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`COMpILATIGN Op TEST DATA ON ill FREE-SPINNING .AIRPLANE

MODELS TESTED IN THE LANGLEY 15-FOOT AND

20-FOOT FREE -SPINNING TUIeLa

By Frank S. Malvestuto, 'Jr., ;Lawrence . J. ,Gale
and John H . Wood

A co^mrilation of free-spinning-airplane model data on the spin
and recovery characteristica. of ill-airrian.ee • is presented. These
data were previously-publi;heddIn separate memorandum reports and
-were obtained-from fret-spinning tests in the Langley 15-foot and
the Langley 20-foot free-spinning tunnels. The model test data pre-
sented include the steady-spin and recovery characteristics of each
model for various combinattofts .of: aileron and elevator deflections
and for various loadings and dimensional configurations.. Dimensional
data, mass data, and a three-view drawing of the corresponding free-
spinning tunnel model are also presented -for each airplane. The
data presented should be of value to designers and should facilitate
the design of airplanes incorporating satisfactory spin-recovery
characteristics.

INTRODUCTION

The spin of an airplane is a complicated three-dimensional
stalled motion that at present has not been susceptible to a thorough
mathematical or experimental analysis because of the lack of exten-
sive. accurate data on the forms and moments acting on a spinning
airplane. References l to 15 are a partial list of papers which
show in some detail the mechanics of the s pin and the complexity of
the interactions of the inertia and aerodynamic forces causing the
spinning motion. The results of free-spinning model tests have
enabled practical studies of the spinning motion to be made and :the
determination of certain mass and dimensional parameters which pre-
dominantly affect the spin-recovery characteristics of an airplane.

In accordance with a ,equest of the Air Materiel, ,Command, Army
Air Forces, the present paper compiles in one paper the results of
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free-spinning model airpliA6 tests which have been conducted in the
Langley 15 -foot and 24 -foot -free-epim- ing tunnels during the years
from 1935 tQ 1944 in order..to furnish designers with data to facili-
tate the design of airplaises 'incarporating satisfactory spin-recovery
characteristics.,

The model teat data pregented have . been ' obtained from free-
spinning-tunnel model tests for the`Army, Nevy, Civil Aeronautics
Administration,.and for commercial companies,. and include the steady-
spin and recovery characteristics of 'each"model for various combina-
tions of aileron and elevator'deflectioris, and for various mass
loading conditions and dimensional configurations of the model.
Included also for each model is a table of full-scale dimensional
data, a table of full-scale mass data, a three-view drawing of the
model as tested, and a brief resume of the test results incorporating
the more important spin and recovery characteristics of the model.

For the data -presented. herein., recoveries were attempted ' 'by.
rapid3y 'aid fully irroving the control suifaces to 'any, desired posi-
tion anA are independent -of 'trie *forces required to move the controls.

• 	 • .	 ..	 ... aYNiBOI^ ..	 -

	

b"	 wing span; feet. 	 _ .. .

	

L	 over-all - length, "'keet

	

c	 mean aerodynamic chord, inches

	

ca 	average chord, inches.

	

cr 	 root chord, inches

	

S	 wing area, square feet

	

A	 -!aspect ratio .

•.E .., .	 leadiig . edge

.:	 horizontal tail area, square. feet'

ge.:	 • ^el.evatar .. &Toa (aft of' h nga litre), square "Feet

Sv :	 vertical ' tail; `area; square feet
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Sr 	 rudder;	 ^qft,: of -hjAge line),, square feet-; area ,

TDPF	 tail --A	 ifig power factor - (fig, , 5)"'.

URVO	 unshielded rudder volume coefficient (fi g - 5)

.TDR •	 tall-damping ratio (fig - 5)

gross weight of airplane-., pounds.

m	 mass of airplane, slugs

xre	 ratio of ;&i.at;ance:of : center, of . gr4v,#y rearward of
leading edge of mean aerodymamic chord to mean'
aerodyn4mic 	 when center of gravity
position is aft of L-BE• of c

ratio - *O' f  di Aance; beAv'e',§ri'o-,ntLet of gravit
y and thrust

line or fuselage referen-,e line to length of mean
aerodytaia6 ` -chord; -Pbslt i ve 4 Vhen .center of gravity
is below thrust line

Ix" IV IZ	 moments of inertia about X,, Y. and Z b6dy'exes, respec-
tively, slug-feet2

Ix - IY
inertia yawing-moment parameter

nb2

IY - IZ
inertia rolling • moment parameter

mb 2

IZ - IX	
inertia ..-p. ^:c#ing7zo*ent .parameter

nb2

P	 air density, slug per cubic foot

r-, :airplane : relative ,-d-enslity (m/qSIO.:

Z --angle . between, thrust line or fuselage refers 6, line
and vertical, degrees; approxinat6ly equal to
absolute value. of angle of attack at p
SYZMetry

-pan axis and:horlzqntal deangle between A-	 Weep; posi-
tive when right or inboard wing is below horizontal
in a right spin
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V	 fuli'^-ecale, _true rate of descent, feet per second;."

S2	 full-scale sr*gular velocity abo ° ,lapin axis, revolutions
per secon&,:.

Q	 helix angle;'' arig],,ek.,between flight path aril vertical, degrees

p	 approximate angle of sideslip at center of .gravity; side -
slip is positive - aiA inward, for :a right spin when im#r .-
i is dvtm-: by. an amount greater` than :t yke helix angle

M CO

".. 'normal ,maxim= deflection of, rudder, degrees

be	 ribrmal. maximum" deflection 'of" e3evator, degrees

Sa"	 Uormsi maximuiii deflection•, Qf `s ieror ,. ,degrees

^f	 normal mex1mum d^^].ectian.of, f14ps, degrees

&s 	normal maximum extension of alats

U	 up

N	 neutral

D	 down

F	 forward

B	 back

APPARATUS AND MMODS

The copstruction of b?ee epim. Tng,-#un^ael models is ' described
in reference 169: Brief... j. e4ch model vas constructed of balsa to
b ' alreamiorna ly similar to ^ the 'aixp]4A^ ,...and was ballasted for

,dyn amic ;si ni .a'r3t "'to'. tho:. corresponding airplane by the installation
czf"=pftope - :^r^3 g1ats' at.•su able 16 ca'tiQ.rae . . An automatic clockwork
delayed action mechanism or :a -'iag' ftetic. r6tiote-control mechanism was
installed in the model to actuste `.the.cQntrols for recovery. For
attemptedr.eGoveries using a maietip, remote-control mechanism, a
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magnetic field is induced in the test section of the tunnel when
the tunnel operator closes an electric circuit. The mechanism in
the model reacts to the induced magnetic field and through a system
of cords and pulleys the model control surfaces-are rapidly moved
by a rubber band to the desired positions for recovery. 'The delayed-
action mechanism which was used in the earlier models for attempted
recoveries consisted essentially of a clockwork mechanism which
timed. the movements -of'the control surfaces after a predetermined:
interval for the intended recovery of the model.

Wind Tunnel and Testing Technique

The tests. were conducted in the Langley 15-foot and 20-foot,
free-spinning tunnels. Sketches of the tunnels are presented as
figures I and 2, respectively. The operation of the 15-foot tunnel
is described in reference 16; the operation of the 20-foot tunnel
is similar to that of the 15-foot tunnel.

The models were launched. with rotation by hand into the
vertically rising 

I 
air stream of the tunnel. For a few .of the

earlier models the launching spindle method described in refer-
ence.1:6 was used. The airspeed was varied by the tunnel operator
until it equaled the rate of descent the model would have in still
air. The model was thus maintained at approximately eye-level in
the test section.

.With the model spinning in,the tunnel, observations were made
of the general behavior of the model, a nd the airspeed and rate of
rotation of the model were recorded. The airspeed was obtained from
a calibrated tachometer, and , the rate ' of rotation was determined by
noting.with a stop watch the time roquired for the model to make a
given number of terms in the spin. 	 e

1

The attitude of the mod 1 in
the spin given approximately by a and q were obtained from
moving pictures taken of the,spinning ' mo&el. Figure 3 shows.a
typice.1 model spinning freely in the Langley 20-foot-spin,tunnel.
For spins,. which had a rate of descent in excess of that which can
be,attainea in the tunnel,the rate of descent was recorded as
greater , than the velocity at the time'the model hit the net,
as >300 feet per second (full scale).

Interpretation of Recovery Data

After the established Spin of the mod6l , 'had been observed and
photo'gi^aphed, recover i e s.were attempted from the established spin
condition. Figuro 4 shows photographs of a. recovery. The turns
for recovery are measured from the time ' the controls are.moved to
the time thesbin rotatiqu ceases.,
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The criterion for a satisfactory recovery from a spin for the
models has been adopted as 2 turns or less. In the resumes of test
results for the models presented in this paper the word marginal
Indicates that the recoveries were borderline cases',"'that

between 2 and 21' turns. The recovery characteristics of a model
2

of .at^milftacry ; airpla>te •are Considered` satisfactory if recovery ;'from.
the spin s at the x ormalwsjih6 ng ccnti configuiatioxio ..(rudder,, full
with,- . elevator' full up, and ailerons' xieut al ),' by rapid. f .ul1 rudder ,
rever.sal.regates no more than ^' turns and, 3f' small deviations from
t is control. dQ not: cause . ; reco.pry- to exceed 2= turns .. For iazany,
of the models`in" this report . for which result , have. been. ; opm^ii^.ed;
deter hati6na" of the dependence of 'iecbvery ,upon so-called; . devia-
tions involved examination of results at full aileron deflection
and zero elevator setting. Recently, however, (reference 17) small
deviations have been defined as setL*.ng-the..elevator at only two-
thirds of full- up'd.eflect ion, - setting the ailerons one-third of
full deflection in the direction: conducive.to.. ;slow..recovery ., and
attemptiiag reco^ter by . either moving . thc^ rudder alone to : twon.th3 rde!
of full deflection`-against the spin, o^.. q. th^..s rudder movement
acdotgaiiie'd: by Movement of .the elevator to orie-tYiird , do^p, .

For the spins Waich has a rate of descent in excess of that
which could be attained . in ,the, tunnel,, recovery wa.s; attempted while
the model. was ' still ` d.eeceh inn ,in	 the tunnel:. : Such results are .: oon°
sidered conterVative inasmuch as the model had. not . reached -.its. fipal
steep attitude For 's ing. which were steep: with• a high, rate of
descent` and for which , recoveries.:were not. attempted, it. s probab
that if recoveries taste attempted t4ey ' would .ha.ve been, satisfactory.
(<2,turns).: `For re-b: v^e`ry' attempts iii which the model struck: the
safety net while it was still in a spin, the recovery, was recorded
as greater than the number.. of , turns ., from the times the, controls °moved
to the time the model struck the net,' as for .example >3. _A >3-turn.
recovery does not'necessariliridicata' an improvement over a:>6-turn
reeovery.= -For the "condition in, whi.ch:, the ,model . stopped rotating
when laundhed. in a spinning attitude,. rudder. remaining with' the .spin,
the result was 'recorded as ftapin.,

For a few : of'the early models.`for which the rate of descent of
the model exceeded the tunnel airspeed an ._suxiliary,plane surface
was -extended from -the inboard 'wing . tip at such an angle to the wing
chord plane` that-the' surface, 'commonly ,called, a pro-spin fin, caused
an additional pro°spin yawihG pop ez t to, act .an:tlae model which in
turn flattened the spin aid decreased the rate ..oIf Aescent:. If the
model recovered satisfactorily from the spin with the pro-spin fin
attached, it was assumed that recoveries of the model for the same
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configuration and control manipulation without the pro-spin fin
attached woald. be sott,- sfa.cto27. The pro-spin fin, be:caucae of the
inac6vxicy Involved ire. bits usage is: not at present -considered 	 6
saIjisfactory method of Yu^ .ning data for models with high rates,
ofdescent.

P?^C1S20N

The results of the	 teets presented are
believed to be ' the true values giver_ by the model Within ''the.
Following limiti o.

ad
^
e
e
g
^
 . • • . • • • .	 • .. , .	 . e

	
•, ( 	

y
tl

V,,.. percent • ♦ • . . • . • . ♦ 	 • , • •	 •	 t5

n, percent	 •	 t2

Turns for recovery:

-	 .p	 ±^
From film	 ♦..• "' •• .• r	 • • •	 •. • e	 e i	 •. ♦ 	 r r	 p a	

t•

.Fr(* visual-estinate*
G

The,.preaeding. ;limite may have beon ' exceeded for certain spine
In which it was . difficult to control the model. in the tunnel because
of the" high• race of descent or because of the wandering or oscillatory
nature of the spin,..- ..

Comparison betkm en raodiel and. , a i^- ? are results (reference - 18)
indicates' that the sp.Jj1 .r ^:sel remelts are not in complete agreement
with airplane opin rewults • . In general, it is indicated that the
model spins at a some,-Anait .smaller angle of attack, a somewhat higher
rata of-Aescent l and frUIA 50 to 100 more outuard sideslip. The com-
parlson made ini.reference .18 sbowad that 80 percent of the model
recovery tests rredicted satisfactorily the number of turns required
for -recovery frcm, the . spin. for the core spend.zng airplanes, and that
10 percent overestimated and 10 percent unde-restimated the number
of turns required.

Because of the inpract;icahility. of .ballasting the model exactly
and because of inadvertent darage to the inodel d?:ring tests, the

" measured Vn.4 ght and mass dietr:i lautf on of tha.. models, in general,
varied fr.ow: tae 	 of the airplanes within the
fo1lov ng approxf aid- to
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Weight, percent	 .. . . . . . . . . . . ... . . . . . . . . .. 	 ti
Center-of	 ity location,, percent c . . .	 -k2

Moments	
IX_, percent . . . . . . . . .	 . . . . . . *10

of	 ly, percent . . . . . . . . . . . . ..	 - - .*13

inertia Tixz v, percent I . . . . . . . . . . . . . 	 0 . t15

The limits of. accuracy of the measurements of the mass dlYarec-
teristics were as follows:

Weight, percent .,-. - . . . * . . 9 6, . . . . # 0	 . . * 0 . 
,
'0 **l

Center•of-gravity location, percent 'E -	 *1
Moments of inertia, percent 	 t5

The controls were set with an.accuracy of *10.

TEST CONDITIONS

Spin-tunnel tests are performed to determine the spin and
recovery characteristics of the model for the ncrnel-spinning'_cozitrol
configuration (elevator fu 13:-up,,- ailerons neutral .,. and rudder full
with the spin) and for various' other-aileron-elevator deflection.4
combinations including neutral ., intermediate.. and maxim= deflec-
tions of the control surfaces for various model loadings and dimen-
sional configiwations. ln general, the tests conducted for each
modal were for conditions' simulating those at which the airplane
was generally expected to operate (as determined from the menu-
facturer's maqs .ri^pqrtB) and for conditions for which it was
ascertained that the airplane might have iecovery'aharacteristice
different from those for the normal loading, clean condition of
tlia' airplane. Clean condition in this paper indicates lending
geei:0 retracted, canopy closed, flaps neutral ,, slots closed.,.apoilers

-h6itral,and propeller off unless otherwise indicated. The normal-
loading conditione * tested are listed in tho "mass-data" table for
each model. The normal loading is the basic loading condition of
the'airplane and all changes in loading usually were made from this
condition

f In order to obtain loading conditions other than normal) lead
ballast was redistributed along the three body axes of the model.
If itwas desired to obtain a change in mcments;of-inertla only,
the weight and center of gravity of the model we're'held'constant

..and mass was extended,or retracted along any one axis, as shown by
the f ollDvirg table:
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Ex'veiidirsg mass
: .along

C l ,r.uge in
Algebrafc,change in

7	 - lX	
y

mb2

---
Iy^ ;- IZ ,
^..^...,.

mb2

Iz	 IX

-.-^-----
mb2IX IY

,..
IZ

X-axis -------- Increase Yncreaae Decrease -------- Increase

Y-axis Increase :Increase Increase.Decrease --------

Z-axis Increase Increase _--°___ -------- Increase Decrease

The effect of center-of-gravity movements on the.spin and
recovery characteristics of the model in a majority of. cages were
d.:etarmined by making changes in the center-of-gravity pMltion
without , any change in the values of the weight or momente•.'of :inertia
of the model.

Thenormal, max	 ,.aimumnd, intermediate control surface, deflections
used for the specific.. tests are listed in the dimensional-date table
for each model and also in the chart of . test results . whereyort.con-
sidered necessary for clarity.

Dimensional changes were usually incorporated into the model by
adding balsa surfaces to the fuselage, tail unit, or,wing.

PRI MMATION OF . DATA

The following information is presented•in this report-for each
design:

(a^ Three view drawing of the model as tested in the clean (or
normal flying) condition

(b) Table..of full -scale . dimensions acid areas of . the .airplane

(c) fiable of full-sealgymass data ^used,,for:-the. ballasting of
the model for the various tests

(. d)..A ..resume of . the spit and..recavery-: . cheractertstics of the
model based. upon the presented. teat r,-esulta: and also upon .unpublished
test results of the model not included in the charts of test results
presented in this paper
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(e) A-chart containing the results of free-spinning tests of
the model for various aileron, elevator, and rudder settings end
various loading conditions and dimension lconfigurationson the
charts the model data are listed as their full-scale equivalents.,
model values having been converted by the relationships given in
table I)

(f). Sketched of dimensional modifications tried on the model
to improve its spin and recovery characteristics, unless modifica-
tion is obvious (dashed lines in,the sketches indicate-the dimen-
sional modifications; the solid lines indicate the original contours
of the surface)

The•charts are so arranged that the chart caption indicates .9 ,
 the configuration of the model for the tests and,the

method of attempted recovery from the spin, for example, 'Vnless
otherwise indicated, steady-spin data are for rudder-with spine of
the model .in the clean condition and recoveries were attempted by
rapid full rudder reversal from right erect spins." The heeding
for each of the tables.in the chart indicates the mass loading of
the model for the test results presented in the table, the Flying
condition of the model if different from the normal flying (clean)
conditions and. the .position •and relative movements of the control
surfaces during the steady^epin and recovery motions.

The footnotes given on each chart are used to denote:

(a)Important and unusual behavior of the model during its
steady spin and recovery motions

(b)Special control manipulations for attempted recovery from
a spin such as, for example, "recovery attempted by simultaneous
reversal of the rudder from full with to two thirds against the
spin and the elevator from two thirds full up to one third down"

W Exceptionai mesa conditions, control surface deflections,
or dimensional configurations

Ailerons against the spin (stick left in a right erect spin)
indicate that the aerodynamic rolling moment about the body axis..
contributed . by.•_the ailerona:le nprmally..opposite to the rotation,
and silerons'idth the 'spin indicate that this moment is in the
direction of t#e.rQtatlon.

For the results of-model tests in which the model v6o''spinning
Inverted., the-fo^16vi^ng points shpuld ,:te noted:
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(a) All inverted spin dat
pilot 's left with left rudder
the spin axis ae'viewed by an
above the airplane.and looking
Wise.

a presented are for spins to the
pedal forward. The rotation about
observer situated on the spin axis
towards th6 airplane would be clock"

(b) In an inverted spin to the pilot's left, the Iliboard- wing ,
is actually the left wing of the airp l ane and this .wing' is :con-
SidWre&'up or down doper-ding upon vhethdr it is above or.bolow the
horizontal with respect to the ground.

(c) In the tables, the lateral stick position is indicated
relative to the pilot, and. when controld are ."together" (left rudder
Pedal forward and stick to . .the left) ., the ailerons are considered.'
against the spin aerodynamically."

(d) The longitudinal position of the,stick is also indicated
in the tables ., relative .to the " '	 1 orPilot, as at ick forward, neuttj
back.

On the charts, chanties in center-of-gravity positions are given
in percent of the mean-aerodynamic --hord,,.for example ., "center of
gravity moved forvard'O.l6_c"1 'aeiiotes that the center of gravity has
been moved 10 percent of the length of the mean aerodynamic chord
forward from its original position. Changes in moments of inertia
are indicated on-the chart as 'percent changes with respect . to the
moment of inertia- about s(.-le 'aXis, for example, 41y, and 4I 	Ix
denotes that the moment of^inertia about the X-axis and the,moMent
of inertia about the Z-axis have both been increased by 30 percent
of the original value of the moment of Inertia about.the X-axis. For
some tests; simulataneous changes were made in center-of-gravity_
location and 

moments. of inertia. For testa.vith themo4el in the
landing or take-bff•conUtion, the landing gear was extended and the
flaps, slots, -and spoilers vere.deflected to the positions indicated
for these conditions in the dimensional •-data table..

Changes in the design of the airplane in order to improve the
recovery characteristics are-denOte(l . by "modification" on the test
data.chart. For example, modification 2, normal loAding, means that
a cert^in dimensional -change has been made . to the model when in the
normal:.loading for the -flying condition noted by the chart caption.

Modifications 1 and 3, normal loading, ipdic ate that two
:-simultaneous dimensional changes were made to the modeL'when it was
in the flying condition indicated by the:chart caption and normal
loading.,.. Sketches of modifications accompany all chdrts . unl6ss the
modification to the design of the mod-el could be simply described.
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DISCUSSION CF DATA'

in and recovery parameters.- The results of free-spinning
airplane model tests such as those presented in this paper have
enabled important practical conclusions to be drawn concerning the
established-spin and recovery characteristics of an airplane and
the variation of these characteristics with the dimensional and
mass changes of the airplane Involved. The basic spin parameters
presented herein, angle of attack e, angle of wing inclination
angular velocity about the spin axis n, the rate of descent V,
andthe number of turns for recovery are indicative of the spin
and recovery characteristics of the airplane,

The angle of attack defines approximately the-attitude of the
airplane with'r'espect to the vertical. , ,The angle of wing inclina-
tion is a factor involved in the determination of the angle of
sideslip and of the direction (and magaitude) of the inertia mcmzents
acting-in a spin. The annular velocity Q is directly responsible
for the development of the centrifugal. forces and moments acting on
the Airplane. The rate of, vertical:' descent V is of ittportance
in. considerations involving the _vertical. distance .available for
recgvo* from the spin. The numbei of turns for recovery is used
at present for indicating the recovery characteristics of``an..air
plane. . A survey of the data 'presented herein indicates generally
that: ft>r" thee' models tested, the angle of attack may .vary= frown 150

o•, ta 85 ^•, the 'angle of 'wing inclination 130 0, the rate of descent
(rota 100 feet per second to >60(Y feet per second, and the number of
.turns for- "recovery frcm less than. l/4.:.ty w., The value of SE
( revolution fees) varies ' approximately from 0.20 to 0.60P. For
some of tivo*models tested the i»otion in the spin was very:-oscilla-
tory andi :vandering - that is, the model would. generally pitch,
roll,and•yaw about its bo'i axes with changing spin radius. The
wick, variations in the parameters result from the effect of the
different mass.and dimensional. , characteristics and control settings
for different airplane desig4is.

ECect

In general, it has been fciun h(referencs.l7,. >l9, 20, and 21)
that the spin and recovery characteristics of an airpplane can be

" .evaluated.. i:n terms of • the follow ng mass and`- dimensional character-
:istics " of the airplane;

(a) The 'relative dUtribition of the mass. Hof the airplane along

tho wings or fuselage indicated by the mass parameter
nb2
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(b) The position of the center of gravity,.given by the
parameter, xfC_

(c) The relative density of the airplane, given by the

parameter, µ - 
m

 Aeb

(d)Tail errangement ' and design as indicated by the'value of
the tail-damping power factor (TDPF)

These mass and dimensional factors are listed for .each.model and
their effect on the spin-recovery characteristics of an airplane
will'be discussed in the following sactio}q of this paper. It
should be pointed out that Facto's fa) to (d) are b ey no means
infallible indications of an airpja4e''p spin-recovery character-
istics but do indicate peiieral trends founded on the results of
free-spinning model teets.

Effect of the mass parameter.- The inertia yawng-
mb2

moment parameter Imo. indicates the relative distribution of
mb2

the mass of the airplane along the wings and fuselage and has an
Important effect on: the control settings anal control manipulation
for satisfactory recovery from the spin. As indicated in refer-

TY
ence 19, _for 'negative values of : IX 	 mzerically greater

mb2
than -50 16 -4 .

(mass distributed chiefly along fuselage), aileron-
with and 'elevator-up settings aided recoveries, and the rudder was
the most powerful control for recovery. When the design approached
that of multiengine airplanes or single- engine airplanes with wing

tanks and wing armament, (for negative values of I	 nu erically
mb2

smaller than -50 x 10'4 and fora positive values) the .aileron 'effect
and elevator effect rev ersed; . :that is, aileron-against wind elevator-
,down settings were conducive to. the most rapid recovery and the'ele-
vator became the predominant control for recovery.

A review of the rosults of tests presented, in tl pia paper for
which the mass wa.s varied, elong';the.wings and along the fuselage of

ly
the model indicate that the effect of the mess parameter 

I

mb2
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on control setting and manipulation for recovery-Is generally in
good agreement with the conclusions. stated above.

Effect of center-of-gravity:location .e- Reference 20 indicates
that the spin and recovery characteristics of an airplane may be
seriously affected •by center-of-gravity location. This maybe
particularly true 'wiie^i the recovery • characteristics •of an airplane
are"Marginal;. The parameter xr, presented in the'mass-data table
for each model gives the pooition':of the center of gravity relative
to }'th'e mean aerodynamicchard• The test results and 4 analysis of
referonde . 20 indicate that-rear'-Ward. positiopb of the csriter of
gravity.are generally adve se, the spine become flatter and
recoveries slower. Movemefit of the center of gravity for . ward, how-
ever, generally steepens the 'spin' and improves. the r_ ecovery char-
ac oris ,itie .` The''spin and recavery characteristics' of some, air
planed, however, may be^relatively insensitive tQ.center-of.gravity
movements.

For most of the models presented in this report the test
results do not . indidate.a serious car systematic.effect of center-
of-gravity locatim on .the•, spin and recovery characteristics. ' as .
concluded in reference, 20. ' The conclusions of reference P however
were based . on tests of lightly loaded models at low test altitudes
for which ease the effect of center-of-gravity location ,ma be. more
pronounced than for heavier-loaded military airplanes, .tested at
higher equivalent test altitudes,.as generally presented in this
report.

effect of airplane relative density .-. "Variations " of 'the ̀rela-

tive density parameter µ =	 -, given for each model. in the mass-
' 	 -	 ^^.•	 -	 aeb•:	 ..	 ..	 ....	 .., 	 . •:

data table,.%ay be considered either as variations in the wing
? ltaa,•cli = of a ¢;.Ven:.airplane with: • the - radii of gyration tept cormtant

and; spun at a ; gs ven altitude or a variation •of..the elti •tude•. of which
the : epih .tat s place for an airplane of - fixed wing., loading.

The lower values of the relative density parameter correspond
-to the lover wing loadings or-! to the lower altitudes of the spin.
The results-offree-spa3.^g teats prosented.in  reference 21 indi-
cated that the lower values of the - relative density parameter
.cµ varied from 6.8 to is,oy^-gave steeper spins and .faster recoveries
whereas the higher values gave flatter spins and slower recoveries.
In general, as the relative density parameter decreased, the rate
of descent decreased,.and.the sideslip became more outward•.The
analysis of results of free-spinning-model tests covering a variety
of airplarna designs..and mass loadings presented in reference 17,
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which irciuded most of the data presented herein, indicates that in
general the effectiveness of a given tail design in promoting satis-
factory spin-recovery characteristics decreases as the value of µ
increases.

Effect of tail arrangement and design.- The tail surfaces play
an important aerodynamic part in determining the 'spin recovery char-
acteristics of an airplane. Spin-tunnel experience indicates that.
if an airplane is to. have safe spinning tendencies, it should .be
provi(ed with adequate damping from fixed area combined with,-,suffi-
cient unshielded rudder arFa. The first of -these provisions .tends
-to prevent the development of the flat spin, while the second pro-
vides sufficient rudder area for satisfactory recovery. The tail,-
dar.,pin.g,power factor'- (TDPF) (reference 1.7) listed in tho dimensional
table for each model gives ' an approximate quantitative,eatimation
of .these two provisions. Figure 5 phows the method of calculating

" : the TD&F and it can be seen. that the product of the tail damping
ratio :(approximation of clamping- due to side. area by considering the
f usolage area under .. the, horizontal. t<all.. as "effective aide- area 11)

and the.unshielded rudder volume coefficient is the-TDPF..,High,
values of the'.DbPF, indicative of cati;sfaetory spin"reeovery char-
acteristics, can be obtained by increasing the area under the hori°
zontal tail (ar.e^. F in fig. 5), increasing the unshielded rudder
:area (area- Rl and , R2 in fig: 5), and increasing the length of.
the tail moment arm-. For models fitted with antispi_n fillets (fins
adAec. to the • fuselage. adjacent -to and generally in the same plane
as the stabilizer). , the tail-damping power factor was computed by
considering the fuselage aroa below the fillets as offective in
damping rotation. The unal-fielded rudder area_was;'however, con-
sidered unchanged by the fillet.

Tail design requirements -'for satisfactory spin recovery.- The
mininnum value of TDPF requirad nor a given design for sat ^ifactory
recovery, based upon results of free-spinn.ing-model tests-is dependent

IX Ty"
upon the value of the inertia yawing'-moment parameter	 and

the value of.- the relative dn_4ty factor g of the airplane.

An empirical requirement which considers the interrelated effect

IX - Iy	 t
of -----r--,µ,, _ TDPF, and control manipulation on the recovery

mb2	i
characteristics of an airplane has been presented in reference 17.
Most of the recovery data used for determining the tail design.
requirements for satisfactory recovory characteristics was.obtained
from the test results of free-spinning models compiled in this report
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and included monoplane erid biplane, 2andplane and seaplane, and
single-engine and multiengine designs. The data applied! only ..to..
models in the clean condition (landing gear retracted, cockpit
closed, flaps neutral, adn so forth). The models were tested with
various • tail modifications and mass changes and the results of,these
tests were also included in,the ane lysiso Recovery charact6r.1stice
were considered satisfactory for this tail design requirement.if the
model recovered in 2 turns -or less from the spin whon the model
was in the normal-control configuration for spinning and if small
deviations (criterion spin discussed previously) frcm,this control

setting did not cause recovery to'exceed 24 turns.

-Th results of the investigation as % given in reference 17 are
summarized in figure 6 of this report. It,can be observed that the
relative distribution of mass along,the wings and fuselage of an
airplane and the relative density of the airplane as.well.as the
design of the vertical tail and relative pdsition of the vertical
and.horizontal tail (tail-damping power factor) are-considered.. It
should . be. noted on figure 6 that in * the region of mass, distribution

fropa, values of I— -- Îy from -100 x 10-4 to 20 x 10-4 higher
mb2

tail-damping,-power factors are required than are necessary on either
side of this region. If in designing„the airplane, consideration
can.be ” given to the mass. distribution snd this "critical" region
can be avoided, a value of the tail-damping power - factor considerably
lower than that indicated for relative densities of 20 or less may
be acceptable.

Inverted Spins

xnverted^spin tests have been conducted for the majorityi of
models "presented in this report. An analysis reported ..in refer
ence 22 indicates than:

1. Inverted.spins are usually steep and therefore the•.rate
of descent is relatively high.. For-the normal.control configura-
tion for spinninjjnverted (stick laterally neutral and longi-
tudinally forward, -rud.der with rotation); . recovery by;,reversal
of the rudder alone generally was rapid (<2Aurn6).

2. Pulling -the arflbk t"aok dW.. nished: ths' 'te.ndency foi, the
zodels.:to sp3.^ jv eried.

3. The aileron effect was quite marked.: Setting the,

ailerons against the spins (controls together) tended to
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prevent the inverted spin and setting the ailerons with the
spin (controls crossed) retarded recovery from the inverted
spit .

The results and analysis of reference 22 indicate that the
excellent inverted spin recovery characteristics.of conventional
-airplanes is apparently due to the relatively large values of the
tail°damping power factor which the normal tail arrangement would
have in an inverted spin inasmuch as most of the vertical tail sur-
face'is usually unshielded by the horizontal tailplane when the model
is spinning inverted.

As mentioned previously, the value of the inertia yawing-moment

parameter I
	

IY has a large influence upon the effect.of controls
Mb2

and control manipulation in recovery from erect spins. Results of

inverted-spin tests indicate, in general, little effect of I
	 Iy

mb2
on control settings = -and -control manipulation for the, range of mass
distribution covered. This.fagt may . in part be attributable to the
usually high value of the tail-damping power factor of the vertical
tail in the inverted position.

CONCLUDING REMARKS

1. Alarge quantity of airplane-model spin data have been,
compiled and are presented in this report. The basic mass and
dimensional data presented for each airplane together with the
corresponding results of free-spinning model tests should be of
value.to designere.and should facilitate the design of airplanes
incorporating satisfactory spin-recovery characteristics.

2. The results presented herein bear out the conclusions of
previously published data that indications ! of the.spin , and recovery
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characteristics of. an' a rplat nay
" 
b,6 I ob airied by cor idex tion of its

mass distribution, center-of-&avity position .and tail arrr 	 nt.
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TABLE I

DYNAMIC RELATIONSHIPS

[For dynamic similarit, the given relationships hold,
where N is the scale ratio I	 -	 -

General 1/20 scale

Angle of attack .,	 m Constant 1

Angle of wing inclination,, Constant 1

Angular velocity ,,	 a 1 / fil, 4.47

Linear velocity,	 V 4—v 1/4-47

Turns for recovery Constant 1

Linear dimensions N 1/20

Area N2 1/400

Volume and weight N3 1/8000

Moments of inertia N5 1/3,2002000

Wing loading,	 W/S N 1/20

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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(a) Diagram of the Langley 15-foot free-spftming tunnel. 	 (b) Test section of the 15-foot free-spinning tunnel.

Figure 1.- Diagram of the Langley 15 -foot free-spinning tunnel and
photograph of test section.

NATIONAL ADVIBORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD, VA.
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(a) Diagram of the Langley 2.0-foot free-spinning tunnel. 	 (b) Test section of the 20-foot free-spinning tunnel.

Figure 2.- Diagram of the Langley 20-foot free-spinning tunnel and
photograph of test section,

NATIONAL AD_VTSORY COMMITTEE FOR AERONAUTICS 	 N^
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA .
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NATIONAL, ADVISORY
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(c) Partial-length rudder; a assumed to be 300 ; TDR 0.019.

Figure 5.- Method of computing tail-damping power factor.



•.• •.. .....
NACA RM No. L7E15

	
F'ig.

...
/600

X/0-6
/400

/200

4,/000

Q 800

600

400

200

0

/600
X/0-6
/400

/200

/000

0 .600

600

400

200

0

/600
X10-6

/400

Izoo

[L /000

Q BOOh
600

400

200

0

AIRPLANES	 WITH
RELATIVE DENSITIES
GREATER THAN 20
AND AS MUCH AS 35.

.Region forsgfis-
foc fart' MCovery Indefinite region no dafo

,by rudder &-vemzl ovai/able.

Unsafis^ac /oy region

AIRPLANES WITH
RELATIVE DENSITIES
GREATER THAN 15
AND AS MUCH AS 20

Rey/onfarsof/sfdc%iy L fol- ,50,11,6fac/VRey/On y16-covery

recowrby rLdo%r re- by slmu/far7eods Yevet-sa/o/' b h
versa/ alone rudder and e% vafor

Unsc:f/S faC f0 y

AIRPLANES WITH

RELAT/.VE DENSITIES
OF 15 OR LESS.

Recylon forsa r'15A=—.-'Vry
recovery
versa/a/one

bytudderte- F?e^/on forsaf/s{vcf0ry re-
coveryby sanv/A'/7e0vsM-
versa/ orTtSofh rcdderonde/e^afor

NATIONAL ADVISORY

GONNITTEE FOR AERONAUTICS

UnSd1^/S{aCy4o/y re^/O/!

••

•
••••

••••

• ••

-320 280 240 -200 -160 -120 80 -40 0 40 BO 120 160 200 240X10

-nh
FIGURE 6 - SPIN-RECOVERY DESIGN REQUIREMENTS FOR

/AIRPLANES WITH RELATIVE DENSITIES BETWEEN 0 AND 35.



22NACA RM No. L7E15

a•s
•••^	

15 SCALE MODEL OF THE NORTHROP A-17 AIRPLANE
•

god/e
hilp

4

Dimensional Data

(Full Scale)

b, ft . . . . . . . . . . . 47.70
L, ft . . .	 . . . . . . . 32.10
F-, in.	 . . . . . . . . . . 96.90
S, sq ft . . . .	 . . 3 63 . o0
A. . . .	 . . .	 6-30
L.E. e aft L.E. cr, in. 	 5.70
Sh, sq ft . . . . . . .	 64.o6

Se , sq ft (inc. bal.) . . . 28.26
Sv, sq ft . . . . . . . . 26.80
Sr, sq ft (inc. bal.) . . . 14.80
br , deg . . . . . . . 30 R , 30 L

8e, deg . . . . . . . 30 U, 25 D
bas deg . . . . . . . 30 II, 25 D

b f; deg . . . . .	 . . . . 45 D
TDPF , . . . . . . . . 70 x 10-6
Landing gear . . . . . . . Fixed

aeo"

24.43°	 5.W.,
/,

5.60"—f-
t ref. -.	 -

S°192"	 5! rudder
78 ^5°incidence	 hinge

Mode/ as tested.

Mass Data

Normal Loading

w, lb . . . . . . . . . . . 7311	 IX - Iy
x/Ci . . . . . . . . . . . . 0-304 	 • • • • • e

2z/c . . . . . . . . . . . . 0.122	 mb
Ix, slug-ft2 . . . . . . . 6206 `^ IY - IZ

Iy, slug-ft2 . . . . . . . 7677 ^°' 	 2
mb

I Z, slug-ft2 . . . . . . 12,442 ,,'` - 1  - Ix
Test altitude, ft	 6000•

(at sea leve 1)	 5 51	 mb2

-29 x 10-4

-92 x 10-4

121 x 10
-4

µ
µ' ( 6000 ft) . . . . . . . 6.60	 NATIONAL ADVISORY

CONNITTEE FOR AERONAUTICS
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0*00	 Resume of Model Test Results

s""'•	 In the clean condition, normal loading, normal control configa-
..	 .ration for spinning, the model spun very steeply. With the elevator

'.:	 down, two types of spin were obtained, either a very steep and wandering
'	 spin or a flat spin (data not presented).

Extending mass along the fuselage (ATY and 6Z = 0.20 Iy) led

to spins that were flat and stable; as a result, this condition was
used as the basic condition in determining comparative effects of varioui
loadings instead of the normal loading. For this condition, recoveries
from steady spins obtained were unsatisfactory except when the ailerons
were set full with the spin for which settings the model had a rate of
descent in excess of the maximum airspeed of the tunnel from which it is
believed that recoveries would have been satisfactory.

Extending mass along the fuselage COY and Alz = 0.20 IY),
retracting mass along the wings (AIX and QTZ = -0.20 I$), extending

mass along the wings (dig and &T Z = 0.20 Ig), moving the center of

gravity back 0.050 from its normal position, or a combination consisting
of retracting mass along the wings and moving the center of gravity back
from its normal position generally had no appreciable effect on the
unsatisfactory recovery$ characteristics of the model. Deflecting the
flaps to 150 and. to 45 with the mass increased along the wings generally
led to flat spins from which recovery by rapid full rudder reversal was
unsatisfactory.

When the center of gravity was moved forward 0.106 from its normal
position with the mass distributed along the fuselage (CIT Y and

4IZ = 0.20 Iy), satisfactory recoveries by rapid full r̀udder reversals

from spins were obtained with the elevator up and the ailerons neutral.

The addition of a ventral fin (modification 1) slightly improved
the recovery characteristics of the model; however, recoveries were
still generally unsatisfactory.	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 1S SCALE nODEL OF TEE NORTRNOP A-17 AINPLANE

[-less otherwise indicated, steady-spin data are for rudder-with spins of the model Inthe clean
condition and recoveries were attempted by rapid full rudder reversal from right erect apinsg

AIy and AIZ = Effect of mass variation and c.g.
AIy and AIZ = 0.20 Iy O.2O Iy, movements on turns for recovery for

Rudder neutral
spins

aileron neutral spins.

Against With Elevator U D

19 . 5ou
5.5ou 5.5°U

8°D
19.5ou

°D
Neutral AIy and AIZ = 0.20 Iy 1Ailerons Neutral

°D15.5 8°D 15.5
AIX and AIy = -O.2O IX ,

°o

Elevator N D N D U N	 I D N	 I D N D 	 I U N D
AIy and AIy = O.2OIy

4
61

56 64 48 - --- --- 47 55a, deg 75 --- 74 --- 7 1 --

N

°

a
p

i
n

AIX and a1Z = 0.20 IX 2
0, deg 4U --_ 3II ___ 2U lU 2II iu --_ ___ ___ 3II 3II

n , rpa 0.61 ---- 0.63 ---- o.42 0.55 0.94 0.46 ---- ---- ---- 0.47 0.49 AIy and aIZ - 0.20 Iy
e.g. moved forward 0.10-

di

2
81
2V, fps 99 ---- 97 ---- 123 100 103 130 --- --- --- 125 115

Tur
for m m co m

5 6 1 1 5 ___ -__ ___ _-_ AIy and AIZ = 0.201y e
6 °Orecovery

b6y
91

34 e.g. moved back 0.05-
2 2

AIy and AIZ = AIy and AIZ = O.2OIy,
0.20 Iy,

AIX and AIZ = Ailerons neutral
AIy and AIZ = 0.20 Iy, -O.2O IX,

Flaps 150D 300D 450D
AIX and AIZ = -O.2O IX, 8•moved back
e.g. moved back 0.05- 0.05-,

Rudder against
spina

Elevator N D N D N D
Against With

Ailerons 19 . 5°D 5• °U Neutral S,SoU 19.50U Neutral a, deg ---- 57 ---- 55 ---- 55
15.5°D ;°D 8°D 15.50D

Elevator N D N' D U N D N D N D U N D 0, deg ---- 2U ---- 3U ---- 3U

a, deg --- 75 --- 175 1 68 ---- 69 ---- 51 ---- ----

N

°
a
p

n

---- 53
fl. rps _ 0,48 _ 0.48 -- 0.1180, deg ---- 5U --- 3U 2II --- 2U --- lU --- --- --- 4II

12, rps ---- 0.63 ---- 0.60 0.44 ---- 0. 57 ---- 0.47 ---- ---- 0.48

V ' fps ---- 113 ---- 115 ---- 115V , fps . ---- 97 -`-- 96 111 ---- 99 ---- 125 ---- ---- -_-- 121

Turns
for ---- w ---- m

61
2

co 01 `--- 5 ---- ---- ---- ----
Turns
for 1

5- ---
1
5- ---- 5 ----

recovery be, recovery 2 4

AIy and AIy = 0.20 Iy, modification 1, Modification 1,
AIX and AI	 -0.20 I2 °	 .1C ' AIy and AI	 -Z -

AIy
AIy and AIZ = 0.20 Iy

e.g. moved back O.OSc 0.20 Iy AIX and AIZ = -0.20 IX
Ailerons neutral e.g. moved back 0.05-

Against Against

Flaps 150D 3O0D 450D Ailerons Neutral Neutral19.5°U 5, 5oU 19.5ou 5.5°II
15.5oD °D8 15.5DD °DB

Elevator N D N I D N I D Elevator N D N D N D N D N D N D

a, deg -=-- 71 ---- 1 68 ---- 67 a, deg ---- ---- ---- - 57 59

0, deg ---- 3II ---- 3U ---- 3II .0, deg ---- ---- ---- ---- 2II ---- ---- ---- ---- ---- 2D ----

A, rpa ---- 0. 53 ---- 0. 53 ---- 0 . 53 fl, rpa ---- ---- ---- ---- 0.47 ---- ---- ---- ---- ---- 0. ----
V, fps ---- 100 ---- 102 __- 102 V, fps --- --- --- --- 119 --- --- --- --- --- 115 °-

for
Turna

m -° m --- 9 --- or 3 --- 4 --- 3 31 41 --- 5 --- e4- 4
recover reeove 2 2 4

avelocity too high to test.	 NATIONAL ADVISORY
bReeovery attempted by simultaneous reversal of ruader and elevator. 	 COMMITTEE FOR AERONWICS
CSteep wandering spin, velocity too high to test.
dBefors recovery was attempted the model was in a steep, fast spin.
°visual esti"te.

Modification /

Additional fin area

Rudder 2.30 s9. N.

Fuse%rye 2.80 sq. ft.
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1 -SCALE MODEL OF THE DOUGLAS A-20 AIRPLANE
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Dimensional Data

(Full Scale)

b, ft . . . . • o •	 .	 61.33
L, ft.......	 47.25
c, in • • . . . • • • . . 100.23
S, sq ft . . . . . • . . 464. 80
A e . . • . • . . . . . . . 8.09

L.E. Waft L.E. or, in. . • 0.06
Sh, sq ft . . . . . • • . 101.00
Se, eq ft .	 .	 .	 . .	 . .	 .	 39.80
Sv, sq ft .	 .	 .	 . .	 . .	 62.60
Sr, sq ft .	 .	 .	 . .	 •	 .	 .	 36.10
ar m deg	 .	 .	 .	 . 22.5 R, 22.5 L
asp deg	 •	 .	 .	 . . •	 30 U, 20 D
6a, deg	 .	 .	 •	 . . .	 12 U, 10 D
aF, deg	 .	 •	 .	 . . •	 .	 .	 .	 45 D

TDPF	 .	 .	 .	 .	 .	 . . .	 314 x 10-6
Lending gear	 . . . . .	 Tricycle

P hinge

9 ° incidence
2 incidence

Model as tested.
Mass Data

Normal Loading

rudbt?r

hinge

4.1 x 10'4

-138 x 10-4

W, lb • . • . . . . . • . 199050
..........	 0.218

Z/o	 • • . . . • . . e . -0.060
Ix, slug-ft2 	 33,706
Iy, slug-ft2 	24,557
IZ, slug-ft2 	55,287
Test altitude, ft . .	 20,000
4 (at sea level) . • . . • 8.73
W (20,000 ft)	 16.40

Ix - Iy

mb2 
ryIly — I4

—	
• • e • e • s

mR7

..z	 X
°°° .. ° a	 97x10-4

mb2
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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•a...• 	 Rdsume-' of Model Test Results

In the clean condition, normal loading, the recovery characteristics
*. of the model were generally satisfactory although, when the ailerons were

set full with the spin, recoveries from spins were unsatisfactory for all
elevator settings,

Lowering the flaps 450 either alone or in conjunction with extending
the landing gear so as to simulate the landing condition did not appreciabl;
alter the steady spin and recovery characteristics of the model although
the adverse effect of setting the ailerons with the spin was accentuated.

Extending mass along the wings (AI X and AIZ = 0.30 Ig) had little

effect on the recovery characteristics of the model. Retracting mass
along the wings (AIx and 41Z = -0.25 Ix), extending mass along the fuselage

(Aiy and AIZ = 0.30 Iy), or a combination of these two moo variations in

addition to an increase in the rudder deflection from 22TR, 222 L to 300 R
300 L improved the recovery characteristics of the model. Recoveries for
all control settings tested were satisfactory by rapid full rudder reversal

Additional test results not presented indicate satisfactory recovery
characteristics from inverted spins by rapid full rudder reversal.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE W-SCALE MODEL OF THE DOUGLAS A-20 AIRPLANE

Unless otherwise indicated, steady-spin data are for rudder-witb qAm of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spins

Normal loading Flaps down 450, Landing condition, normal loading
normal loading

Against With
Ailerons Neutral With Against Neutral With12

o
 II

o
120U

Full 100D 10°D Full

Elevator U N D U N D II N D U N D U N D U N D D N D U N D U N D
a e a s a fa

a	 deg N N
0 0

S S
P P
i i
n n

N -- -- N
 o

S
p
1
n

-- -- N -- 24 3 34 34 29 35 1	 35 N

o
S
P
1
n

N

o
S
p
1
n

N	 ----

°	 --
S	 ____
p
1	 ___-
n

---- ---- 1 36 43 42

0, deg
0 _ o -_ 3D -- 9D I 6D 4D 11D 72 6D -- ---- _r --- 13D 8D 8

fl, rps S
P --
I	 _-

-^
--

-- --
S 

_-
0,60 -- 0.39 0.47 0.52 0.35 0.46 0.4 ___- ____ 0.37 0.49 0.48

V	 f s __ _  -
P
1	 -- 331 -- 289 281 272 296 252 252 _-_- _--- 301 257 257

n n
2 >2Fa

> 
^

> 
31Turns

for -- -- -' _' _ - 12 __ > 3 1̂ 1 >6
14 >5 --° ---- ---- 1 1 1

recovery >9 rg > Zr1 >4r^

Normal loadin^ AIX and AIy = 0 . 30IX 41X and AIZ = -0.25 IX AIy and 417 = 0.30 IT
rudder travel	 300 Rudder travel 1300 Rudder travel ±300 Rudder travel t300

Ailerons Against Neutral With Neutral With Against Neutral With Neutral With

Is U N D U D II N D U N D U N D II N D II N D U N II N D II N D
a a a a s a a s ab a s a

-- N -N

P

n

P

n

- 36 35 34 __ __ __ ___ ___ ___ __ __ N

o

P
n

__ __ ___ -___ __ _- ___ __- _-- ___ -__ ___-

__ -- -- -- 5D 5D 6D __ __ __ ___ ___ ___ __ __ -- _- __- __-- _- -_ _-- ___

_ -- -- 0.37 0.44 0.51 -- -_ _ __ -_ -_ -- -- --- ---- -- -- '-- _-- _-_ '__ __- ___-

-_ -- -- _- 284 286 280 _- -- -- --- _-_ -__ _- __ __ ____ -__ --- --- ---
1

1-1-41

-- -- --
-_ > 2 _- __ -_ >8 >8 -- -- -_  L 2 2

recovery
>

AIX and AIZ = -0.25 IX, velocity too high to teat,biZ
der	

NATIONAL ADVISORY

AIy and AIZ = +0.30 Iy,
deral 	 CDNNITTEE FOR AEMWAOTICSaning spin.

Rudder travel t300

Against Neutral With

 II N D II N D U 'N D
a a a ab a (a)

__ __ __ __ __ ___ ____ __ __V __ _ -.- _ - -_ --_ -- --

1 3 3
__ A



Dimensional Data

(Full Scale)

b,	 ft	 .	 .	 .	 .	 . .	 . .	 .	 .	 70.00
L,	 ft .	 .	 .	 .	 . .	 . •	 •	 .	 51.20
T,	 in.	 •	 .	 .	 . .	 . .	 .	 .	 97.50
S,	 sq ft	 .	 .	 . .	 . . . .	 540.

/
00

A	 .	 .	 .	 •	 .	 .	 . .	 . . . •	 9.07
L.E. Taft L.E. Or, in. .	 6. lo
Sh, sq ft . .	 116.10
Se , sq ft	 • 32.66
Sv, sq ft 71.30
Sr, sq ft 23.10
8r, deg •	 •	 . 22.5 R, 22.5 L
Se , deg . 30 U, 20 D
ba, deg • 20 U, 15 D
6f, deg

Landing condition .	 .	 .	 .	 55 D
Take-off condition	 . •	 38.5 D

TDPF	 •	 .	 .	 .	 . •	 . .	 111 x 10-6
Landing gear	 . .	 . . .	 Tricycle

t flat
75

It ailero
79 il

,••••®	 NACA RM No. L7E15
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*^^^^	 1 -SCALE MODEL OF THE DOUGLAS XA-26 AIRPLANE

54'"

13"

es.o0"

i10. s°

4.5'
7.60"

20.48"
1191x 2.08"

. 73"

5.15"

T.L.	 I rudder hinge
2°root incidexe
/° tip incidence

Mode/ as tested.

Mass Data

Normal Loading

Ws	 lb .	 .	 •	 .	 •	 . •	 •	 •	 .	 25#730 Ix - Iy
43 x 10-^.A/— 0.284 mb

tr . . . .	 . . . .	 •	 .	 •	 -0.053
Ix, slug-ft2 	. . . .	 . •	 67,827 Iy - IZ

-1tIy, slug-ft2 	. . .	 .	 . .	 51 , 109 mb2
-163 x 10

1z' s lug-f t2	. . . . .	 115,191
Test altitude, ft .	 .	 . .	 20,000 IZ - Ix 120 x 10-4µ (at sea level) .	 .	 .	 .	 8,9 mb2	

•

µ (20,000 ft)	 . . .	 .	 .	 .	 16.7
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

For the XA-26 model, tests were conducted only for the
normal loading condition inasmubh as a comparison of the XA-26
model with the A-20 model previously tested showed the models
to be generally similar in mass and dimensional characteristics,
an indication the the spin and recovery characteristic of the
models would be similar.

In the clean condition, normal loading, normal control
configuration for spinning, the model spun steeply (a = 27 0 ) and
recoveries were satisfactory by rapid full simultaneous reversal
of rudder and elevator, by simultaneous neutralization of rudder
and elevator, or by rapid full elevator reversal, but were
unsatisfactory by rapid full rudder reversal alone. With the
elevator neutral, the spin was steep and recoveries were-satis-
factory by rapid full rudder reversal; with the elevator full
down the model would not spin. Setting the ailerons with the
spin retarded recoveries and recoveries by rapid full rudder
reversal were satisfactory only for the elevator down position;
setting the ailerons against the spin expedited recoveries.

The recovery characteriitics of the model when in the
landing condition (landing gear extended, flaps down 550) were
generally inferior to the recovery characteristics in the clean
condition; however, simultaneous reversal of rudder and elevator
led to satisfactory recoveries.

There was little difference in the general spin and recovery
characteristics of the model between the clean condition and the

take--off condition (landing gear extended, flaps down 3810).

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 
30 

SCALE MODEL OF THE DOUGLAS XA-26 AIRPLANE

rDnla as otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins]

Normal loading
Rudder-neutral
spins, normal Landing condition, normal loading Take-off condition,

normal loading

Ailerons Against Neutral With Neutral With Against Neutral With Against I Neutral With

Elevator U N D II 11	 D U N D II N D U N D U N D	 U N D U N D U N D U N D U N D
a b b b b b

a, deg 23

u o

s

i

27

2U

.39

34
a

1

20 40 32 32 --

e

a
1

- --- 26 27

lu

29 35 30 28 41 34 36 24

0

a s

26

2D

0 0.3

293

24 33

8D

0 ---

28 29
or, deg 8U 4II

0.56 
c

49

4D

0.2
265

2D

O.q4

278

2D

O.I14
73

--

--

--

-- 5D lII 4D 4D 2D 8D 7D 5D lU 2D 5D 3D
rpa . 34 -. _-- 0.49 0	 .3

278
s
1

0.43
273

0 0.3
257

s

•42

1

.42 042 0.29 0.39 .44 0.4 0.43
V, fps 398 -- --- 333 273 57 242 253 246 341 293 278

s
266 26

a
1

1

322 1 1 1
n n cl n of

1

n n
13

n 3 n n n

Turns

recovery 1 2dl 1 dll >3 2 --- -- -- '-- 24 1 3 Co oo z2 44

4

>6 75 3^ 211 c

1 3a4 22 1
e l a21

Z

12

aWandering and oscillatory spin. 	 NATKNAI AOvismy
boscillatory spin. 	 COMMITTEE FOR AEMmAOTICS
°Recovery attempted by simultaneous reversal of rudder and elevator.
dRecovery attempted by simultaneous neutralization of rudder and elevator.
ORecovery attempted by full-elevator reversal.
(model. goes into inverted spin upon recovering from erect spins.
gSteep spin.
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-SCALE MODEL OF THE BREWSTER ZA-32 AIRPLANE

b,	 ft .	 .	 • .	 . .	 • .	 .	 .	 .	 45.08
L,	 ft •	 .	 . .	 . •	 . .	 .	 .	 .	 3p'9 + 19'

c,	 in•	 .	 . •	 • •	 . .	 •	 .	 e	 118.38
S, sq ft	 . .	 . .	 . .	 . . . 425.00
A....•.••..... 4.78
L.E. c aft ' L.E• or, in.	 10.'58
Sh, sq ft . .	 • •	 • •	 .	 s	 121.78
se , sq ft . .	 . .	 . .	 .	 ..	 39.56
Sv, sq ft . •	 . .	 • e	 .	 •	 e	 47940
Sr, sq ft • •	 . •	 e .	 .	 .	 •	 16.80
br , deg e	 . •	 . .	 • . .	 25 R. 25L
b, deg.	 . .	 . ... • 25 Us 15D
eba, deg . 25 Up 20 D
Intermediate aileron deflectionss

ba ( 1/4), deg •	 . . • 51 U. 52 D

ba (1/3), deg . 82 U.	 8 D

ba (1/2), deg .	 . . . 12 U. 11 D

6f, deg .	 . .	 •	 •	 •	 .	 60
. . 108 X 10-^TDPF	 . . .	 .

Landing gear	 . .	 . . oonventibnal

Dimensional Data

(Full Scale)

T	 I
235/ °

ri dderhing

.42"

—
i

e' incidence

Mode/ as tested.

2.06"
/.89"

Z 
5.05"

_

5°incidence

•

. w

•

Mass Data

Normal Loading

W, lb . . . . . . . . . . . ... 14,790
^..... e....... 0.271
z/o ............. -0.0!45
IX, slug-ft2 . . . . . . .	 23,696
IY, slug-ft2 • . • .	 22,500
IZ , slug-ft2 . . . .	 43,5a3
Test altitude, ft e • • • •	 170000

u (at sea level • • e • • e	 10.09

A t (17,000 feet).. . . . • 	 17.12

Ig - IY 	 13 x 10-4
mb2

IY - IZ
•	 -225 x 10-4

mb2

IZ - IX	
212 X 10-4

mb2
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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•	 Resume of Model Test Results

The model spun steeply in the clean condition, normal loading,
and normal control configuration for spinning. Recoveries were
satisfactory by simultaneous reversal of rudder and elevator. With
the elevator either neutral or down, satisfactory recoveries could
be obtained by rapid full rudder reversal. Setting the ailerons
against the spin improved the recoveries of the model, whereas
setting the ailerons with the spin prolonged the recoveries of the
model from spins.

Extending mass along the wings (AIx and Alz = 0.27 Ix), along

the fuselage (Aly and AIZ = 0.29 IY), or moving the center of

gravity back 0.10c from its normal position (data not presented)
had no appreciable affect on the spin or recovery characteristics
of the model. The recovery characteristics of the model were
satisfactory when the model was ballasted to represent the airplane
without wing guns and wing gun ammunition (AIx and AIZ - -0.34 Ix

and AIy and AIZ = 0.10 Iy) except when the ailerons were with

the spin.

The steady spin and recovery characteristics of the model in
the torpedo, dive bombing, or landing conditions were, in general,
similar to the clean condition, normal loading.

Recoveries attempted by rapid full rudder reversal from inverted
spins were unsatisfactory; however, satisfactory recoveries were
obtained by rapid full rudder reversal with the controls together
(modification 1) when the horizontal tail was lowered 10 inches,
full scale from its original position. Adding area to the top of
the vertical tail (modification 2), led to inverted spin recovery
characteristics similar to those obtained with modification 1.

Increasing the rudder area approximately 4 percent by a constant
chordwise extension and varying the rudder travel had little effect
on the recovery characteristics of the model.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE -L-SCALE  MODEL OF THE BREWSTER XA-32 AIRPtAxg

[IInlsss otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins

Normal loading Rudder-against spins,
normal loads AI	 and AI	 0.291Y	 Z -	 Y

With

Ailerons Against Neutral Against Neutral With Against Neutral With1
Fall

levator II N D II N 11 D ^7ou II N D II N D II N D II R D II N D II N D D II Na f f h a s e s

deg 28 30
422

37 44 44 41 ---- - - ---- - - ---- - 38 26 28 41 39 24 38
37

43 39

deg 2D N
0

N0 2D 2D N0 0 3D 3D 2D ---- - - ---- - - ---- c -
3II

3II 4u 2D
2U

0 1D 3II 5II 3D
7D 8D 7D 7D

rpa 0.43
P P

o.44 0.67
P

0.44 0.35 0.49 0 .53 ---- - - ---- - - ---- P -
 0.37o.61 0.56 0.35 o.46 0.78 0.47 D-3410-46P.50

V, fps 319 n n 304 3o4 n 272 239 1 242 242 >3 - >33 - - -- n - 276 219 272
1

239 245 332 242 258 258 258

>3

b >3 >4

Turns

b 3
1 b 2

11 b >6 11 kl2 1'^
e2for of

of rF >7 0 e 1
-	 '4 a3 --- - - --- - - --- - 2 1 2

3

> Z- 3
1

'
1

3recovery. c 1
lZ '4,

21
2

c
5 d21 2

4
k2 2 j

d dl d1j 2
1 4 d3

2

AI	 and AI	 0.341X	 Z=-	 X Al,end AI	 -0.342 Z	 X
Dive bombing condition, dive
flaps deflected 15 u rnd 150D.

AIY and AIZ = 0.10IY AIY and Al  = .0.261Y
noal	 plus 2000 pound
intteerrnalobombg

With With

Ailerons Against Neutral Against Neutral Against Neutral With1
Full

1
FullYL 2

Elevator II N D II N U II N D II N D II N D II II N D II N D II I D II N D
s f f fm P f a (f) (f fm a) (a) o

a, deg - 30 37 -- 20 --- 32 - - ---- 4o 4o ---- ---- 23 44
37

--- ---- ---- 18 42 35 35

[2U

56

N N

47

N N0, deg - 7u 6II - lII --- 9D - - 6u 6II ---- - --- 1D 3D ^3D --- -- -
----

---- 2D 1D 2D
0 0

s s

is at
n

0 0

s s

11
n n

rps - 9.52 0. -- 0.78 --- .40 - - 0.47 ---- - --- 0-73 .35 32 --- ---- ---- ---- 0.39 0.54 0.62

V, fps - 258 226 -- 339 284 332 239 - E304239 233 >339 >339 312 33 220 --- >339 >339 ---- 272 284 272

T ors

2j

1 11 2 y

1
1

12
11

7 2
1

> 2
n

3
L 1 r+

L 12 1

1

2
1

l n

 1

- '- ---- >3 3
21

3recover 2 4 7 z L 12 14
LL 3

•••:
•

•

aOscillatory spin, where range of values is not given,
average value is presented.

bRecovery attempted by reversel of elevator alone.
°Recovery attempted by freeing both rudder and elevator.
dRecovery attempted by simultaneous reversal of rudder

and elevator.
OModel goes into inverted s pin after recovery from erect

spin.
£Steep spin.

gModel spina with increasing radius.

NATIONAL ADVISORY
hModel will spin.	 COMMITTEE FOR AERONAUTICS
'Two types of spin.

(Steeper spin also obtained.
kModsl goes into inverted glide after recovery.
L Recovery attempted before model reached final attitude.
mModel spins with large radius.
nVisusl observation.
°Variable rate of rotation, average value given.
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SPIN DATA OBTAINED WITH THE 
1 SCALE MODEL OF THE BREWSTER XA-32 AIRPLANE - Concluded

[Unless otherwise Indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full-rudder reversal from right erect spina

Dive bombing condition, dive flaps Dive bombing condition, dive flaps defledeflected	 down,30	 up and 30
lo	 plus 2000 poundnormal loading ted 400 up and 400 down„normal loading Landing condition, normal loading

bombinternal bomb Plus 2000 pound Internal bomb

Ailerons Against , Neutral With Against Neutral With Against Neutral With

II N D II N D II N D II ffi D D II N D II N D II N D N D II N D
Elevator f (a (a) 1	 1	 (s)

a, deg ----

N N

° °

8 e
p P
1 1

37 39 35' 41 44 41 -- 37 33

IT 4U
° o.
s 258 258
p
t

38 40134 51 41 38

N
0
a
p
i

N
0
a
P
i

N
0
s
p
i

37 37 42 37 36
(d, deg ---- ID lU 1D 2D 3D 3D --- 5U 3u lII lU 3D 3D ID

k4

lU 2:U 3D 1D 0
n. rps ---- 0.4 0.5 0.55 0.39 0.5 0 .55 --- 0.50 38 .47 0S4 0.40 0.47 .55 0.114 0.48 0.3 0.45 0.48
V. fps >33 264 25 252 268 239 239 ”' 261 248 251 232 242 255 239 232 232 220 227

k 13
21 n23

eqya
for L n n

>j 2 3 >4 3C
2 2

n
12 2 2z >3^ 3

n n n
3

1
22

a
3 >3

1
>32

3
recovery k4

4
_4 n

z
Is 1
3z

Rudder area increased
4.2 percent.	 Normal aOscillatory spin, where range of values

loadi b	 is not given, average value is presented
Rudder move- Rudder move- Recovery attempted by reversal of

Inverted spins, normal loading ment 230witt ment 14owi elevator alone.
to 140 to 230 .Re covery attempted by freeing both rudder
against the against the and elevator.
spin spin d

Recovery attempted by simultaneous
reversal of rudder and elevator.

eModel goes into inverted spin after
recovery from erect spin.

fgtcap

Ailerons Against Neutral With Neutral Neutral

U N D II N D II N D U N D U N DElevator (ar) (a) (a) (ar)	 (a) (ar) (f)
spin.

gModel spins with increasing radius.

a, deg 42 62 67 55 59 62 64 62 57 ____ ___ _ ___ ___ _ will spin:iModel
71 72 69 Two types of spin.

i3teeper spin also obtained.
kModel6U 6II

-

9r, deg 0 lu 0 lU
4D

0 0 1D
---- --- - --- --- - goes into inverted glide after

4D L	
recovery.

Recovery attempted before model reached
final attitude

Model spins with large radius.

a rps 0.47 1 0-57 1 0 - 70 o-47 .55 o.69 0-54,0-53,0-57 ---- --- - --- ----- -

V, fps 239 179 170 207 179 157 197 195 179 8 239 - 339 > 41 -- nVlsual observation.
374 °Variable rate of rotation, average

value given.

g PRecovery attempted in steep phase of
Turn s

21-ff 9
n
j7

9
n 1

2

nl - n
> In'

- - oscillation.

4Afterrecover y n 1 7 recovery, model enters spin in
32 opposite direction.

rWandering spin.

Modification 1, inverted spina, Modification 2, inverted aAfter recovery model goes into inverted

normal loading spin, normal loading dive.

NATIONAL ADVISORY
Ailerons Against Neutral With Against Neutral With COMMITTEE TOR AENOMMITICS

U N D U N D U N D U N U N U N
Elevator ar) (a) (a)

a, deg 37

lou

---

--- 0

46 --- 40 55 --- 54 --- --- --- --- --- --

0. deg 0 --- 6u 0 --- 2D -_' --- --- --- ---
1D

0.45

272

---

1272

8

i
1	 n

5D

12, rps 0.46 o.50 0.52 0.49 --- 0.55 --- --- --- --- --- --

V,	 fps	 1 238 1229 232 220 207 210 --- ---- --- ---- --- --

13Turns
for

1
1 --' 2 '--

4 j7 ^-' 4 --- ---- 22 --' --- -'
recovery 12 3

Modification 2
Additional An	 -I-, Additional rudder
area 2.6 sq. ft_z

///
 j ` area 2.1 sq. ft.

1	 Areas full scale)

rudder hinge

a e
•

•

e•e•
•

•

• e
•
•e
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F-SCALIE MODEL OF THE FLEETWINGS XA-39 AIRPLANE

Dimensional Data

(Full Scale)

(Values are the same for both the
original and revised designs ex-
cept where noted)

	

3.8.7 2.7/"	 (	 a--e

-¢ a%v. hinge
¢ flap hinge	 /.55'	

/6.00"
82.5 % c.	 ^

b,	 Pt	 .	 .	 .	 .	 .	 .	 .	 •	 .	 . . 55.70
L,ft..	 ... . 44.91
e,	 in.	 .	 .	 . 121.50
S,	 sq ft	 .	 .	 .	 .	 .	 .	 .	 . 513 .00
Ao	 .	 ..

	
........ 6.o4

L.E. c aftL.E.	 ar, in. 6.90
Sh, sq ft
Original design .	 .	 . . 113.10
Revised design	 .	 .	 .	 . 110.00

Se, sq ft
Original design .	 .	 . . . 39.55
Revised design	 . . .	 . 26.30

Sv, sq ft
Original design . 	 . .	 . 63.00
Revised design	 .	 .	 .	 . . 50.42

Sr , sq ft
Original design .	 .	 .	 . ..25.20
Revised design	 .	 .	 .	 . .	 18.81

br ,	 deg .	 .	 .	 .	 .	 .	 .	 25 R, 25 L
Se,	 deg .	 .	 .	 .	 .	 .	 .	 25 U, 25 D
S a,	 deg .	 .	 .	 .	 .	 20 U, 20 D
bf, deg (take-off cond.) .	 . 30 D

(landing cond.) .	 . 50 D

TDPF
Original design . . 428 x 10-6
Revised design . . 145 x 10-6

landing gear	 . Conventional

Blass Data

1i:__

ileron hinge
83.3 % c	 6.39 	 y

33.42"

T.

T.L.-.

incidence '	 rudp(4r
hinge

Revised design
Mode/ as tested.

Origin°/

Revised

thrust	 _	 ."over hinge

Normal Loading

( Original Design)

X11,	 lb	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 16,160
x/c	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 . 0. 264
Oc	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 -0.045
IX,	 slug- f t2 	.	 .	 .	 . .	 .	 21,180
Iy,	 slug-ft2 	.	 .	 .	 . .	 .	 26,700
IZ,	 slug-ft2 	.	 .	 .	 . .	 .	 45,870
Test altitude, ft .	 . .	 .	 201000

4 (at sea level)	 .	 . .	 .	 .	 7.40

W (20,000 ft)	 .	 .	 . .	 .	 .	 13.89

IX 
-2Iy . . . . . . . -35 x '10-4

mb

Iy -2 IZ . . . . . . . .123 x 10
-4 .

mb
IZ - IX	

158 x 10-4
mb

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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(Revised Design)

w,	 lb	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 17,942
x/6	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 . 0.313
z/6 	.	

.•	
.	 .	 .	 . .	 .	 -0.047

Ix, slug-ft2 	.	 .	 .	 . .	 .	 22,298

Iy, slug-ft2 	.	 .	 .	 . .	 .	 33,837
IZ , slug-ft2 .	 .	 .	 . .	 .	 55,253
Test altitude, ft . . .	 .	 20,000
µ (at sea level)	 . . .	 .	 .	 8.22
µ`	 (20,000 ft)	 ..	 .	 . .	 .	 . 15.15

Imo.--. I1 . . . . . . . -67 x 10-4
mb2

Iy - IZ	
-124 x 10-4

mb2

-
 IX . . . . . . . 191 x 10 -4
mb2

Resume' of Model Test Results

In the clean condition with the original normal loading and tail
design, or with the revised normal loading and tail design, the recovery
characteristics of the model were satisfactory.

Extending mass along the wings (AI X and AIZ equal approximately

0.30 Ix) for both tail designs caused recoveries from aileron-with spins
to be unsatisfactory. Retracting mass along the wings (AIx and AI Z = 0.083

extending mess along the fuselage (AIy and AI Z = 0.19 Iy), or moving

the center of gravity 0.106 forward or 0.066 rearward from its original
position had no appreciable affect on the satisfactory recovery character-
istics for the model equipped with the original tail.

For the landing condition (model equipped with the revised tail),
unsatisfactory recoveries were obtained only when the ailerons were
against the spin with the elevator either neutral or down.

Recoveries by rapid full rudder reversal were satisfactory from
all inverted spins obtained.	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE *-SCALE MODEL OF TBE FLEETWINOB U-39 AIRPLANE

[Unless otherwise indioated, steady-spin data are for rudder-with spine of the model in the clean condition with
the original tail design and recoveries were attempted by rapid full rudder reversal from right erect spine]

Original normal loading
AIg	 and	 AIy = 0.281

(from original normal loading)
AIX	 and	 AIZ = -0.083 Ix

(from original normal loading)

Against
Ailerons Against Neutral With Neutral With Against Neutral With1

Full ^

Elevator ( a) (ab) (a) ( a) (s) ( b) (s) ( ab) (a) (a)
a, deg

N
o

s

N
0

a

N
0

p

----

N
0

e

N
0

a

---- ---- ---

N
0

a

N
0

s

N
0

e

N
0

a

----

N
°

a

N
c

a

N
a

a

---- 40 40

N
0

s

N
0

a

N
0

e

----

N
0

a

N
0

s

---- '--- ----

deg ---- ---- ---- ---- ---- ---- SO 5U ---- ---- --• ----

rpa
--- ---- 0.490.50 -'-•

375

---- --- ----

V, fps 37b 300 7375 375 375 265 215 215 350 7 YS
P
i
n

D
i
n

P
1
n

P
1
n-

P
1
n

P
1
n

P
1
n

P
1
n

P
1
n

P
1
n

P
1
n

P
1
n

P
1
n

P
1
n

P
S
n

P
1
n

P
1
nTurn"

for ^_-- __-- -.-_ ___. c3
E 3

1 cl cll a l
12

a3

recovery 4
32 g 2 4

AIy	 and	 AIZ = 0.19 Iy e.g. moved forward 0.100
(from original normal loading) (from original normal loading)

Against With
Ailerons Against Neutral With Neutral

Full
2 S

Fall

II N D U N D U N D II N D II II 17 U N D NElevator
(a) (a) (a)

deg

(ab) (a) (a) (a) (a) (ab) (a) (c)

a, dog __--

N

"

i

28 2b

N
0

a

i'-

N
0

a

i

N

e

1

N

e

1

-_-_

N
0

a

S

N
0

e

1

N

a

1

-...  ''-_ '--' ''--

---- IOU	 ---- ---- 4U ---- ..• --•- "-- ---- --- ---- ----

rPe •••• •___ ___- ---- 0.73 3333 .-. - --- '---
7S

___'

fDD

---_ _... ---_

V, fps 375 274 7375 >375 304 350 375 75 7 3300 7300 7370 7370

cl cl cl
Turns
for al n

3
cl cl 1 cl c3

01
n n n n 4 n n n

...- all lg
2

recovery g 3 2
4

e.g. moved back 0 .060 Revised design
(from original normal loading) Revised design, revised normal loading AIR	 and	 AIy = 0.35 Iz

Ailerons Against Neutral With
Against

Neutral
With

Against Neutral With

Full 1 1 1 1 Full

U N D U N
14Elevator (8} 

I
(a) (ab) (a) ( a) (a) (ab) (a) (a) e^	 (a) (b) (b)

o o o

•- - _- 22 __ _• '_

0 0

s a

N
0 0

e s
p

----

N N
0 0

s

N
0

N

---- '--- ----

N
0

N
0

p
a

----
----

_._.
N
o7375

s

N N
0 0

as

---- 36 36

--.- ---- 11II ---- ---- --. ---_ -_-- -.-- .--- ---- 719 7D
r

0.73 -•__ ---- --- _--- _ ___. _... 0.52 0.

>375  313 7300 370 370 >37S 0 7300 7375 7375 7300 238 23

rl

1 c 

2i i i
p

i
p a4

1 S i i cal c12 1 1 1 1 1
for n n a

c3
1

0 1
1

c3 al
n n n n n n 2T c2 n n n	 cl n n c4

2
f4

recovery 4 $ 4 2 2 4

y i ed2 c,312
c, 1

Revised design - landing condition, Revised design - take-off Revised design - inverted spins,
revised normal loading condition, revised normal loading revised normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U N D U N D U
(b)

N
(ab)

D
(ab)

U	 N D
e) (ab) N s) ( b) (b) (a) (b) (a) (ab) (ab) (ab)

a, deb

N
o

a
p
i

N
0

a
p
1

N
0

e
p
1

N-
^0

a
p
1

N
0

a
p
1

N
0

a
P
1

-' -' -.

N	 N
0	 0

s	 a
P	 p
1	 1

N
0

a
p
1

N
0

s
P
1

N
0

a
P
1

- --- ----

N
0

a
P
1

N
0

a.
PS

N	
----

0	 -

a	 >320
P1

--- ---

N
0

s
p
1

- -- --- ----

^, deg --- --- ---' --'
----

----
777 -777

---- --°._'-

as rps --- --- ---- ---- ---- ---- ---- --- ---- ---- ---_ ___

V	 fps '730C 735C 7320 ;1350 300 320 375 7360 320 7350 73

Turns c 112 c 13rd c3 11z c l1^
for n n n n n n n	 n n c 

3
n n

3 012
n n n

c1
n

c2 02 c2recovery a2 a>6 aa5 4 2 C2 

aSteep spin, vertical velocity too high to teat.	 NATIONAL ADVISORY

bWandering and oscillatory spin.	 CONNITTEE FOR AERONAUTICS

cRecovery attempted before final steep attitude was attained.
dRecovery attempted by neutralizing the rudder.
eModel recovers of its own accord from spin due to initial launching,

then goes into an inverted dive.
fAtodel recovers in an Inverted dive.

•

•
•
•

•

•

•
•

•
•



Dimensional Data

( Pull Scale)

b,	 ft .	 .	 .	 .	 •	 .	 . .	 . .	 . 54900
L,	 ft	 .	 .	 .	 .	 .	 • .	 .	 .	 . 48.66
cs,	 in.	 .	 .	 .	 .	 .	 . .	 ..	 133.86
S,	 sq ft	 . .	 .	 .	 . ..	 . : 544.00
A.	 •	 .	 •	 .	 .	 .	 .	 . .	 .	 .	 .	 5.36
L. E. c aft L. E. or, in.	 .	 .	 .	 •	 0
Sh,	 sq ft .	 •	 .	 .	 . .	 .	 130902

Se ,	 sq ft .	 .	 .	 •	 . .	 .	 • 14.80
So,	 sq ft .	 .	 .	 .	 • .	 .	 . 59.02

Sr ,	 sq ft .	 .	 .	 .	 . .	 .	 . 23.00

br , deg •	 .	 .	 •	 .	 . .	 30 R, 30 L
8e ,	 deg .	 •	 •	 .	 •	 . .	 30 U, 25 D
Sa, deg .	 .	 •	 .	 •	 . .	 20 U, 20 D
8a, deg (revised

deflection) . . .	 30 U, 10 D
8f, deg .	 .	 .	 .	 .	 . .	 .	 •	 45 D
TDPF	 .	 .	 .	 .	 .	 .	 . . 1017 x 10-6
Landing gear	 . . . . Retractable

NACA RM No. LM5,

'--SCALE MODEL OF THE CONSOLIDATED WLTEE XA-41 AIRPLANE
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AT.L.

incideNnye

Mode/ as tes ted.

Mass Data

Normal Loading

Wo lb . . • . . . • . . . 18, 800
x/6 . . . . . . . . . . . . 0.230
t./Ci . . . . . . . . . . . . 0.050
Ix, slug-ft2 . . . . . . 21,655
Iy. slug-ft2 . . . . . . 14,586
Ig, slug-ft2 . . . . . . 63,263
Test altitude, ft . . . . 15,000
µ (at sea level) . . . . . 8.37

(15, 000 ft) . . . . . . . 13.29

Ix - Iy	
-13Z, x 10"4

mb2
Iy - IZ .	

-110 x 10"4
mb2

I-Z --- IX. . . . . . . 244 x 10"4
mb2

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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• •
Maximum Gross Weight Loading

W,	 lb	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 24,197
x^d	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 . 0.260
z /c	 .	 .

• 	.
	 .	 .	 . .	 .	 . 0.020

Ig, slug-f t2 	.	 .	 .	 . .	 .	 33,728
Iy, slug-f t2	 .	 .	 .	 . .	 .	 46.0848
IZ , slug-f t2	 .	 .	 .	 . .	 .	 76,914
Test altitude, ft . . .	 .	 15,000
µ (at sea level)	 .	 ., .	 .	 . 10.73
µ°	 (15,000 ft)	 .	 .	 . .	 .	 . 17.09

Ig IY .	 . -60 x lo-4
mb2

ly -IZ	 . -137 x 10-4
mb2

TZ - Ig	
197 x 10-4

mb2

Re'sums" of Model Test Results

For erect spins of the model, satisfactory recoveries by rapid full
rudder reversal were obtained for the normal and mazimum gross weight
loadings, for the normal loading with the center of gravity moved rear
ward. 0.108 from its normal position, and for the landing condition (flaps
down 450, landing gear extended) and bombing condition. Recoveries from
inverted spins were also satisfactory.

A change in aileron deflection from 120 0 to 300 up and 100 down did
not alter the recovery characteristics of the model.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTIC!
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i $PIN DATA OBTAINED WITH THE 	 4CALE MODEL OF THE CONSOLIDATED vULTEE EA-41 AIRPLANE• :

•• ••^• [Unless otherwise indicated, steady-spin data are for rudder-with spin of the model in the clean
condition and recoveries are attempted by rapid full rudder reversal from right erect spina]•

^••••• Normal loadingg
Naximum gross weight, weight

loading (24,197)•	 s

Against
• •	 • Ailerons Neutral With	 Against	 Neutral	 With• • Full
•	 •

Elevator U N D U U N N D U N D U N D U N D U N D
(a) (a) (b) (ab) (a) (a) (a) (a)

a,,deg --- 38
.

44 29 --1 ^8 1p 23 --- --- 17 --- 32 30 --- 33 32 --- --- ---

0, deg --- 6u 6u 6D --- 4D llu lU -=- --- 0 --- 0 lU --- 2D SD

V, fps >319 226 2011 3111 272 221 1
29* 11 278 272 1 >3391 339 3391 2911 2721 339 284 -,; , 1>272>272 >375 >37"

cr1

1 22
e

1 1 1 1 c2 2 r} 1 12 1 1 1 1 al ef4

Turns

recovery 12
>12 11d l d121

II^	 I	
e.g. moved back O.lOa	 Fnormal loading	 l	 Lnormal loading °,

'Ailerons IAgainst	 I Neutral	 I	 With	 I Against I Neutral I With I	 Against	 Neutral With

Elevator II
( a )

N'
( 8 )

D
( 8 )

U
( g )

N D
(a)

II
( a )

N
( 8 )

D U
(h)

N D U
(h)

N D	 U
(hi)

ND U
(h )

U
(	 )

N D U N D	 U
3

a, deg --- 32
32

--- --- --- --- --- --- 43 50 49 37 44 N	 .-- NN 39 N 44 44 N N N ---
0

s	
---

  ---

1	 213
n	 I

1,

00

a

p
1 1
n

0

s
p

1
n

0

s

p
i

n

0

s

p
1

n

0

s	
--

p ---

i	 2	 i

n	 3

0, deg ---
1D

9D

9u
6D --- --- --- --- --- --- 5u 4U 4U 2D 0  6U 4II 4II

n, rps --- 0.45 -4 --- --- I --- --- --- --- •33 0.39 0-39 1 0 -310-40 1p 0.32 0.390.117

V, fps 272 272 239 3 04 >3041 339 239 >272 >339 207 194 194 201 1 4 207 194 201

Turns 1
1

1
12

1
T1

°1
l 1 01

2
°1

2
1

12
1

22
1

3 11 2 1,
1
4

l
24 3

for
recovery

2 2
0 11

4
4 1

Bombing condition (bomb-bay doors	 Inverted s ins, normal loads	 aopen), normal loading	 p	 n8	 oscillatory spin; where
range of values is not

Ailerons	 Against	 Neutral	 With	 Against	 Neutral	 With	 given, average value
is presented.

Elevator- U N D U	 N D	 U	 N	 D U N D U N D	 U	 N D	 bTwo types of spin.i	 (I)	 (1)	 °Recovery attempted before
a, deg	 --- 44 42 --- --- 21 --- --- --- N 29 32 --- 8 30 --- --- --- model attained final

0, deg	 --- SU 6U -=- --- lU --- --- --- ° 0 0 --- 6D 1D --- --- -_- dattitude.

R, rps	 --- 0 - 3 c0.	 --- 0.8 --- --- --- s 0.1160. --- 0.500.6	 --- neutralizingetheerudder.

V, fps	 304 220 13 271 346 339 > 272 X339 339 P 272 261 72 28 84 >3 19 >339 >304 sreversingathemruddery
c	 1 L	 L	 Z 01	 cd	 ct	 from 300 with to 200Turns for lL14 1 1	 1 kl 01	1 cll n	 'L	 1	 1 1	 1	 1	

against the s in.recovery 2 	 1L -T 2	 4	 2	 4	 2 4 2 2	 2	 2 2	 g	 p

(Model enters left inverted
spin after recovery.

Dorsal fin and radio loop installed on model, normal loading 	 gModel spins in large

Against	 With	
radius with slow rotation.

Ailerons	 Neutral	 hModel spins with slow
300 U, 10 0 D 200 U, 200 D	 200 U, 200 D	 300 V, 100 D	 rotation.

Elevator	 U	 N	 D	 U	 N	 D	 U	 N	 D	
U	 N	 D	 U	 N	 D iWandering and oscillatory

(1)	 (g)	 (1)	 (1)	 (1)	 spin.

CL, deg	 --- 26	 29	 28 29	 38 --- 23	 25	 --- --- ---	 --- ---	 JTWO conditions possible.

deg	 °'	 0	 0 5DI 2D 5U °- 1D 2U -'- --- °- °- -'-
N kVisual observation.

o ZModel recovers from
n' rps	 --- 0.60 0.57 0.37 .43 .119 --- 0.60 0.58 --- --- --- 	 --	 ---	 inverted spin, rolls

	

s	 over, and begins erect
V fps	 >304 285 265 284 265 239 >3251 336 298 >304 >374 >374 265 >360 p	 spin.

Turns	
02	

4	
1	

4	 11 1 c2 l2 c>1 al	al >1I el	 nfor	 2 2
recovery	 17 	 4

NATIONAL ADVISORY
CONNITTEE FOR AERONAUTICS
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125-SCALE MODEL OF THE BREWSTER XSB2A-1 AIRPLANE
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•	 Dimensional Data
•

	•'	 (Full scale)

	

•	 it e%v. hinge	 ,,,,, N

/3z"

f/op hinge 2 p
Bat Chard

I

4.8b	 !0/^

aileron hinge
75,E Chad	 ! 368°

b, ft	 .	 .	 .	 . .	 .	 .	 .	 . . 47.00
L, ft	 .	 .	 .	 . .	 .	 .	 .	 . .	 38.,02
T. in..	 .	 .	 . .	 .	 .	 .	 . 101. 24
S, sq ft	 .	 . .	 .	 .	 .	 . 379.20
A. .	 .	 .	 .	 . .	 .	 .	 .	 . .	 5.83
L.E. Taft L. E. c r , in .	 5.05
Sh, sq ft	 .	 . .	 .	 .	 .	 . . 74.20
Se, sq ft .	 . .	 .	 .	 .	 . . 33.90
Sv, sq ft	 .	 . .	 .	 .	 .	 . . 30.00

Sr, sq ft .	 . .	 .	 .	 .	 . .	 16.40
6e , deg	 .	 .	 . .	 .	 .	 30 R, 30 L
6e, deg .	 .	 . .	 .	 .	 30 U, 20 D
6a , deg .	 .	 . .	 .	 .	 30 U,	 15 D
6 f, deg (diving cond.) 60 U, 60 D
6f, deg (landing cond .)	 . .	 60 D
TDPF	 .	 .	 .	 . .	 .	 .	 313 x 10-6
Landing gear . .	 Conventional

IX - IY . . . . . . . —168 X 10

mb2

Iy - IZ	.	 —114 X 10

mb2

I 	 IX, . . . . . . 282x10!

mb2

Mass Data

Normal Loading

W, lb . . . . . . . . .	 10,112
x/c ..........	 0.257
z/T . . .	 .	 0.025
IX, slug-ft2	 8, 874
Iy^slug-ft2 . . . . . . 20,51x4

IZ v Slug-ft2 . . . . . . 28,L43
Test altitude, ft . . . 10,000
4 (at sea level) . . .	 7.43
4 1 ( at 10,000 ft) . .	 10.08

NATIONAL ADVISORY
COMMITTEE FOR AERONAMTIGS
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Resume of Model Test Results
.	 e

	

'.:	 For the normal loading, clean condition, normal control
configuration for spinning, the spin was oscillatory and the
model had a high rate of descent. Recovery by rapid full rudder
reversal or by simultaneous reversal of the elevator and rudder

was satisfactory 13 turn and 
1 

turn, respectively 1. When the

elevator was set f
\\\\
ull down before reversing the rudder, the spin

was flattened, the vertical velocity was decreased, and recovery

became unsatisfactory (3r'.!: turn). Setting the ailerons against

the spin had little effect on 
/
the recovery characteristics of the

model, whereas setting the ailerons with the spin expedited
recoveries.

Extending the mass along the wings (AIx and AIZ - 0.30 Ig),

extending the mass along the fuselage (Aly and AIZ = 0.15 Iy), or

moving the center-of gravity forward 0.03c or rearward 0.05c-
from its normal position (data not presented) generally had
little effect upon the spin and recovery characteristics of the
model. The installation of two scaled-down 100-pound bombs on
the wings of the model had little effect on the recovery charac-
teristics of the model (data not presented).

For the normal fighting condition (gun turret raised), the
recovery characteristics of the model were similar to the recovery
characteristics for the normal-loading clean condition.

For the normal diving condition (split dive flaps 600 up
and 600 down, and gun turret raised), for the normal-loading
condition with the landing flaps 60 0 down and canopy open, or
for the landing condition (landing gear extended, landing flaps
down 600), the model generally would not spin for any elevator-up
settings. For the elevator-down settings, recoveries obtained by
rapid full rudder reversal were satisfactory only when the
ailerons were with the spin.

The model would spin inverted for stick forward and to the
left. Recovery by rapid full rudder reversal was satisfactory
(data not presented).

NATIONAL
COUNff E IMIR AEIfORAYTKS.
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SPIN DATA OflTAINED WITH THE 
IIrSCALE MODEL OF THE BREWSTER XSB2A-1 AIRPLANE

^nless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right-erect spins]

Normal loading Rudder neutral spins,
normal loadIn

Against With

Full 14, U, 10 0D 1 II 10 0D FullAilerons Neutral Against Neutral With

Elevator U 1000 50U N D U N D U 15°II	 5°U N D U N D II N D U N D U N D U N D
a ab ac (ad) (ac)

a, deg ----- --- 28 43 50 --- 51 51 ---- 39	 44 45 45 ---- ---- 22 ---- ---- 23 N N
O O

S SP P
1 1n n

44 N N

S Sp P
1 1n n

45 N
0

S
P
1
n

N
0

3
P
1
n

N
0

S
p
1
n

deg --------- 9D 6II 5U --- 3U 4U,---- 4D	 0 lU 0 ---- ---- 2D ---- -- -- 1D 7U 0

R, rps ---- -- 41 ^ .38 . --- . 0.36 0.38 ---- .30 .35 .36 .39 ---- ---- .71 ---- ---- 0.73 .39

161

0.39

V, fps ---- 24 23 16 152 ---- . 155 152 ---- 184 177 le8 159 ---- ---- 239 --- - ---- 239 157

Turns
for ---- - _ 1 1L 3

-- 2 1 1	 11^ 2 Z4 __-- -"- 3 -_" "-- 3 glT g4
recbvery $ -4 33 e1 f4 f>8 g2t

Effects of mass variations Recovery characteristics for the fighting
on turns for recovery and diving conditions, normal loading 	 -

Ailerons Against Neutral With Ailerons Against Neutral With

Elevator U N D U N D U N D Elevator U N D II N D II N D

IX and AIZ = 0.30 b 721 2 1t' 2.E _4 2j 4 Fighting condition( Fighting c 1^ 2 ^ 2 2^ b b^ c^
- ---

 turret raised) -
--

IY and AIZ = 0.157Y b- 14 ,4
b l 3 j d-- c -- a--- Diving condition h-- 3 5

h--- ac -- h b c

Canopy open, lower flaps down
600 , normal loading

Landing condition, normal loading aHigh vertical velocity.
bWandering spin.
°Oscillatory spin.

Ailerons Against Neutral I	 With Against Neutral With -pandering and oscillatory spin.
eRecovery attempted by simultaneous reversal

f	
of rudder and elevator.

Recovery attempted by neutralizing the
rudder.

gRecovery attempted by moving the rudder
from neutral to full against the spin.

hNo

Elevator II I I D U N D U N D U N D V N D U N D

a, deg N
0

- 52 N
0

- 47 N
0

-- H
0

N
0

44 48 - ---- 44 N
o

-- 14

deg
$
p
1
n

5II
$
p
i
n

1D
S
p
1
n

--
--
--

S
p
i
n

S

1
n

7U 4II. - -	 - 1D
$
p
1
n

- -
3D spin.

NATIONAL AMVtMY
COMMITTEE FOR AEROMAUTKS0. rps - O-3e -- 0.3 p 0.34 0.36 -------- 0.3 -- 0.67

V	 f s - 138 -- 145 157 145 - ----	 152 -- 248

Turns 4 3
3 1 1

for - 9 __ --



Dimensional Data

(Full Scale)

b, ft	 .	 .	 .	 .	 .	 .	 .	 .	 . . . 50.00
L, ft 35.35
c, in.	 .	 .	 .	 .	 .	 .	 .	 . . 109.30
S, sq ft	 . 122.00
A .. ,

+	
....... 5.92

L.E. c aftL.E. cr , in. . .	 0.70
Sh , sq	 ft	 .	 .	 .	 .	 .	 .	 . . . 82.80
Se, sq	 ft	 .	 .	 .	 .	 .	 .	 . . . 30.60
So , sq	 ft	 .	 .	 .	 .	 .	 .	 . . . 30.20
Sr, sq	 ft	 .	 .	 .	 .	 .	 .	 . . .	 17.00
br, deg	 .	 .	 .	 .	 .	 .	 . 30 R, 30. L
be, deg	 .	 .	 .	 .	 .	 .	 , 35 U, 20 D
ba , deg	 .	 .	 .	 .	 .	 .	 . 35 U, 20 D
6a, deg (112 stick)	 . 14 U, 11 D
6 f , deg (landing cond.,

lower flap)	 .	 .	 .	 . . .	 60 D
6 f , deg (diving cond.,

split flaps) 60 U, 60 D

TDPF	 .	 .	 .	 .	 , 69 x	 10-6
Landing gear	 .	 Conventional

T.L.

-udder
hinge

NACA RM No. L7E 15 -
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2
0 -SCALE MODEL OF THE CURTISS XSB2C-1 AIRPLANE

•
•
•
I

elev. hinge

T
4.49

.3.04"
---^---

/.89"	 /—do2..
/07" /.20"	 G&04'^/

x-75"

 720"

/.00	 ,— Slat4.40 — 	4.37'	 £ai/eron hinge
4 P/ap hinge

29.84

Mode/ as tested.

Mass Data

Normal Loading

W,	 lb	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 10,189
x^ .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 0.229
Z/F 0.010
ix,	 ;Iug-ft2*	.	 .	 .	 . .	 .	 .	 8150

Iy, Slug-ft 2
2

•	 13,475
IZ,	 slug-ft	 .	 .	 .	 . .	 .	 20,47.0
Test altitude,	 ft .	 . .	 .	 10,000
µ Eat sea leve 1)	 .	 . .	 .	 .	 6.31
µ (10,000 ft)	 .	 .	 .	 . .	 .	 .	 8 . 55

IX - Iy	
-68 x 10-4

mb2

Iy - IZ	 ,	 -88 x 10 -4
mb2

IZ - IX	
156 x 10-4

mb2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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~e/sume)of Model Test Results 

In the clean condition, nonnal loading, normal control 
configuration for spinning, the model spun at a moderately 
steep angle of attack (a = 39O) and satisfactory recoveries 
(<2 turns) could be obtained only by simultaneous reversal of 
rudder eLnd elevator. With the elevator either neutral or down, 
recoveries were unsatisfactory when attempted by rapid full 

rudder reversal 4- turns and 4 tarns, respectively) Setting ,( ; 
the ailerons partly or fully with the spin steepened the spin 
and satisfactory rec,overiee were obtained, whereas setting the 
ailerons partly or fWly against the spin flattened the spin 
and, in ,gen'eral, unsatisfactory recoveries were obtained. 

Extendhg mass along the wings (ATx and Hz = 0.40 I=) 
reversed the aileron effect, whereas extending mass along the 
fuselage (ay an8 hIZ = 0.40 Iy) accentuated the adverse 
effect of setting ailerons against the spin. 

Opening the rear cockpit ( fighting condition) had little 
effect on the recovery characteristics of the model. 

With the model in the diviw condition ( split flaps 60' 
up and 60' down, and rear cockpit open), or landing condition 
(landing gear extended, slots and cockpit open, and flaps 
down 60°), the recovery characteristics of the model were 
unsatisfactory. For the landing condition, raising the flaps 
( slots open, cockpits open, and the landing gear extended) 
did not improve the recovery characteristics of the model. 

For inverted spins, the recovery characteristics of the model 
were sat i sf ac tory. 

The addition of ventral fins and +der extensions 
(modifications 1 to 4, inclusive) improved the recovery 
characteristics of the model. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTALIYED WITH THE ^-SCALE MODEL OF THE CURTISS XSB2C-1 AIRPLANE

(Waless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins I

Normal loading AIX and	 41z = o .40 IX AIy and AIz = 0.40 I Y

Against With
Ailerons Neutral Against Neutral With Against Nautr With

Pull
_

Full

U N D II N D U N D	 U N D II A D II N D II N D II N D U N D II N D U N D
Elevator (a) (d)

a, deg 43 48 49 45 49 48 39 46 47 23	 28 - 21 24 ---

N

¢

P
1

N

¢

P
1

-- --

N

¢

 
B
i

-- - - - - - - -- -- -- -- -

jd	 deg jU 5U 4U 5U 6U 7U 1D 3II 3v' N 2D 2U --- 5D 0 - -- ---

A. rps .37 0.4 .4 0.3 0.45 0.47 .41 .46 50 ¢ 0.69	 0.7 -- 0.7 0. 74 -- -- --- -- -- - - -- - - ----- -- '- -
V' fps 176 158 148 178 158 154 182 164 160 P 251	 211 -- 266 229 -- ------

2 1

Turns
for

2
1 7 22 1

5z

1
4

4g
n

4 1
12

1
12 -- 1

1
--

n n n

4 4
7,

recovery bl 13 bl c e lZ 3 3 co.
4

6
.9

-- --
CD

m

>5

Diving conditio n, normal loadingRear cockpit open, normal loading Landing condition, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U N D II N D	 U N D U N D U N D U	 N D	 U N D U N D II N D

a, dog 41 46 46 39 42 41 19. 24 51 52 53 46 49 48 40 57 58 56 56 53 47 48
0, deg 4II 4II . 4II 2D jII 4U	 o 2D 2D 4II 4II jII 3II 1U 3II o	 4D o	 1D 3D 2D 3D 4D 4D lOD c o
A. rya 0.38 0. 0 0.4 0.47 0.50	 0.75

262

0.73 0.36 0.45 0.46 0.36 0.44

1 36	 158

0.46 0.43 0.37 0.)^4 0.45 0.36 0.45

146

0.46 0.35 e a
p p
i i

V, fps 172 158 152 180 164 16o p 204 152 140 144 144 158
1

P 142 134	 130 138 136 152
1 1
n n n m I

00

n n
Turns
for

1
2-

1
52

64 344
1

52
1
Z

1
1

1
6t to 3t

1
TZ

1
8^

1
32

CD

cc

m

82
6j

recovery 4 1 b^ b7 b21
2

Slots open, cockDits open,
landing gear extended,

Inverted spins, Effect of tail modifications on turns for recovery,
normal loadin

normal loading for ailerons against, elevator-down spins,g	 P
normal loading

Ailerons Against Neutral I	 With Against Neutral With

Condition Clean LandingElevator
U N D II I	 N D U N D U N 1 D U N D U

a
N
a

D

a, deg 54 56 5 6 51 53 54
N N N N N N

'-
- N N

'- -' -- modification 1 2 3 4
0, deg 2D 2D jD 70 6D 5D

_- -_ -
0

s
n

0

s
P

0

a
p

0

e
p

0

s
P

0

e
p

^-

0

a
P

o

a -
o

Turns for
recover

1
2 2 2-rpm 0.330.450.4 x390.450.47 --

156 14o 138 160 llyo 140
awandering and oscillatory spin.

fpsV,
3
n

1
n

1
n

1
n

1
r

1
n

--
1
n

1
n

-- -- "- bRe covert' attempted by simultaneous reversal of
rudder and elevator.

1 ¢Recover
'Purrs
for

recovery
^ ao w m w ao -- -- --

z dSteep
at tem ted b	 rudder neutralization.y	 P	 y

spin, high vertical velocity.
NATIONAL A•ASW

COMOTTEE

.Mao avti ns /. 2.3 and 4

Area 3 is portion
of area / and arcw2
back of rudder hinge
Awe.

Areas N11 =4
Mod. / - 15 s¢ ft
Mod.2 -3.0 sq. ft
Mod. 3 -2.8 sq.&
Moe! 4 -114 sq ft

•

•

•
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Dimensional Data

(Full Scale)

b, ft	 .	 .	 .	 .	 .-	 .	 .	 .	 .	 . e 50.00

L. ft	 .	 .	 .	 ..	 .	 .	 .	 .	 . . 33.61
c, in. 109.30
S, sq ft	 • 422.00
A . .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 5.92
Sh, sq ft	 .	 .	 .	 .	 .	 .	 . 107.40
Se , sq ft .	 .	 .	 . 35.94
Sv , sq ft	 .	 .	 .	 .	 .	 .	 .	 . . 45.70
Sr , sq ft	 .	 .	 •	 .	 .	 •	 .	 . . 23.58
br , deg	 .	 .	 .	 .	 .	 .	 .	 25 R, 25 L

b e , deg	 .	 •	 .	 •	 .	 .	 .	 35 U, 20 D
ba, deg	 .	 .	 .	 .	 .	 .	 .	 20 U, 10 D
b f , deg ( landing cond.) . .	 60 D

(diving cond.) U, 30 D^O
(take-off cond. .	 30 b

TDPF	 .	 .	 .	 .	 .	 . .	 .	 140 x 10-6
Landing gear	 . . .	 Conventional

s
r

•
r
•
e

•
e•
•

••

—30.00"

60

Mode/ as tested.

--^ 4.40"E—
l aileron hinge
flop hinge

(der
re

NACA RM No. L7E16
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Mass Data

Normal Loading

W, lb	 12,677
,;/ • • • e . • • • • • • • 0.284
z/-i • • • e • . . . . • • . 0.009
IX, slug-ft2 . . . . . . 12,410
Iy, slug-ft2 . . . . . . 18,460
IZ, slug-ft2 . . . . . . 29,300
Test altitude, ft . . . . 10,000
µ (at sea level)	 . . . 7.85
µ' ( 10, 000 ft) 	 . . . 10.43

I-X -- Y	 -62 x 10-^#

mb2

I-----	 •	 -113 x 10-
4

mb2
IZ Ix	

175 x 10-4
mb2

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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•••:	 Resume of Model Test Results

Preliminary tests revealed a difference between right and
left spin recovery characteristics of the model. Apparently
asymmetry of the model caused the differences in spin charac-

teristics, as additional tests indicated that a fin offset of 120
was not the primary cause of the variations of recovery charac-
teristics between right and left spins.

In general, for either right or left spins for all loadings
and control settings tested, the recovery characteristics of the
model were unsatisfactory. In an attempt to improve the recovery
characteristics of the model the horizontal tail was raised
20 inches, full scale (modification 1). Satisfactory recoveries
were obtained when the elevators were full up with the ailerons
neutral or with the spin. For other aileron-elevator settings,
recoveries were unsatisfactory. The addition of large antispin
fillets (modification 2) slightly improved the recovery charac-
teristics of the model although recoveries were still unsatis-
factory for elevator .up spins. Smaller antispin fillets
(modification 3) had no effect. Adding a small area to the
bottom of the rudder (modification 4) did not improve the
recovery characteristics of the model appreciably (data not
presented) .	

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 2a-SCALE MODEL OF THE CURTISS SB2C-1 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from erect spina

Normal loading, left spin AI	 andX AI	 = 0.252Z	 X aSteeper spin also obtainable,

et f	 spin recovery may be rapid.

cSteep oscil spin.
Steep oscillatory so1r..

Ailerons Neutral Against
35°II

Neutral With
3 O 20 U 20°U 350II
200D ° ° 200D 20OD

35oII
200D dModel goes into inverted spin

upon recovery.Elevator D D II N	 D U N D II D II D	 U N D II N D U D
(e) (b) (a) (c) (e) (a) (b)

£Two types of spin.

Wandering and oscillatory spin.
ggteep spin.
hNo-spin condition also obtainable.

ering spin.

ade 48 55 53- 56 46 -	 - --- 46 1 - 48	 ti ---- ---- 46 - - --- ----

de BII 5II 5II -	 4U 2U - - --- 0 1 - o2D ---- ---- 3U - - --- ----

0.37 1 -
S

Il	 rpm 0.36 0.45 .46 0.36
--

- 0.47	 P 0.43 0.46 0.38 - - --- 0.46
JStee

Steeper oscillatory spin also
V, fps 179 157  176 -	 - --- 176 -. 160	 n 163 160 182 - - --- 160 obtainable.

Turns
for 2 7 4

17t-15

5  d7 4 6+z 3 - - --- 7
recovery

6IX and AIZ = -0.25 IXs left spin aIY and AIZ = 0.20 ly e.g. moved forward 0.056
left spin

Ailerons Against Neutral With Against Neutral With Against Neutral With
3 O 350U 35°II 35°U

OD 200D 20°D 200D
Elevator U U N D U U N D U N N D D U N D U N D U N	 D 0 N	 D II N D U N	 D

(be) (e) (ef) (ef) (a) (e) (e) (e) (e) (ab) (c) (a) (c) (a)

a, deg 52 63 66 61 44 63 54 53. 62 19 59 21 56 59 - 61 - -- 46 51 58 52 - - -- 47

jd, deg 4II 4II 3U 4U 2U lU 2U 2II	 3D 4D 3D 0 3 4 - - III - - -	 0 6U -	 4U 2II - - -	 3D

f2,	 rps 0.34 0.37 0.43 0.42 0.35 0.36 0.40 0.42 0.36 0.63 0.41 0.64 0.42 0.34 - - 0.34 - - -- - 0.430.39 - 0.48 038 - - -- -0.48
V, fps 179 161 147 147	 194 161 166 15

	

251 . 290 151 258 22 173 - - 179 - - -- - 173 173 - 147 166 - - --- - 163

Turns 1
2'Z 2.4

3 1
7'L 8 1 9 d1 3 m --

3 d4 - 4^ d5j
for c, w cc M m l

n
l

4^

- - -__ -

recovery 3j 7

Landing condition Landing gear extended,
slots g Take-off condition, Living	 ondition,normal loading,

left no rmal loading normal loading, normal loading,
spin left solo ' left spin left spin

Ailerons Neutral With Against Neutral	 I With Against Neutral With Against Neutral With

Elevator U N D U N D U •N D U N D U	 N D	 U N D U N D U N D U N D U N D	 U N D
h a 1 (c)

a	 de 50 --- - - 48 1 43 --- - - -° 54 -- --' 47 -- -- -- -- -- -- -- 50 49 60 __ __ 59
deg

2D --_ - - 6D 5D --- -. - --- 4D - -- -_- 5D -- -- -- -- -- -- -- 5D 6D 4II -- -- 2U

R, rpm 0.36 --- - - 0.43 0.46 --- - - --- 0.46 --- 0.)}7 -- -- -- -- -- -- _- 0.42 0.45 0.39 -- -- 0.37 -- ----- ---- - --

V, fps 163 151 - - 1 166 163 1 163 - - 176 161 - -- 1B5 163 1-- -- -- -- -- -- -- 157 154 157 -- -- 157 -- - ---_ -	 _

Turns 4 32
for m - 6'Z ^' m _ _ m M - -_ d4 cc on Co co 5 5 --  10

recovery 1 6

Modification 1 Modification 2,
normal loading, normal loading, Normal loading,	 ing, ri hg t spin

left spin left spin

ainst With
Ailerons Against Neutral Against Neutral With Neutral350U 20OU 20 U 350U200D inO n 1001) 0
Elevator U N D U N D U N D U N D	 U N	 n U D U N D U N D U N D II D

c (be) (c) ( (a

a, deg N -- --- 46 _	 ___ -_21 52 56 69 -- 64 65 -- -- 62 -- 50 62 47

de o -_ -_-- 8U -	 ___ --	 4U 4U 4II 2II -- 3U lU -- -- 1D -- 1D 3D 3D

S1, rPm S
p - 0.46 . 0.3 -	 --- -- 0.92 0.3 0.46 0.42 -- 0.48 0.42 -- -- 0.39 --0.46 0.39 0.47

V, fps 1 170

R4181

162

W42--

-	 --- -- 258	 173 150 161 -- 144 161 -- -- 161 -- 163 160 160

Turns
for 2 3 -	 -- -- dl 6 m m -- co . __ _- . -- dg oo dg

recovery

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Mad"-7. 8 d¢ ft.
Mod 3-$7 d¢ ft

0"(fu11 sco/e)

Won

zedfft (fldl acaa)
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SPIN DATA OBTAfM WITH THE 
20 

SCALE MODEL OP TEE CURTISS SWC-1, AIRPLANE - Concluded

[Unless otherwise indicated, steady-spin data are for rudder -with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from erect spins]

AIx and AIZ = 0.25IX . right spin AIx and AIZ = -0.251x, right spin Aly and ALy = 0.20 Ty.
right spin

Ailerons A9350U Neutral
35*u

Against Neutral 35OU Against Neutral With
200D 200D' 200D 200D

Elevator U N	 D U U N D U N	 D U N D U	 N D U N	 D II N D	 U N D U N D
(b) (e) (e) (b) M (c) @ (c)

a, deg --- - ---- 65 ---- - - --

_- - --_

51 60 59 51	 56 53 ---- -	 22 59 63	 62 1 - 1 - ---- -- 46

de --- - ---- lU ---- - - ---- - --- 4II 3U 4U 2II	 1II 2II ---- -	 2D 3U . - 3II	 lU - - -- 2D

S2	 r s 0.38 - 0.46 0.40 0.37 - - 0.39 - 0.47 0.36 0.40 0.42 0.36 0.40 0.42 ---- - 0.80 0.34 0.42 0.34 - - ---- -- 0.40
V	 fps 179 -	 154 160 1741- - 157 -167 182	 157 154 182	 161 157 ---- -	 272 163 147	 163 - -. ---- -- 176

Turns 1
m m

'o,

- - Co
3 6

-___ d1- d 1
Por

recovery
4; -	 ao 0o

6
m m

10
. w Co w	 m - _ -_-_ -_ 4-;

c.g. moved forward 0.056, Landing condition, Landing gear extended
right spin normal loading, slots open, normal Take-off condition	 normal loadi ng

ri ht spin
Against With

Ailerons 3500 Neutral 35ou Neutra With Neutral With Against Neutral With
200D 200D

U N	 D U N D U N D U ND - U U N	 D U N D U N D U N D U N	 D U N D
(J) (a) (a) M (e1) (J)

kdeo 50 - 4 - - 57 51 4 6 - 60 47 -	 3 56 56 -	 58 51 52 71 63 62 63 60 - 51 58 57

- 4 3 - 2 2 6D 4D 0 0 0 1D 2D - 6D 4D 4D

47 D.M - - 640 0.47 0.50 D.41 - - 0.37 0.59 - 0.44 0.36 0.44 - 0.37 44 0.46 0.44 044 046 0,38 0.46 - 0.36 0.43 0.45

V	 fps 173 - 150 166 _1_1170 163 160 144 - - 147 157 - 163 161 15 -EL63 63 57 147 141 138 154 147 - 154 150 147

42 - -

1

4"
- - 7+Z 6 42 m - - 9 >5

4

- oo ao - _ W 8

41

ao	 - 00 8 7Tforery
7 `4

ac m m Co
recove

Diving condition, Modification 1, Modification 2,
normal loading, normal loading, normal loading,

Ailerons Against Neutral With Against Neutral wlflh Against Neutral With
10oU Pull
50D

Elevator U ND U N D U N D U N	 D U N D	 U U N D II N ID U N D	 U N	 D

a	 deg 60 - - 55 - - ----- - - 50 -	 53 48 50 -	 41 39 - - 42 - 45 52 - ---- -	 45

deg 3U 2II - - ----- - - 6U -	 6II 4II 4II -	 0 3D - - 6II - lU lU - ---- -	 3II

n	 s 0.37 - - 0.36 - - ----- = - 0.36 - 0.46 0.36 0.44 -10.36 0.37 - - 0.38 - - 0.39 0.44 - ---- - 0.48

V. fps 157 - - 157 - - ----- - - 182 --	 163 182- 170 -	 207 213 - - 182 - 188 170 - -- -- -	 176

Turns
for - - - - -----' - k l+l -	 22 lg 27 -	 >4 >4 - -

3
- 33 >7

recovery
. 1
Sy 4^ d5

DO
•
•

•

me
•
•

0•

I-•i
•

1 •
•:

aSteeper spin also obtainable, recovery may be rapid.
boscillatory spin.
oSteep oscillatory spin.
dNodel goes into inverted spin upon recovery.
0Two types of spin.
iSteep spin.
.Wandering spin.
^ teeper oscillatory spin also obtainable.
'Model goes into left spin upon recovery.

NATIONAL AOVISM
CONNITTIM M A®0Mrf1C5

Cagavrisoo of the toil awfacec of toe
SB2C-1 -d the XSB2C-1 mode/.

Mad/f/cot/an 4Modfficot/on /



b, ft	 .	 .	 .	 .	 . e	 •	 .	 ,	 .	 .	 51.95

L, ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 37.33
T, in.	 .	 .	 .	 . .	 .	 .	 .	 0111.35
S, sq ft	 .	 .	 . .	 .	 .	 .	 .451.08
A . .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 6.00
L. E. c aft L. E. or ,	 in.	 .	 .	 0.37
Sh, eq ft .	 .	 . .	 .	 .	 .	 .	 107.00

Se, sq ft .	 .	 . .	 .	 .	 .	 .	 •	 29.00
So, sq ft .	 .	 . .	 .	 .	 .	 .	 . 47e90
Sr, sq ft . .	 .	 .	 .	 .	 21.30

8r, deg .	 e . .	 30 R, 30 L
8e , deg .	 . . .	 35 U, 20 D
bas deg .	 . .	 .	 .	 25 U,	 15 D

Sa, deg ( landing condi-
tion) drooped .	 .	 •	 .	 15 D

(Aileron deflections measured
from chord plane)

8-f , deg ( landing condition) . 60 D
8f , deg ( diving condi-

tion)	 .	 .	 . .	 .	 .	 30 U, 30 D

TDPF	 .	 .	 .	 .	 . . . .	 254 X 10-6
Landing gear	 . . .	 Conventional

hiriye

1 1

29.90°

s°

Mode/ as tested.

fidder
inge

NACA RM No. L7E15
	

51

^3
-SCALE MODEL OF THE CURTISS XSB3C-1 AIRPLANE

1:	 Dimensional Data

•:	 (Full Scale)

Mass Data

Normal Loading

lf, lb . . . . . . . . . e 14,058
x/oF . . . . . . . . . . . . 0.244
Z/c . . . . . . . . . . . . 0.000
Ig, :

lug_ft2
lug-ft2 . . . . . . 16,100

Iy, 	 . . . . . . 20,800
IZ , slug-ft2 .	 35,200

Test altitude, ft . . . . 10,000
g (at sea level) , . . . . 7.83
P t (10,000 ft)	 . . . . . 10.51

Yx - Ty
-----^— . . . .	 -40 x 10-4m 

Iy - IZ	
-122 x 10-4

mb2
IZ Ig	

162 x 10-4.	 .
mb2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA RM No. L7E15
i
i•
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For the clean condition, normal loading, and normal control
configuration for spinning, the model spin was oscillatory and
recovery by rapid full rudder reversal or by simultaneous reversal
of rudder and elevator was satisfactory. Recoveries obtained by
neutralizing the rudder were unsatisfactory (>6 turns). With the
elevator either in the neutral or full-down position (ailerons
neutral), recoveries obtained by rapid full rudder reversal were
unsatisfactory. Setting the ailerons with the spin for any
elevator setting produced unsatisfactory recoveries from all spins,
whereas setting the ailerons against the spin improved the
recoveries.

Extending mass along the wings (Lux and 4I Z = 0.30 II) or
along the fuselage (ATy and LIZ = 0.25 Iy) or moving of the
center of gravity forward or back (10.05U) from its normal
position had little effect on the steady-spin or recovery
characteristics of the model.

For the landing condition (landing gear extended, lower
surface split-type flaps down 600, ailerons drooped 150, and
slots open), recoveries by rapid full rudder reversal were
either impossible or unsatisfactory. With the model in the
landing condition but with the slots closed, satisfactory
recoveries were obtained when the elevator was full up, ailerons
neutral, or when the ailerons were full with the spin. Tests
conducted with the model in the landing condition with the
ailerons not drooped indicated an aileron effect similar to
that obtained for the clean condition, normal loading.

The steady-spin and recovery characteristics of the model
in the diving condition (split dive flaps up and down 30 0) were,
In general, similar to those of the model in the clean condition,
normal loading.

The addition of area to the bottom of the fuselage and to
the lower part and trailing edge of the rudder, modification 2,
improved the recovery characteristics of the model in the
landing condition, although reC21,-eries obtained by rapid full

rudder reversal were marginal 	 turns). Either increasing
the tail length 1 foot (full se) or increasing the tail
length 1 foot in conjunction with raising the horizontal tail
1 foot (full scale) had little effect on the recovery charac-
teristics of the model in the landing condition (data not
presented) .	

NATIONAL ADVISORY

CONNITTEE FOR AERONAUTICS

52



.

rTACA RM No. L7Ei5
	

53

A series of tests (data not presented) vas conducted varying
the location of the slots when the model vas in the landing
condition. (See sketch of slot positions.) Decreasing the slot
opening (positions A3, A2, and Al) progressively improved the
recovery characteristics of the model, whereas varying the slot
positions, as shown by Bl, B2, and B3, had little effect on
the recovery characteristics. Slot positions Cl, C2, and C3
Improved the recovery characteristics slightly. The most
favorable position of slots for spinning, either Al or C2,
still did not lead to satisfactory recoveries.

Recoveries from all inverted spins obtained were satis-
factory by rapid full rudder reversal.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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STBADY-SPIN DATA OBTAINED WITH THE 20 --SCALE MODEL OF THE CURTISS X383C-1 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spina,

Normal loading
Rudder neutral spins,

normal loading and	 A	 0.30 IAI	 IX	 Z =	 X

Ailerons Against Neutral with Against Neutral With Against Neutral With

Elevator II 1 N D U N D II A D II N D U N D U N D U  U N D U D

a, deg N

a

s

i

50 50 5 ^6 .^ 40 2 1
N

o

s

i

N

o

a

1

N

0

a

i

2 N

0

a

1 1

971,	 deg $II 4U 1D 0 lU D 3D D U 2U II D D --

JO

111 1D 2II 2D

O r s 0 0 0% 0. 0 0 0 -
V, fps 1 1 18 170 221 1 170 1 180 180 1 - 2 1 0 23,1

2 2 1 3 3 2 34 32 --- -' -' 1--- --_ - 2 1 2 3 3 >5 7
Turns

recovery
n

05 0>8 21 c co a>4 3
n n n n

06
d2

d11
4

AIy	and	 p ly = 0 .25 Iy e.g. moved forward	 O.053 e.g. moved back	 0.O53*

Ailerons Against Neutral with Against Neutral With Against Neutral With

U N D U D II N D II N D D U D U N D U D U D
Elevator (ab i

a	 de 2 2 -	 -  - - --
0. de 6II II 0 0 6D ---- D -- --

JO-40

 -- 2D 1U -- -- U 2U -- D 3D

it	 r a •36 0 .39 0.42 0-3510.42 0.43 0.39 0.42 -- -- 0.4  '- 0.46 0.48 -- -- 0.45 0.36 -- 0.40 0.4

V. r 8 1 1 0 2 0 1 1 -- -- 1  --- 211 170 -- -- 173 192 -- 211 1

Turns 1^ 2j 4j 2t 52 1 3 4 -- 22 22 -- 2 2-- 4 -' -- 2 it -- ? 4
for

recovery }z4

Landing condition, normal loadsn$	 loading
Landing
closed,

condition, slots
normal loading Diving condition, normal loading

Ailerons Against Neutral with Against Neutral With Against Neutral With

II N D U N D N D U D U D D N D U N D II N D
Elevator b

( U '
(be)

a, dog 65 66 66 60 61 60 46 54 54 66 60 -- 55 -- N 5 1 57 55 53 57 56 45 54 53

11D 8D 8D 2u Zu - 0 - 0

P
1

6U 4U 1U 2II 1II lII 4D 3D 3D

r s 0.41 0.47 0.440-380.46 0 0.37 044 0.45 0.38 0.48 o-461 0.37 0-U 0.45 0.37 0.44 0.45 .39 0. 44 0.46
V. r s 15o lhh W 153Wh53 147 138 166 153 14 151 147 147 -- 173 160 157 173 160 157 189 173 160

Turns 9 w oo au 78 2k` 4z 4 3 6 - 4z - 12 3 3t 2 3 3 3 3 4
for

recovery 3k n

Inverted spins, normal loadingP	 n8
Modification 1,

landing condition
;godiflcati0	 2,

landing condition
Steeper spin ob-
taiqed occasionalll

b0acillatory spin.

Ailerons Against Neutral With Against Neutral With Against .Neutral With cRecovery attempted
by neutralization
of the rudder.Elevator II N D U N D U N D II N D II N D II N D	 II D U D II D

dRecovery attempted
a, deg N

o

s
p

i

N

0

s
p

i

N

0

s
p

i

N

0

e
p

1

39 N

0	 o

a

8	 p

1

48 44 N

o

a

p

1

____ _ _ ____ _ _ ____ _ _ __^_ ____ ____ -^ _-__ -_-- by simultaneous
reversal of rudder
and elevator.

o
ecbtah- d op ffimceaially.
£Steep spin.

gModel recovered SE

^(. deg 5D 4D ---- - - ---- - - ---- - - ---- ---- ---- ---_
_---

r s 0.4 0.41 0* 46 0.40 Z. - 0.3 - - 1 0.38 - - 0 .40 0.47 0.40 -- 0. 37 0 . 45

V, f a 1 18 1 1 1 0 166 -- o 1 1 1

l 1 L31
- -

L31 - L3 L21 1221 12 1
-
- 121 L2}

Turns
for n n n n n n

(-j rL 2 2 -7 2 2 approximately 3 tunas
when launched with

recovery 011
cJ4

c27.
44

rudder full
theagainst	 spin.

hm.
NATIONAL ADVISORY	 k	

i,_., -or-- 0 app.

COMMITTEE FOR AERONAUTICS	 Steep and	 wandering and
oscillatory spin.	 oscillatory spin.

L VSaual observation. JNodel recovered In
approximately 2 tuxsm
when launched with
rudder full
against the spin.

P•
•
s

•
r•
0
•

•

••
•

f•
a
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Slot Locations Tested on Model

Rib chord line

Rib chord line

'—Normal closed position
open position

Modifications / and 2

NATIONAL ADVISOR'!Y'
EE FOR AVA MAUTKS.
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1 -SCALE MODEL OF THE DOUGLAS %SH2D-1 AIRPLANE
20

56

Mode/ as tested.
Use Data

Normal Loading

W, lb . . . . . . . . . . 14,600	 Ia - It
X/_0 m. • e	 . •	 0.261	 -^-2—	 -126 x 10°4

Z/0— - • • • • • • s • • • -0e009

IX, slug-ft2 • . . . • . 13,934	 Iy - IZ	
-134 x 10'4Iy, slug-ft2 • . . • . . 25 9 533	 mb2

Iz, slug-ft2 . . . . • • 37,832
Test altitude, ft . . • . 10 , 000	 IZ - Ix 	•	 260 x 10-4
Alternate test altitude, ft 25,000 	 mb2
p (at sea level) . . . . 	11.30
µ ( 10, 000 ft) . . . . • •	 15.31	 NATIONAL ADVISORY
p (25,000 ft) • • . . . . 	 25.20	 COMMITTEE FOR AERONAUTICS

t4

Dimensional Data

(Full Scale)

b,	 ft	 •	 •	 •	 s	 s	 • •~.	 •	 •	 45.00
L,	 ft	 .	 .	 . .	 .	 .	 38.57
e, in.	 . . • 104.40
S,	 sq ft .	 .	 •	 •	 • •	 s •	 • 375.00
A	 •	 •	 !	 •	 e	 •	 •	 . •	 •	 •	 •	 5.40
L. E. a aft L.E. or, in.	 0.65
SW6 eq ft	 . . . . .	 . .	 .	 80.30
Se, .. sq ft	 .	 .	 .	 . .	 .	 .	 .	 21.25
Sv, ` sq ft	 .	 .	 .	 . .	 .	 .	 •	 33.10
Sr,	 sq ' ft	 .	 .	 .	 . .	 .	 .	 .	 11.00
8r, de g	 .	 .	 .	 .	 . . . 25 R, 25 L
8e, deg	 •	 .	 .	 . 30 U, 20 D
8a, deg	 .	 .	 .	 . 20 U, 15 D
8f, deg
Landing condition 38 D, 55 D
Diving condition, slat

type Hive flaps . 92 U, 92 D
TDPF .	 .	 .	 .	 .	 .	 . . .	 32 x 10-6
Landing gear . . . Conventional

7° —
	 I

140 /0°

We
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Resume of Model Test Results

For the clean condition, normal loading, normal control
configuration for spinning, the model spun steeply, descended
rapidly, and recoveries were satisfactory by rapid full. rudder
reversal or simultaneous neutralization or reversal of rudder
and elevator. With the elevator either neutral or down,
recoveries were retarded slightly but still satisfactory by
rapid full rudder reversal.

Setting the ailerons with the rotation steepened the spin
and satisfactory recoveries could be obtained by rapid full
rudder reversal. Setting the ailerons against the rotation,
flattened the spin and satisfactory recoveries could be obtained
only when the elevator was full-up.

Extending or retracting mass along the wings (AIg and
AIZ = 0.40 IX or --0.20 IX) or fuselage (My and AI Z - ±0.175 Iy)
or moving the center of gravity forward 0.116 or back 0.076
from its normal position generally had little effect upon the
recovery characteristics of the model.

For the torpedo loading, recoveries similar to those for
the normal loading were obtained when the ailerons were neutral
or with the spin. Recoveries were slow or impossible when the
ailerons were set against the spin.

Recoveries from fully developed spins of the model in the
landing or take-off condition were usually slow or impossible
except when the ailerons were set with the spin.

The recovery characteristics of the model in the dive-
bombing condition were in general similar to those for the
normal flying condition.

Alternate aileron deflections of 25 U and 15 D and of 15 U
and 10 D (data not presented) or the installation of dorsal fins
(modifications 1 and 2) did not appreciably alter the general
recovery characteristics of the model.

Recoveries from all inverted spins obtained were satis-
factory by rapid full rudder reversal.

Increasing the test altitude.to 25,000 feet generally led
to spins from which recoveries were slower than for the
corresponding spins at a test altitude of 10,000 feet.

e •
•

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA RM No. L7E15
	

58

SPIN DATA OBTATNED WITH TEE Wl -SCALE MODEL OF THE DOUGLAS XSM-1 AIRPLANE

(Unless otherwise indicated, steady-spin data are for rf¢dder-with spins of the model in the close
condition and recoveries were attempted by rapid full rudder reversal from right erect spine
at an a ulvalent test altitude 10.000 fee tj

Normal loading AIX and AIy = 0.20IX AIX end AIy = 0.401X

Against
Ailerons Neutral With Against Neutral With Against Neutral With

Full 7 ^

Elevator II N D N R D II N D II N D II N D II N D II N D II N D II N D
(a ab be c d d a be a be (d (d a( b be d d

a, deg z 4 46 26 --- 23 22 --- --- --- o 4 46 ---- 22 26 ---- --- --- 28 39 43 26 31 38 ---- --- ---
0. deg 0 4II 3II 4D --' 0 0 '-- --- °- 1D 0 lU ---- 3D 2D ---- '-- --- 3D 3U jU 5D )FD 2D ---= --- ---

(1, rpa .51 J^ a o.6 --- .6 o.67 --- --- --- 0.44 0. o. ---- 6 •7 ---- --- --- •45 0.46 oJ+ --- 0. 0.5 ---- --- ---
V, fps 274 223 207 312 375 332 298 --- 039039 294 220 213 >3041 3321291 >339 39 39 278 258 232 304 258 232 >325 625 3

14

Turns
e 
00

1
3'z

1 1

14

1
f 1

e n^y f e 5 ®m 114 4
1^

1 4 lz 41
5.
-4

iZ 1 1 ikj 14 114 1 4 k2
11 Z 11 it 4recovery

co

2g2... E2

A1g and AIZ = -0.20IX AIY and AIZ = 0.1751y AIy end AIZ = -0.1751y

Against
Ailerons Against	 I Neutral With Neutral With Against Neutral With

oFull 5D

Elevator II N D U N D II N D II N D D U N D D U D U
I

N D U N D U D
a c c (d (d (a (a (d (d (m (m) (bc) (d) (ab) :ab, (b) (bd) (d)

a	 deg 28 --- 24 24 ---- --- --- 26 46150 50 ---- ---- 4 22 51 ---- ---- 1 27 31 42 20 22 24 --' ---
deg 0	 1 2II 3U --- 1D 1D ---- --- --- 2D 3UJ 2II lU ---- ---- 4 1D 0 ---- ---- I 3D 0 3U 3D 2D 0 --- ---

(L rps 0.5 0.3 0 --- 1.06 0. ---- I --- --- .56 0.35 a38 0.3 ---- ---- qO.72 0 .37 ---- ---- 0.4 5 oLb IlqE o.69 o.69 --- ---
V, fps 264 204 192 339 332 291 1>3041>339>335 304 220 201197 >339 >360 1321 18 >339 > 339 1265 265 204 35, 301 29 1 3, 339 >

14 1 '1 2
Turns 4 1

2
11

2
1 1kl

2
ikl

4
113 4 34 - >5 11 1'3 k2 >5 ikl it 11 13 4 3 11 11 i ll 111

recovery 4 14 4
4

4 4 4 2 2 2 4 4 4 2 2

0.9. moved forward 0.11e e.g. moved back 0.079 ((wt. of toroes a4272tlbl9.located
Iow fN el	 see p roc.	 t the o. .

Against
Ailerons Against Neutral With Against Neutral With 110M Neutral With

Full

Elevator U
(a)

N D U
(a) N D U

(d)
D

(d)
U

( a)
N D U

(c)
N

(ab) ( a)
D

(ab)
U N

(d)
D

( d)
U N D U U

(d)
N
(d)

D
(d)

U
(d)(d)

D

a, deg 28 44 48 --- 17 22 --- --- --- 37 40 --" 2 '°' ---- ---- 1 8 61 --- --- --- ---- ---- --
0, deg 2D 4II 5U I --- 0 SII I -__ ___ -__ 4U 3U ____ ____ ____ _ -__ 2U 2U ___ _-_ ___ _ _-- _ ___ __

11, rp. 0.48 a44o.45 --- •79 0.76 --- --- --- 0.370.40 ----0.62 0.64 ---- ---- ---- o. OJ16 0. -- --- --- ---- ---- --
v, fps 288 223 210 >360 345 304 >339 >339 29 213 216 >27 345 298 ---- >325 >33 236 21 2 25 >335>339 >339 >339 039

over
1

s 	 3
reT	y 1i

74 12 4 114 13 11 1 1 3. j3̂ 11' 11	 -__ _-_ 1 1 14
2- ao m

1
> 3 i ll 

Jill
11 I

144
11

124 4 -4 4 4 2 72- 4 4 2

Landing condition, normal loading Flaps down 380 ,
normal loading

°Wandering spin.
b Whipping motion.

Against With °Steep and wandering
Ailerons Neutral Against With spin.

Full
1	 50u, 50D 50U, 5° Full dsteep spin.

eRe
neutrelizati oneofbyElevator

R D II N D
s¢

N D n N D II N D
(m (m (m (m (m

n
( n ) () (n

a, deg 49 52 54 --- --- --- --- - - 48 47 -
N
o

s

1
n

N
o

s

i'
n

--

-'
_

1

N
0

s a

1 i
n

45 50 52 -	 - - - - -
rudder.

r Recovery attempted by
simultaneuseversal

 ro andre levatoi
gRecovery attempted by

a imulteneous
neutralization or
rudder and elevator.

deg 2 II lII 0 --- --- --- --- --- 0

i
n

3D o

s

1
n

2D - 0 0 0 --- ---- ---

n, rps O. 0.3 0.3 --- --- --- --- --- 0.37 0.3 0.39 a3 0.3 0.39-'--- ---- ----

V	 fps 1 4 1 1 188 18 182 --- 188 191 182 271 18 182 >339 >339 >339
Turns 1

1 1 it i1for as m w m m m ---- au 7p w
4 2

_ n^

2 4
hg.covery attempted by

recover tepid movement of

1•

•
•

y

•
•
I•
•

iRecovery attempted
before final steep
.pin attitude was
attained.

JMOdel oscillatory in
roll.

kVisual observation.	 nWandering spin with

1Model went into inverted	 violent whipping

spin upon recovery	 motion.
from erect spin.	 °Steeper spin also

mTwo conditions possible. 	 obtainable.

-	 -	 ^^^ aeainac
the spin.

NATIONAL ADVISORY
COMMITTEE IN AERDMADTICS
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SPIN DATA OBTAINED WITH THE ^. SCALE MODEL OF THE DOUGLAS RSH2D-1 AIRPLANE - Continued

(ynless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins
at an equivalent test altitude 10,000 Peet]

Dive flaps deflected t920, Bomb-bay doors open,
normal loading normal loading

Ailerons Against Neutral With Against Neutral With

U N D U N D U N D U N D U N D II N D
Elevator (e) (be) (bc) (d) (d) (c) (bc) (d) (d)

a, deg 25 37 42 ---- 23 27 ---- ---- ---- ---- 48 49 --- 22 25 ---- ---- ----

0, deg 0 5u 4u ---- 0 0 ---- ---' ---- ---- 4U 3u --- 3D 1D ---- ---- ----

n. r s D.42 0.42 0. ---- 0.62 0-5 8 , ---- ---- --- ---- 0. 3 8 -42 --- 0.63 0 . 73 ---- ---- ----

V, fps 291 236 220 >304 1339 274 >339 >339 >339 233 204 201 339 332 284 >339 339 >339

Turn s 1 11

1
2 it 3 1 it it ill

1
o, 13 3 11 i'l'l it 1 3

recovery 4 2 31 2 4 2 r} 2 23- 4 r} 2 1 1 2 4

Dive-bombing condition, Modification 1,
normal loading normal loading

Ailerons Against Neutral With Against Neutral With

Elevator
U

(
N D U

(c)
N D U

(c
N D

(d)
U
(a)

N D U
(c)

D U
(bc)

N D
(d)

a, deg 24 44 48 --- 27 --- --- --- --- 25 38 47 ---- 24 --- --- ---

deg 2II jU 2U --- lU --_ -_' -_- --- 2D 3U 3U -----

FN

0 --- -°

s 0. 2 0. 1 0.	 1 --- 61 --- --- --- --- ''--
fps 298 213 2o4 >304 04 --- > 0 --- > 8 2 2 201  298 >325 --- >

31

Tfors 1
2

5 i t 1  1 __- iLl 4 3 5 13 ii _-_ 1113
recovery 2

42
2 2 4 2 11 32 62 4 4 2 4

Inverted spins, Equivalent test altitude
normal loading 25,000 feet, normal loadin g_

Against

Full 5 OAilerons Against Neutral With Neutral With
50D

Elevator II N D U
e

N D U
a

N D U N D U U N D U N 15'D D D
(m

a, deg

N
0

p
i

N

0

p
i

N
0

p
i

28

N N

c 0

p p
i i

33 28 26 52 61 61 ---- ---- 54 56 ---- ---- ---- --- ----

0, deg 2D 4D 6D 4D 0 0 0 ---- ---- 2D 1D ---- ---- ---- ---- ----

rps .45 0 . 3 0-440-54 0. 35 o.	 14 0.	 64 ---- ---- 0. 14 0. 24 ---- ---- ---- ---- ----

V, fps 298 261 265 268 265 226 236 272 >339 239 239 >339 >339 >339 >339 288

1 z
ik1^ lkll

Turns
for

n n n ek
n n k3 31

cc OD

kjl ik11 71

aD

12 ikl
5

recovery 4
0)21

e
 

11
4 2 2 2 ik 2 1_

4
ik2

4
22 ek3 44

'Wandering spin.	 iRecovery attempted before final steep spin
bWhipping motion.	 attitude was attained.

cSteep and wandering spin.	 (Model oscillatory in roll.

dSteep spin,	 'k Visualobservation.
eRecovery attempted by neutralization of rudder.	 LModel went into inverted spin upon recovery
fRecovery attempted by simultaneous reversal of 	 from erect spin.

rudder and elevator. 	 mTwo conditions possible.

gRecovery attempted by simultaneous neutrali- 	 nSteeper spin also obtainable.
zation of rudder and elevator.

hRecovery attempted by rapid movement of rudder
to 2/3 against the spin. 	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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1
SPIN DATA OBTAINED W ITR THE y.-SCALE MODEL OF THE DOUGLAS XSB2D -1 AIRPLANE -Concluded

[Unless otherwise indicated, steady -spin data are for rudder -with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins at
an equivalent test altitude 10,000 feet]

Take -off condition, normal loading

Ailerons
Against

Neutral
With

Full 50U,	 50D: Sou, 50D Full

Elevator
U N D U

(dm)
U

(m)
N
(dm)

N
( m)

D
(dm)

D
(m)

U
( n)

N
(dm)

N
(m)

D
(m)

D
(m)

U
n)

N
(d)

D
( d)

U
(n)

N
(d)

D
(d)

o , deg 43 47 50 --- I -- ---- --- --- I--- -- --- --- --- --- - --- --- -- --- I ---

Or ,	 deg 2U lU lU --- I -- ---- --- --- --- -- --- --- --- --- - --- --- -- --- ---

S),	 rps 0.32 O-3E 0.3 --- -- --- --- --- ---
--

--- --- -- --- ---

V, fps 201P88 188 >31 20 >318 182 >318 188 -- >318 182 >318 179 -->318 >318 -- >318 >318

Tur
 sfor

recovery
cc Com Com i1

2
-- ---

k

I k w
it
2

k,, k i,L 4
il3 --- kll

2
--- 1 --- --- kl lkl kll

2

NATIONAL ADVISORY

CONNITTEE FOR AERONAUTICS
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s
W

i^a•

•0:

• i
•s

aWandering spin.
bWhipping motion.
°Steep and wandering spin.
dSteep spin.
eRecovery attempted by neutralization of rudder.
iRecovery attempted before final steep spin
attitude was attained.

kVisual observation.

LModel went into inverted spin upon recovery
from erect spin.

mTwo conditions possible.
nWandering spin with violent whipping motion.
OSteeper spin also obtainable.

Mod/f/catian / 0"d2

bra



Dimensional Data

(Full Scale)

b,	 ft .	 .	 .	 .	 . .	 . .	 .	 . . 42.00
L,	 fir	 •	 .	 .	 •	 • e	 • o	 •	 s . 33.08To 	 in.	 •	 .	 .	 • . 89.50
S,	 sq ft	 . . 305-00
A	 ............. 5.78
L.E. c aft L .E. cr, in 3.34
Sh,	 sq ft . . . e	 . . 40.20
Se,	 sq ft .	 .	 . .	 . .	 .	 . . 16.44
Sv, sq ft .	 .	 . 21.50

sq ft • .	 .
t
Sr, .	 . .	 .	 . .	 11950
Vr9 deg .	 .	 .	 . e	 o e	 30 R, 30 L

Se , deg .	 .	 .	 • 30 U, 20 D
ba,	 deg .	 .	 .	 . 21 U,	 6 D
b f,	 deg .	 .	 .	 . . •	 60 D
TDPF	 . . . 381 x 10-6
Landing gear	 . .	 . Conventional

f.
f

i f

f
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16 SCALE MODEL OF THE CHANCE-VOUGHT XSB2U-1

^—	 31.50"

h^	 50°-+I	
70

23.69 	
Z.62"

./5„

T.L.	 -	 -

	

2°incidence 
	 t rudder

hing,-

Mode/ as tested.

Mass Data

Normal Loading -

w, lb..•...•.•.. 5575
X/;............0.274
zf c . . .	 . . . . . . . . 0.027
Ig, slug-ft2 .	 3 250
Iy, :iug-ft2 .7020
IZ, lug-ft2 . . . . . . . 9580
Test altitude, ft . . . . . 9000
(L (at sea level) . . . . . 5.66
4"(9000 ft) . . . . . . . 7.5 1

	

IX - IY	 -123 x 10-4
mb2

Iy - IZ
... ....
 

-84 x to-4
mb2

	f IZ IX	
207 x 10-4

mb 

2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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'•	 Resume of Model Test Results•

The model would not spin for the normal loading, clean
condition, and normal control configuration for spinning. With

•^	 the elevator set full down, the model spun at a moderately flat
•	 angle of attack (m - 480) and recovered by rapid full rudder

reversal in 2F turns.

For the normal loading condition, landing gear extended,
setting the ailerons with the spin indicated a favorable effect
on the recovery characteristics of the model. Setting the
ailerons against the spin had little effect on the recovery
characteristics.

Extending the mass along the wings (AIX and DI Z = 0.18 ix)
or along the fuselage (AIy and AlZ = 0.18 Iy) had no appreciable

effect on the recovery characteristics of the model.

With the ailerons drooped 100, the steady spins were flat
for the aileron-against spins and unsatisfactory recoveries were
obtained; there was no apparent change for the aileron-neutral
or aileron-with spins.

Extending the flaps had little effect upon the recovery
characteristics of the model.

Moving the vertical tail back 2 feet (full scale) from its
normal position indicated a detrimental effect on the spin and
recovery characteristics of the model.

NATIONAL ADVISORY
GdMTTff fix ^OrMli ICS

62
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SPIN DATA OBTAINED WITH THE 
6 

SCALE MODEL OF THE CHANCE-VOUGHT XSB2U-1 AIRPLANE

[lunless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid Hill rudder reversal from right erect spins

Landing gear
Normal loading Landing gear down, normal loading down,

enuis neutral
ormal loadingAgainst With

Full g0 U g0 U Full Flaps 150D
5

300 D 600DAilerons Neutral Neutral

4.5° D 4.50 D

Elevator ii N D U
(a)

D I	 U
(a)

D U
(a)

N D U
(a)

D
(b)

U
(a)

D
(b)

Elevator D D D

a, deg - 48 - 50 - 54 - 46 47 - - - - a, deg - -

0, deg N - 0 - 2II - lU - 0 0 - - - - 0, deg - - N
0 0

n, rps - 0 .45 - 0 .42 - 0 .44 - 0.45 0.)14 - - - - n , rps - -s s

V, fps 1
n

- 128 - 118 - 116 - 129 125 - - - - V, fps - - 1
n

2
Turns
for - 1

Z- -
1

22 - 13- - - 12- - - - -
Turns
for 2 2

recovery 4 2 cd2 recovery

Effect of weight, mass variations, and e.g. Ailerons drooped 100 , normal loading,
movements on turns for recovery, landing landing gear extended

Ailerons

Against

100 D

100 D

Withgear extended, ailerons neutral

Elevator D
Full

3.50 U

150 D
3.50 U
150 D Fu 1

116 pound bomb added 2;4
Elevator U D	 I II I	 D U

(a)
D U

(a)
D
(b)

U
(a)

D
(b)1

2500 pound bomb added
a, deg 61 6o 43 55 - 44 - - - -

1000 pound bomb added 211-
fd, deg 3TJ 3II 0 0 - 2D - - - -

AIX and pT	 = 0.091X 21
, rps4, 0.41 0.45 0.34 0.44 - 0.42

- - - -21AIX and AIZ = 0.18 IX
v, fps 116 111 137 114. - 126 - - - - 

AIy and AIZ = 0.09 IY 1

Turns
for 4j

3
4^

2
1 5 - 2

1
- - - -

AIy and AIZ =	 0.18 Iy 24

e.g. moved forward 0.03c 21
recovery 12

Fin and rudder

Flaps	 down, normal loading,45o Flaps	 0 down, ailerons drooped 100,45 moved bfull
landing gear extended normal loading, landing gear extended scale) normal

Against With Against With

Ailerons Neutral 100 D Neutral0 U 90 350 U 0 U

Full Z-50 D 4.5q Full Full i 50 D 100 D 5o D Full

Elevator U D U D U D U D U D U D U D U D U D U D U N D
(a) (a) (a) (a) (b) (a) (b) (a) a) (a) (b) (a ) (b)

a, deg 57 56 - 57 - 43 - - - 62 59 - 56 - 44 - - - - 56 56

0, deg 3U 3II - 2II - 1D - - 3II 4II - 0 - 1D - - - - - 1D 1D

n.. rps 0.39 0.43 - .43 - 0 .40 - - - - '0.42 0.42 - 0.43 - 0 .44 - - - - o.44 o.46

V, fps 116 112 - 112 - 126 - - - 111 log - 111 - 127 - - - - - 118 115

3^ 5
5

Turns
for

recovery
- 4 -

24
4

- - - 1 5 - 4r - 2t
4

8

4 134
c51
2

aModel gradually goes into spiral glide. 	 NATIONAL ADVISORY

b Steep high vertical velocity spin.	 COMMITTEE FOR AERONAUTICS

°Recovery attempted by neutralizing the rudder.

d Visual observation.

r•

•
•

•
•

•••

•
•
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1 -SCALE MODEL OF THE DOUGLAS SBD-1 AIRPLANE
20

/0.65"
Dimensional Data 8s"

(Full Scale)
2.06"	 -	 -	 a0go

tit	 hinge

b.	 ft	 .	 .	 .	 .	 .	 .	 .	 .	 .

L,	 ft	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
 1 . 5 1

31.70
.as"	 a.26- -f^4	 ".86"	 I	 a3„

c,	 in.	 .	 .	 •	 .	 .	 .	 .	 .	 .
S,	 sq ft	 s	 •	 •	 ♦ 	 •	 •	 s	 •

97°5
t
0
^323.80 3.50	 627"

A ............. 5.32
L.E. c aft L.E. or s, in.	 . .	 5 -50 if/apt, hinge	 6'
Sh,	 sq ft	 .	 .	 •	 .	 .	 .	 .	 . 70.76 4aileron hinge

Se,	 sq ft	 .	 .	 .	 .	 .	 .	 .	 . 18.62 — ^ 24. so"
Sy,	 sq ft	 .	 .	 .	 .	 .	 .	 .	 . 22.45
Sr ,	 sq ft • 9.92 zs°
8r, deg .	 30 R, 30 L
Se, deg .	 .	 30 U, 20 D
8a, deg .	 .	 .	 .	 .	 .	 .	 17 U,	 10 D
8f, deg ( landing condition,

so -I

center and outer flaps) .	 43 D
=98„

8f, deg ( diving condition) /22/"^	 X49"

}Center and outer flaps .	 42 D ./9"	 Z° 4/s
Outer upper flaps 37.5 U

6 T.L.	 A
TDPF
Landing gear	 Conventional 2.S°incra-nce	

rudder
70"	 hinge

/8.55"-

Model as tested.

Mass Data

Normal Loading

W,	 lb	 .	 .	 . 7,615 IX - 1y -4a/c .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 0.267 2	 -94 x 10
z/Te 	 .	 .	 .	 .	 •	 .	 .	 .	 .	 .	 • 0.040 mb
IX,	 slug-ft2	•	 .	 .	 •	 .	 • 4P E41 IY - IZ	 -

5. -9S x 10-4
Iy,	 slug-ft2 	.. 	 .	 .	 .	 . 8, 692

mb2IZ ,	 slug-ft	 .	 .	 .	 .	 .	 . 12. 544
Test altitude, ft .	 .	 . . 10, 000 IZ - IX 189 x 10-^µ (at sea level)	 .	 .	 .	 . 7.40 2mb(10,000 ft)	 .	 .	 .	 .	 . 10..02 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

•
••
•
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s•
Resume of Model Test Results

e
For the normal loading clean condition, normal control

configuration for spinning, the model spun with a vertical
velocity exceeding 270 feet per second (full scale) and
recovered in 1/2 turn when the rudder was reversed fully and
rapidly. With the elevator set 50 up both a flat spin of low
vertical velocity (140 feet per second) and a steep spin of
high vertical velocity (234 feet per second) were obtained.
From the low vertical velocity spin, recovery by rapid full
rudder reversal was unsatisfactory (a* turns), whereas the model
recovered in 1/2 turn from the other type spin. With the elevator
set at neutral, a flat spin was obtained from which the model
did not recover by rapid full rudder reversal. With the ailerons
set partly or fully against the spin, satisfactory recoveries
could not be obtained for any elevator setting. Setting the
ailerons full with the spin had a favorable effect and satis-
factory recoveries were obtained even with the elevator full
down.

With the mass extended or retracted along the wings
(aZg and BZZ = t0.15 IX) ;, or extended or retracted along the

fuselage (BIy and BIZ = 0.20 Iy, or = -0.10 Iy) ' or a movement
of the center of gravity forward 0.0615 or rearward 0.05c the
recovery characteristics of the model were similar to those
obtained for the normal loading, clean condition.

For the landing condition (canopies open, landing gear
extended and lower flaps 430 down) and the diving condition
(rear canopy open, lower flaps 420 down, upper flaps 37t up),
satisfactory recoveries were obtained only when the ailerons
were full with the spin.

The model would spin inverted only when the stick was
full forward and to the right. For this spin the vertical
velocity of the model exceeded the maximum tunnel airspeed
(data not presented).

The addition of a ventral fin (modification 1) generally
improved the recovery characteristics of the model.

Raising the horizontal tail surfaces 20 inches full scale,
and replacing the part length rudder with a full length rudder
(modification 2) enabled satisfactory recoveries to be obtained
from all elevator-up spins; whereas with the elevator either
neutral or down the recoveries were marginal.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



NACA RM No. L7E16
	

66

SPIN DATA OBTAINED WITH THE 	 SCALE MODEL OF THE DOUGLAS SBD-1 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spin 7

Normal loading

Against Neutral With

Full 12^ U 
7.1 

D 50U 46D 1 1.II 7-1
1. 
D Full

Ailerons

Elevator U N D U N D U N D U
a

250U25 N D D U N N D- D II N D

a, deg 66 76 74 65 74 75 - --- -- -- --- --- 65 '67 28 --- 48 --- 47 22 --- -- 19

pl, deg 1U 0 0 2D lU 1D - --- -- --- --- --- 0 2D 2II --- 1D --- 1D 4U --- --- 6U

(1,	 rps 0.49 0.65 0.59 0.49 0.60 0.6 --- ---	 --- --- --- --- 0.56 0.52 0.74 --- 0. --- 0.52 0.77 --- --- 0.

V, fps 132 110 110 136 112 110 13 - - >27C 140 234 120 112 218 270 14 270 140 238>27C >270 2

^
m

1
1+Z

Turns c
f1 1 1

1
for 5 m co -

co -_-	
__-

7 00 8 Co m 92
--- 9 --- 8 1 --- ---recovery

d8 co, g I gl.

gee

Rudder neutral spins, Rudder against spins, AIX and AIZ = 0.151X
normal loading normal loading

Ailerons Against Neutral With Against Neutral I	 With Against Neutral With

Elevator U N D U N D U N D U N D U	 N D U N D N D U U N D U N D
a b e a

a	 deg 66 77 74 --- 70 72 N

n

N

n

N

n

62 70 71 N 68

1D

0.55
120

n

65 N

n

N

n

N

s

1
n

 75 74 64 ---- 66 73 --- ---- 18

de 2U lII lII ---- 0 1D 3U 0 0 1D

TbUb

 lU 0 3D. ---- 1D lU ---- --- 6II

f1	 r s 0.45 0.62 0.6 --- 7 0.58 0.4 62 0. 0.56 0.63 0.61 0.46 ---- .52 0.61 --- --- 0.94
V, fps 132 11 11 >27 ll6 ll2 y u0 110 120  ll2 108 140 270 124 116 270 270 266

Turns
for --- --- -- ---- -- --- --- --- --- -- --- w ---- a0 a0 m _--- ---- ---- I

recovery

AIX and AIz = -0.15 IX AIy and AIZ = 0.20 ly

Against Neutral With Against Neutral With

 U N D U U N D U N D U N D U N D U N D
a a a

FAIlerons.

70 77 74 62 ---- 64 74 ---- ---- 22 68 78 76 ----' 66 62 ---- ---- 18

 1D 1D 1U 1D ---- 1D 0 ---- ---- 4U 0 0 111 ---- 2D 2D ---- ---- 3U

.46 0.61 0.63 0.43 ---- 0.52 0.55 ---- ---- 0.52 .42 0.60 .58 ---- 0.47 0.47 ---- ---- .78

V 	 fps 124 108 108 144 270 128 114 >270 270 250 136 114 112 270 130 128 >270 270 266

Turns
for 00 m w m ---- ce w ---- ---- r1 a0 m -___ w ---- --- *11recovery

AI, and AIz = -0,10 Iy e.g. moved forward O.O6c

Ailerons Against Neutral With -Against Neutral With

Elevator U U N D U N D U D U IIbli N D U II N D U D
fill fill s a

a, deg 58 --- 1	 73 75 ---- 64 73 ---- ---- 20 65 ---- 1	 76 1 72 63 ---- 61 73 ---- ---- 22

id, deg 3U --- 1D 0 ---- 1D 0 ---- ---- 7UJ 2U ----1 01 11) 1D ---- 0 1D ---- ---- 7II

II, rps 9 --- 0.62 .65 ---- 0.54 0.58 ---- ---- 02 0.47 ---- 0.63 O.% 0.47 ----- 0.51 0.48 ---- ---- 0.87

V	 fps 132 20 112 108 >270 124 112 >270 270 246 136 1>270 1 108 1 108 138 >270 128 112 >270 >270 246

Turns
for

recovery
0a
_

--- 0D Co Cc --__ m

NATIONAL ADVISORY
OTtee p spin.	 COMMITTEE FOR AERONAUTICS
bTwo t ypes of spin.
e Recovery attempted by simultaneous reversal of rudder and ailerons.
dRecovery attempted by simultaneous reversal of rudder, ailerons, and elevator.
eRecovery attempted by simultaneous reversal of rudder and elevator.
(Rudder reversed before final steep attitude was obtained.
gRecovery attempted by neutralizing rudder.
hWandering and oscillatory spin.
1Flat spin.

JOsc111atory spin.

•
•
•

•

s
••

•
•

••
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SPIN DATA OBTAINED WITH THE 2
0-SCALE MODEL OF THE DOUGLAS SBD-1 AIRPLANE - Concluded

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spin s3

e.g. moved back 0.05e Landing condition, normal loading

Ailerons Against Neutral With Against Neutral With

Elevator U N D U N D II N D U N D U N D U
(ah)	 I

'N D
s a (a (a)

a, deg 62 77 76 ----- 65 72 ----- ----- 20 72 BO 77 55 65 64 ----- ----- N

deg, 3II 0 1D ----- 0 0 ----- ----- 7U 1L' 0 III 1D 0 0 ----- -----
0

R	 r s 0.42 0.61 0.62 ----- 0.47 0.56 ----- ----- 0.96 0.47 0.70 0.66 0.41 0.48 0.52 ---
-
- ----- p

V	 fps 138 112 1GS >270 128 116 >270 >270 270 126 108 106 136 120 122 >270 >270 in
Turnsfor-----

. ----
_____

1
Z

Co m w m w ou ----- -----

Diving condition, normal loading Modification 1,
normal loading Modification 2, normal loading

Ailerons Against Neutral With Against Neutral Against Neutral With

Elevator U I	 N I	 D U N D U N D II W D N I D U N D U N D N Di
a, deg 68 78 ---- 54 67 60 ---- N N

0 
0

p
i 1
n n

---- -- -- ---- -- 47 60 56 --- 54 50 ---- ----

deg lII lII ---- 0 1D C ---- -__- __ __ ____ -- 2U 3II 4II --- 0 IU ----

Q, rps 0.46 0.67 0.65 0.39 0.33 0.50 ,---- ____ __ __ ____ __ .30 0.47 0,49 --- 0.45 0.50 ---- ----

V, fps 128 108 104 140 124 124 270 270 -- -- >270 -- 180 136 136 254 144 148 270 >270
Turns
for Cu 0. 00 Cc w Co ---- ---- w . no ---_ CD

bl It ?̂ Z 7 $A

a Steep spin.

I
(Rudder reversed before final steep attitude was obtained.
9Faatering and oscillatory spin.	 MATIONOLFlat 
Oscillatory	

v
tory ap1n.	

IY/^M7VRW

KS



3"

5"

	

30.00	 ---^{

8°	 l+

3.5 °
io.ii"	 2.2a"

	

3.5°	 1323"	 552"

it fus.	 -

	

08 126' 	
rudder

4.62=	huge
—26.87"
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26-SCALE MODEL OF THE MARTIN B-26 AIRPLANE

Dimensional Data

(Full Scale)

b, ft	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 65.00
L, ft	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 58.21
F, in.	 .	 .	 . .	 .	 .	 .	 .	 .	 121.60
S, sq ft	 .	 . .	 .	 .	 .	 .	 .	 612.00
A............. 6.90
Sh, sq ft .	 . .	 .	 .	 .	 .	 .	 130.30
Se , sq ft .	 . .	 .	 .	 .	 .	 .	 .	 54.08
Sv, sq ft .	 . .	 .	 .	 .	 .	 .	 .	 65.65
Sr , sq ft .	 . .	 .	 .	 .	 .	 .	 .	 33.18
a
rt deg .	 .	 . .	 .	 .	 25 R, 25 L

be , deg .	 .	 . .	 .	 .	 25 U.	 15 D
aa, deg .	 .	 . .	 .	 .	 25 U,	 15 D

a ft deg .	 .	 . .	 .	 .	 .	 .	 55 D
TDPF	 .	 .	 .	 . .	 .	 .	 .	 517 x 10-6
Landing gear .	 .	 .	 .	 .	 Tricycle

Mode/ as tested.

Mas s Data

Normal Loading

W,	 lb	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 26,594
x/c .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 . 0. 144
z/c .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 -0.018
IX,	 slug-ft2	.	 .	 .	 .	 . .	 63, 651
Iy,	 slug-ft2 	.	 .	 .	 .	 . .	 69,798

IZ ,	 slug-ft2 	.	 .	 .	 .	 . .	 129,371
Test altitude,	 ft .	 .	 . .	 10,000
µ (at sea level)	 .	 .	 . .	 .	 8.71
W (10,000 ft)	 .	 .	 .	 . .	 .	 11.85

IX -  
2

Iy	
-17 x 10-4.

mb

Iy - IZ . . . . . . . -170 x 10 -4

mb2

IZ 2 I . . . . . . . 187 x 10-4
mb

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

Although complete data could not be obtained for the model
at normal control configuration for spinning, normal loading, or
clean condition because of high rate of descent, the results indi-
cate satisfactory recovery characteristics if rudder and elevator
were both reversed. Extending mass along the wings (AIX
and AIZ = 0.30 Ix) or fuselage (AIY and QIZ = 0.30 Iy), or
deflecting the flaps 550 and the landing gear did not alter the
recovery characteristics of the model appreciably.

SPIN DATA OBTAINED WITH THE 2T-SCALE MODEL OF THE MARTIN B-26 AIRPLANE

[unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudderreversal from right erect spins]

Normal loading AIx	 and	 Al. = 0.30 Ix

Against With
Ailerons Neutral Against Neutral With

Full 12.5U,	 10.6D 12.5U, 10.6D Full

U N D II N D U N D U N D U N U N D U N D U N DElevator (a) (a) (a) (a) (a (a e f
a, deg _ __ N

o

s

N

a

a

___ ___ N
o

s

_-_ 22 24 2 2 22 2l „ 2 __ N

o

e

N

o

s

,.__ _-_ N

o

a

___ 2 --_
0, deg ___ ___ ___ ___ 5U 7U 9D 5D 2D 1D

k28

_- ___ ___ ___ 2D __-

C), rps ___ __- __- --- 0. 0.52.0-31 .60 0. 0 -52  -- -° --- --- 0.46 ---
V	 fps p

i

p

i

-
---

p

i

--- 1 0 12 10 2 0 O1 -- p
1

p

1

--' "' p
1

"' 294 "'--

Turns
for -__ --' -__ --• 112

l c >1'1 11
oa - 2 2_ ___ ___ ___ ___ 2

recovery n n n bl !4 2 b>4 b14 n n n

AIy	 and	 AIZ = 0.30 Iy Landing condition, normal loading Inverted spins, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator II N D U N D U N D U. N D U N D U N D U N D II N	 D U N D
e of e e

a, deg --- N
°
s

i
n

27 -° 24  25 --- 22 25 --- 16 18 --- °' -'- N

°

s

i

-- -' 38 -	 2 )
deg --- lII --- 5U 40 --• l0U l0II --- 9D Q --- --- ---

n, rps --- •38 --- 0.40 0.4 0.46 --- 0.3 0.3 --- •47 .53 --- --- --- -- -- 0.3 - 0. 40 30 --- --
V, fps --- 1 --- 306 7

2E20

8 --- 273 260 --- 310 299 --- --- °' -- _- 248 -	 250 2ob -- ---
Turns
for -'- --- 14 1 2 --- 2 --- 1 ---

-_- --'recover

aWide radius spin, vertical velocity too high to test. 	 "Recovery attempted by simultaneous 	 NATIONAL ADVISORY

bRecovery attempted by neutralizing the rudder. 	 reversal of rudder and elevator. COMMITTEE FOR AERONAUTIS

°Model went into a wide spiral after rudder reversal. 	 (velocity too high to test.
Oscillatory spin.



26.00°

55041 JO%c.

L "
/.	

440"

0~incidence	 10"hips"
/8.03"

Mode/ as tested
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Dimensional

MODEL OF THE NAVAL AIRCRAFT FACTORY SBN-1 AIRPLANE

Dimensional Data

(Full Scale)

b, ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 . 39.00
L, ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 27.83
c, in.	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 83.30
S, sq ft	 ..	 .	 . .	 .	 .	 .	 .	 .258.00
A. .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 5.90
Sh, sq ft .	 .	 . .	 .	 .	 .	 61.12
Se, sq ft .	 .	 . .	 .	 .	 .	 .	 .	 27.07
Sv, sq ft .	 .	 . .	 .	 .	 .	 .	 25.77
Sr, sq ft .	 .	 . .	 .	 .	 .	 .	 13.53
8r, deg	 .	 .	 .	 . .	 .	 .	 30 R, 30 L
Se , deg .	 .	 .	 . .	 .	 .	 30 U, 20 D
8a, deg .	 .	 .	 . .	 .	 .	 30 U,	 15 D
S f, deg ( landing cond.)	 .	 .	 60 D
S f , deg ( diving pond., split

flaps)	 .	 . .	 . .	 60 U, 60 D

TDPF	 .	 .	 .	 .	 . .	 .	 .	 . 73 x 10-6
Landing gear	 . . .	 Conventional

Mass Data

Normal Loading

e

•
•
•

•

W, lb . . . . . . . . . . . 5938
x/c . . . . . . . . . . . . 0.272
z/c . . . . . . . . . . . . -0-045
IX,slug-ft2 . . . . . . . 3223
IY, slug-ft2 . . . . . . . 5931
IZ, slug-ft2 .	 8752
Test altitude, ft . . . . . 6000
µ (at sea level) . . . . . 7.67
^ ° ( 6000 ft)	 . . . . . . . 9.19

IX	
IY . . . .	 . . -97 x 10

-4

mb

IY 
2 I .
	 -100 x 10-4

mb

IZ 
2I% . . . . . .	 197 x 10-

4
mb

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

For the normal loading and clean condition, recoveries of the
model by rapid full rudder reversal were generally unsatisfactory,
whereas recoveries by simultaneous full reversal of the elevator
and rudder from all elevator full-up spins were satisfactory.

For the aileron-neutral spins, moderate changes in the dis-
tribution of mass along the wing or fuselage of the model or
moderate movements of the center of gravity (*0.05c) had little
effect upon the recovery characteristics of the model.

For the diving condition (split flaps 60 0 up and 600 down,
landing gear extended) or for the landing condition (cockpit open,
flaps and main landing gear extended), the recovery characteristics
of the model were satisfactory only when the ailerons were set full
with the spin.

Recoveries by rapid full rudder reversal from all inverted
spins were satisfactory.

In order to improve the recoveries of the model by rapid full
rudder reversal, vertical fin area was added successively at various
points along the periphery of the vertical tail surfaces and bottom
of the fuselage (test results not presented). Fin area added below
the horizontal tail (modifications 1 and 2) was most effective in
improving the recovery characteristics of the model. With the

horizontal tail raised ll- inches, full scale (modification 3) from

its normal position (test results not presented) satisfactory
recoveries were obtained for the model in the normal loading and
clean condition; for the landing condition, however, recoveries
were unsatisfactory when the ailerons were set full against the
spin.	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Mod 2
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SPIN DATA OBTAINED WITH THE m-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY SBN-1 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
.condition and recoveries were attempted by rapid full rudder reversal from right erect spins

Normal loading Rudder neutral spina, normal loading

Ailerons

Against

Neutral

With

Against Neutral With
Full 90 D

17.50 U
90 D
17.5° U

Full

Elevator U N D U N D U N D a) N D
(a)

N D N D II N D U N D

a, deg 56 59 62 61 65 62 56 58 56 --- 45 44 - 43 39

N
a

p
1
n

64 58

N

0

p
1
a

56 56

N

0

p
i
n

N
0

p
1
n

N
0

p
1
n

0, deg 5u 4II 3U 3u 4U 2II lU 2U 3U --- 1D O --- 4D 5D 3u 4u lU lu

p„ rps 0.46 0.58 0.58 0.48 0.57 0.58 0.46 0.52 0.55 --- 0.5 0.5 --- 0.5 0.5 0. 55 0.55 0. 54

121

0. 54

119V, fps 129 119 112 125 114 11(} 131 123 117 --•- 146 143 --- 148 148 116 117

Turns
for____

recovery

j4 7Z ou 6 7t 71
4

3^ 4^ 5T --- 24 23 14 21
2

21
4

_-- ---- --- ---

____ ____ ____ ____ _ ---
b 15-2

b. b^ ___ ___ 4 ___ ___ °14 ---- _--- "' "'

d24"-'''-- -'" ---- ---- d2
....

'-" '-- --- '--
d

--- '-- ---- '---
r___

----

Effect of mass variations
on turns for recovery

Effect of e.g. movements,
extended landing gear, and
tail wheel on turns for
recover

Flaps	 P	 Ps down 60°	 cockpit o
normal lo	

en
ading

Diving
up and

condition, double split flaps,
down 600, normal loading

Ailerons

Against

Neutral

Ailerons Against Neutral With

Ailerons Neutral Ailerons Neutral 1 jo D
60 u

Elevator II N D II
(.e)

N D U
a

N D
Elevator U A D Elevator II A D

=-eIXOa151 I Z
1

3 --- 1
3

e.g	 moved
Porrrara 0.05c

1
44. ---

1
42

Elevator U D U U N D Turn.

recovery 00 --
44

-
2

4
a, deg - - --- N 56 57

eIX_end7 I z =
2 --- 5

c.g.
ce 

moved
oo cb a 05

41
2 --- 512

^, deg --- 0 1U lU
NATIONAL ADVISORY

COMMITTEE fall AENDNAOTKS

8Oscillatory and .wandering spin.
bRecovery attempted by neutralizing

rudder.
aRecovery from a steeper Lyle o 	 spin.
Recovery attempted by simultaneous
reversal of rudder and elevator.

eVertical velocity too high to teat.

X
aIy and AIZ =

0.302 ^
^,

2
1 .._ rrl

4

Landing gear

extended
normal loadl

1

4 --- 44

Ta11 whe el

Il, rps - - --- s 0-50 •53

Y, fps - - --- ; 11 11

aIy and eIZ =
0.151y

1
2 --- 4^

(normal
installed

all

1
2

1 1 Turns
for

recover
- -

1
5

n
51
2

5

Leading condition, normal loading Inverted spin, normal loading

Ailerons Against Neutral

With

Against Neutral With1 Full

Elevator N D U N D. U U 
(8)

D U N D U N D U N D

a, deg  63 61 54 55 56 N
o

a

1
n

N - 17 N
o

s

1
n

N
0

s

1
n

N
0

s

1
n

37 NN

o o

a s

1 IF
n n

45 37 29

0, deg  2II 2II lU lU lu o	 _ 5U 2U 5D 4D 11D

n, rps

r6o

 0.55 0.57 0.43 0.51 0.53 s	 _ ,8 .43 .42 0.52 o.66

V, fps 112 108 131 119 114 1	 - 203 174
1

4

161 164 175

^rs
recovery

w ac 512 5^
4

512

n - 3

4
1 3

4
1

x

^i
•

2
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r

1 -SCAM MODEL OF THE BOEING XB-29 AIRPLAINE

Dimensional Data

134"

(Full Scale)

b, ft . • . . . .	 141.67
L, ft . • • . . .	 98.30
o, in .	 154.44
S, 'sq ft • 1739.00
A • • •	 11.52
L•E. c aft L.E. cr, in 44.45
Sh, sq ft . .	 . . • . .	 332.00
Se, sq ft . .	 • . . . .	 116.00
Sy, sq ft . .	 . • . . .	 238.00
Sr, sq ft . .	 . . • 64.00
g r , deg . . .	 . . . 25 R, 25 L
Se, deg • . .	 . . . • .	 25 U, 15 D
bas deg • • .	 . • . . .	 18 U, 18 D
TDPF .	 • . .	 . . . . •	 .	 .	 .	 0
Landing gear . . . . . .	 Trioyole

.94 i
3 35"

L e%v. hinge
57"'	 aile

hinge
ron

42.33"

{--s34"

,mot rudder
F —/6.9/^=^I	 'Zve

Fus ref.

line -7	 CLOD"

incidence at root

Mass Data	
Model as tested.

W, lb . . • • • . . . • . • . • • . • .
'Y " . . . • • . . . • • . . • • • • . •

Z/0- . • • • • • . . . • • • • • • . • .
Tg, slug-ft2 . . . • . . . . .
Iy, slug-ft2 . . . . . . . . . . . . •
IZ , Slug-ft2 . . • . . . . • • . . . .
Test altitude, ft • . . . . . . • . . •
4 (at Sea level) . • . • • • . • . • •
µf (20,000 ft) • . . . . • . • . . • .
IX - Iy

• • • • . . . • • . • e • . . •
mb2

Iy - I 

mb

IZ — IX 
• • • • e . • e • • • • • • . •

mb2

Light loading Alternate loading

70,000 U-MOW" y„

0.250 0.250
00099 00099

850,000 1,500,000
730,000 800,000

1 0580,000 2,300,000
20,000 20,000

3.71 6.36
6.96 11.94

	

27 x 10-4
	 93 x 10-4

	

-195 x 10'4	-201 x 10-4

	

168 x 10-4	 108 x 10-4

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

In general for all conditions tested, for the normal control
configuration for spinning, the spins of the model were very oscil-
latory especially in pitch (a = 150 to 750) and recovery by neu-
tralization or full reversal of the elevator was satisfactory. The
model would also spin with the elevator up and the ailerons with
the spin. These spins were similar to the spins obtained for the
normal control configuration. Generally, the model would not spin
for any other control settings.

The applied load factors as measured by an accelerometer were
consistently lover than the load factors calculated from the

formula 
sit	

where % is the acute angle between the vertical

and the wing chord line (approximately equal to the absolute value
of the angle of attack of the wing at the plane of symmetry) . The
average accelerometer reading was approximately 1.8.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITA THE.4
o-SCALE MODEL OF THE BOEING XB-29 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

AIX	and	 AIZ = -0.531X AIY	 and	 ALL = U.4OIy
Light loading condition Alternate loading

condition from alternate loading from alternate loading
condition condition

Against
Ailerons Neutral With Against Neutral With Against Neutral With Against Neutral With

Full 2

Elevator U U U 'N (UU) 100 U N	 U N
b)

N
(b)

N U N
b

N N U N N U Da b b b b
15

^5 15
15

15 15 15
15

a, deg N

0
"-

75
N

0
75 75 N	

N

0	 0
75

N

0
75 N

0
N

0
---

75
N

0
75

N

0
N

0
--- 75

N

0
41 --- N

0
p; deg __- lU lU lU --- lU lU --- 6U 4U _-- 9U 8D ---

s

P

i

n

SD a

P

1

n

7D 5D s e

p

1

n	 n

i

5D

P

1

n

a 7 a

P

i

n

e

P

1

n

13D a

P
i

n

13D a

P

i

n

s

P

1

n

ID s

P

1

n

a

P

1

n

n, rps --- 0.29 0.18 0.25
P

--- 0.46 0.23 --- 0.33 0.23 ---0.23 0.18 ---

V, fps --- 340 293 329 --- 390 360 - 412 321
-

412
338

c>1

c	 1
2

ce
0>4

ed11 >13
c >1I >21

Turns 1
f11

2
cdll

df
for ---

odi
--- l -- ce.l

___	 edll '--
recovery Cell 2 2

0e1. dfl
f4

g--- ch.43
YZ

cd2
e2

4 dr4
El l

c.g. moved forward	 0.15c e.g. moved back	 0.15c
AIY	and	 AIZ = 0.34 iy from alternate loading Load factors determined for various elevator settings,

from alternate condition AIX	 and	 AIZ = -0.491X
loading condition

AIY	 and	 AIZ = 0.401Y
Ailerons Against Neutral With Against Neutral With

from alternate loading condition, aileron-neutral
spins

Elevator U N U N U N. U N U N U N D
(b) (b) (1) (b)

a, deg N

o

N

0

^575 N

0

N

0

N

0

N

0

39 N

o Control a R
(radians

Applied load
factor from12U

deg --- --- -- 9D -- setting (deg) per accelerometer

a

p
i

a

P

1

4D

a

P

1

•a

p

1

a

p

1

s

p

1

a

p

1

second) records

A, rps --- -_- 0.26 --- 0.13 --

V, fps 1479
420

---
360 --

Elevator up 26 1.19 1.61

>4
Turns

n p n d >4
n n n

$

n >2 n
for -- --- -- Elevator neutral 26 1.65 1.9recovery al a 1

e2
Elevator down 26 1.74 1.8

a Steep spin.	 NATIONAL ADVISORY

bOscillatory spiny where range of values is not presented, average value is given. 	
fANMITTEE Poi AEUNADTICs

°Number of turns required for recovery independent of phase of oscillation of spin.

dRecovery attempted by neutralizing the elevator.

ORecovery attempted by elevator reversal.
(Number of turns required for recovery dependent upon phase of oscillation of spin.

gResults indicated that the rudder was relativelyi ineffective, when the model was launched with the rudder
full against the spin.

hbfodel goes into an inverted spin after recovery from erect spin. Recovery attempted by elevator reversal.
'Large radius of spin.
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1/57-33-SCALE MODEL OF THE NOFTSROP XB-35 AIRPLANE

•
Dimensional Data

•	 split rudder hinge 822 f c.

•••
(Full-Scale)

b, ft • . . • . • • • . . . 172.00
L, ft . . . . . . . . . . • 50.90
c, in . • • • .	 • . . . . 315.00
S, sq ft . e • •	 .	 .4020.00
A . • . . • • . • • s • • e	 7.36
L.E.o aft LE-Or . • 200.00
S elevon ( aft hinge line). • 273.36
Sr (total) e . . . . . . . . 120.00
Bf (total) . . . . . . . . . 160.00
Se (as elevators), deg . • .20 U, IOD
8e (as ailerons), deg . . 015 U, 15D
Pitch flaps, deg . . . . . .30 U. 15D8r deg . . • • • • • • . .60 U, 60D

8.v*

—GOB G
kpzYng flap 796%c

_i
	 - - I -	 _

,Foal Arad /ire
sn

ros °

Mode/ as tested.

L, line of split rudder

¢ pitch flap hinge

r 0 e%von hinge

Section thru pitch flap

adrowing split rudder
^[ 't

'V

Mass Data	 .trot to sco%
Section thru

eleven

(Normal Loading)

W, lb 155 ,000 Ig—,—...	Y0 •207 X 10-4
X% c	 .	 o	 .	 •	 •	 •	 ♦ 	 ► • •	 0.275 m b2
Z/o .	 •	 •	 •	 •	 .	 .	 •
IX, slug-ft2 .

• .	 -0-014
. 3,380 ,000 I_Y - IZ 	 . . . . . . .-234 x 10-4

Iy, slug-ff 
tt2. 433., 500 mb2

IZ, slug-1 V2 • 	 •	 • • • 3,769,000
I x-Z e	 27 x 10-4Test altitude, ft . .	 .	 20,000
mb2µ (at sea level). . .	 .	 2.92

µ' (at 20,000 ft) . 5.50 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

It should be noted that a, longitudinal movement of the stick
(wheel neutral) deflects both elevon equally in the same direc-
tion whereas a lateral movement of the wheel deflects one elevon
up and the other one down. The rudder deflections were independent
of pitch flap settings. For example, pushing the right rudder pedal
forward (rudder with a right spin) deflected the split rudders on
the right pitch flap 700 up and. 500 down from the wing chord while
the rudders on the left pitch flap remained undeflected.



RESTRUCTED

NACA RM No. L7E15	 77

Resume of Model Test Results

When the rudders were with the spin the airplane in the normal-
loading clean condition would spin only when the wheel was with the
spin and the stick neutral or full back. It was not possible to
effect recoveries from these spins by rudder reversal inasmuch as
the model spun for most combinations of stick wheel positions when
the rudders were against the spin, that is, the conventional recovery
technique of reversing the rudder and then moving the stick forward
would probably not effect recoveries.

Extending or retracting mass along the wing had little effect
on the spin characteristics.

Movement of the center of gravity forward (0.075c) was some-
what beneficial. Movement of the center of gravity rearward (0.058a
or 0.116c) reduced the number of stick wheel positions for which
rudder-against spins were obtained.

For the airplane in the landing condition (landing gear
extended, flaps down 600, pitch flaps up 300, and slots open) the
spin characteristics were generally similar to those for the clean
condition.	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE ^-SCALR MODEL OP THE NORTHROP AB-35 AIRPLANE

[Unless otherwise indicated, steady-spin date are for rudder-with spin of the model in the clean
condition and recoveries were attempted by rapid full ruddbr reversal from right erect spins]

Normal loading, rudders against spin Normal loading, rudder neutral spins Normal loading

Wheel
ailerons Left Neutral Right Left I	 Neutral Right Left Neutral ight

•levrto e
N D U N D U N D U N D U N D U N D

bd
II N D U N D H D

a	 de -
N
0

N
0.

-- - --- 6 26 2
N
0

N
0

N
0

N
0

- - 2$
N
0

N
0

N
0

H
0

N
0

N
0 rt

N
00. deb --- ___ __ ___ 3II 3U 5U __ ---_ 0 0 1D ----

s
•
P1
a

n
D
1
n

0.1 0. 0	 1 a
p
i

°
P1

s
P1

a
P1

--- -- - °
p
1

a
P
1

a
p
1

p
a
1

s
P
1

p
s
1

 -r-- •
P
1

V	 fps 377 66 --- 0 1 0 1 --- 0. 1 0 $ 2 ----

Turns h oc---
o a0 efl ofl

n n n n >8
e l

n n n n n n h ---- a

recovery 2 °ac ej8 2 °'

Slots open, normal loading Slots open, AIy and Iy m 0.30 iy,
rudders against spin normal loading AIY and Al, = O.jO iy

rudders again t spin
Wheel
erona Left	 Neutral Right Left Neutral Right Left Neutral Right Left Neutral RightRi

o	 M IN N ' D
(a

N D II N D U N D IN N D II D U N D a D U N D II N D D	 Uelevator ( i
^

ta) (i) (

a	 d

N
0
s
P
1

N
0

P
1

s•

9	 111)
0

P
1

2

N
0 0

P
1 1

o 261

N
0

P
1

N
0

P
3

N
0
•
P
1

N
0
°
P
1

N
0
•
P
1

0
a
P
1

57 --

N N
0 0

P P
i i

N
0
e
P
11

N
0

P

_-- _

I

z
0. deg 4D 4D 5D lU

.26

-'

- 
_

- D 8D 7D N	 3D 111 1U

a rps 0.11 0. .2
__

.1 0.19 .1
0

2 01 0.20

V	 f a 1 -- -
Turns
for n u n n n _ n n n n n n co n n 'n n

-- - -- '-- -'-
 m ,8

recovery

.g. moved forward 0.075c, e.g. moved forward 0,075c e.g. moved back 0.058T, e.g. moved back o.058crudders against spin rudders against spin
Wheel

ailerons Left Neutral Right Left Neutr Right Left Right Left Right

n	 AsD U N U N D U N D U N D V N D N D U N D U N D U P D U N D N II H Dso 
levet

( U

a, deg
N
0

a

N
0

a

_ N
0

e

N
0

s -

 N
0

s

N
0

e

N
0

s

P
0

s

N
0

e

_ P
0

a

N
0

s

__ N
0

s

N
0

s

N
0

s

N

a

N	 N
0	 0

s	 s

N
0

a

N	 6D
0

s

6
N
0

s

N
0

s

N	 1
0

0.1s

2 6

deg - 8

D-1!0-12)-15 0.12 0.1 0.2 0 0.1
V, fps - Pi P1 - P1 P1 -- PS P1 P1 P1 P1 - P1 P

1
-- P

'S
p1 P1 1 P	 P1	 i P1 P1 pi Pi Pi

Turns
for--

n n
-

n n
__

n n n n
-

n n
--

n n n n	 n n n
-_ --- --_

n n n
1

2^
1

7- m w m
recovery 4 2

e.g. moved back 0.116c, e.g. moved back 0.116c
Pitch fl p deflected
down 150 , normal loading,

Pitch ;Flap deflected
rudders against spin

rudder a. 	 t anina na_ down 150 , normal loading

Wheel
° aileron Left Neutral Right Left Neutral Right Left Neutral I Right Left N.utral Right

n ale As
U N D U N D U N D II N D II N p U N D II N D U	 N D II N D U N D U R D II N D

a	 deg

N
0

N
0

N
0

N
0

N
0

N
0

N
0

N
0

N
0

56 71 66 73 60

N
0

N
0

N
0

N
0

N
0

N
0

_-

N N
0 0

N
0

N
0

N
0

N
0

N
0

N
0

0, deg N	 3D N	 2D 0 N	 ID 1D 1D0 0

a
P
1
n

s
P
3
n

a
p
1
n

a
P
1
n

a
P
1
n

a
p
1
n

a

P
1
n

a

P
1
n

a

P
1
n

0.1
s

P 255
1
n	 fl

0.230.19 0.2
a
p
i
n

a
P
1
n

a
P
L
n

a

P
i
n

a

P
1
n

s

P'
S
n

-

-- 360
a s

P
i i

n

a
P
1
n

a

P
i
n

a

P
i
n

a

P
l
n

a
P
1
n

9,2.
a
P
1
n

a
234 9 239 34 244 2 --

rTurr
ns

1
n

1
2

2 4 3 2 -- -- 0D ;8f 3 3

aterge radius oscillatory spin, average values given. 	 (Visual observation. 	 MATIONAL ADVISORY

bWandering spin.	 gSteep spin.	 COMMITTEE FOR AERONAUTICS.

OSteep spin and wandering spin. 	 hRecovery attempted by moving rudder to full against the spin.
d0acillatory in pitch. 	 10scillatory spin.
sRecovery attempted by moving rudder to full with the spin. JOccasionally oscillated out of spin.
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RF3TRICTED

SPIN DATA OBTAINED WITH THE	 SCALE MODEL OF THE NORTHROP XB-35 AIRPLANE - Concluded

[Unless otherwise indicated, steady-spin data are for rudders-with spin of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spina]

Lending condition, normal loading,	 Landing condition, 	 Landing condition, slots closed,
rudders against spin	 normal loading	 rudders against spin, normal loading

Left	 I Neutral	 i	 Right	 I Left	 Neutral Right I	 Left	 I	 Neutral	 Right
As

Q, deg BD --- 6D 4D I 6D I 4D I 3D 4D 2D o

a

i

0

a

i

0

a

i

0

a

i

0

s

i

0

a

i "-

0

a

i

0

a

i

3U --- 2U . 30 3U 2U 2U 4U

-1	 s 0.1 0.1 0.17 0.18 0.21 0.20 0.21 0.14 --- 0.19 0.16 0.20 0.21 0.20 0.21

V	 P a o  20 60 08 2 6 20 2 1 --- 0 1 1 276 2 8

±o.16

Turns n n n n n n n n

for_ __ _ _ ___ _ __ _ _ _ _ -_ __
recovery

Lending condition, slots NATIONAL ADVISORY
closed, normal loading

aLar a radius oscillatory 	 COMMITTUfOR AUMAVi1C5
g	 ry spin, average values given.

SOscillatory spin.
ILacreasing radius - may not spin.

Wheel
ailerons Left Neutral Right

As U N D U N D U N
elevator a)

ade --__

N N
0 0

N
0

N
0

N
0

0 ___- ---

dog lU -

2 	 r s
--_
---

a Ps
Pi i P

s
i P

a
i P

e

i

0.1 -
V	 fps 340 340 ^--'

Turns n n n n n
for--- - m _--

'A"̂
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SCALE MODEL OF THE BURNELLI XB-AB-3 AIRPLANE

Dimensional Data

(Pull Scale)

b, ft • • . . . . . . . •	 64.00
L, ft .	 •	 .	 .	 . .	 .	 .	 .	 .	 46.50
c9 in.	 .	 .	 .	 • .	 .	 .	 .	 .

/ 00
1

(
5̂

(
1.92

S, aq ft.	 .	 .	 . y
.	 .	 .	 .	 .	 /	 .00

A... ...... 5.85
L. E. o	 aft L.E. fus, in.	 26.64
Sh , sggft . .	 . .	 .	 .	 123.00
Se , sq	 .	 .	 .

^
ft

,
. . .	 443.00

Sv, ysq 1 V .	 .	 . .	 .	 •	 .	 .	 72.70
Sr, sq ft .	 .	 . .	 .	 54.00
Sr, deg .	 .	 .	 . .	 .	 .	 35 R, 35 L
6 e, deg .	 .	 .	 . .	 .	 .	 35 U, 25 D
S a, deg .	 .	 .	 . 30 U, 20 D
$ f, deg .	 .	 .	 . . . •	 60 D
TDPF.	 .	 .	 .	 .	 . . . . 1735 x 10 b
Landing gear. . . . .Conventional

(with 2 tail wheels)

II

41-22

/5.721"
	167"

. /B"	 /.04" -goo"

hinge

Mode/ as tested.

Mass Data

Normal Loading

W, lb	 24, 500
x/ cg	 . • . •	 . 0. Z?O
z^	 -0.06
Ix ., jug-ft2. ° .	 . 65,696
Iy, slug-ft2 ° . °	 ° . 39,995
IZ , slug-f`t2. . . . . . 104,142
Test altitude, ft . . . . 20,000
P (at sea level). . 	 7.14
K'(20,000 ft) . . .	 13.40

IX- Y	 s	 •	 83 x 10-4
mb2

Iy- IZ . . . . . . . .206 x 10'4m_.. b2

ZZ ..  IX .. . . . . . 123x104
mb2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

In the clean condition, normal loading, normal control con-
figuration for spinning, the high rate of descent (in excess of
295 feet per second), of the model did not permit recovery tests.
Setting the ailerons full with the spin flattened the spin and
recoveries obtained by rapid full reversal of rudd.ers.were unsatis-
factory. Setting the elevator down resulted in satisfactory
recovery characteristics of the model for all aileron settings.

Extending or retracting the mess along the wings (AIX and
ATZ = 0.20 IX) extending the mass along the fuselage (Aly and
A17, = 0.30 Iy) or movement of the center of gravity forward 0.05cg

or back 0.10e9 had no appreciable effect on the recovery charac-
teristics of the model.

For the landing condition (landing gear extended, flaps
600 down) or for a condition with only the flaps 60 0 down, satis-
factory recoveries were obtained from the aileron-neutral and aileron-
against spins. Extending the landing gear alone had no appreciable
effect on the recovery characteristics of the model.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE-1 -SCALE MODEL OF THE BURNELLI XB-AB-3 AIRPLANE

(Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full :udder reversal from right erect spins]

Normal loading a IX and A Iy - O.2OIX d IX and A Iy - O.2OIX

Ailerons Against Neutral with Against Neutral With Against Neutral With

U N D U N D U U N N D D ll N D U N D U N D U N D U N D U N D
Elevator (a) (a) (a) (a) (ab) (b) ab) b) (o) 0) a) a) a) a) a) a) a)

(X, deg - - N
o

s
P
1
n

- - p
o

a
P
1
n

- 48 - 45 N 37
o	 1D

a
P
1
n

- N
o

s
P
1
n

N
o

e
P
1
n

-
-

-
_

_

N
o

e
P
1
n

N
o

a
P
1
n

N
0

e
P
1
n

-

°
_

N
O

s
P
1
n

- N
0

a
P
1
n

9
^. dog - - - - - 5D - 2D - -_ - - - - D -

Ro rps - - - - 139 - .46 .49 - -- - - - 37 -
V, fps - - - - - 238 - 238 _ _ _ _ _

Turns - - _ _ 21 11 _ >4 _ _ _ _ ^1for
recovery

Aly and d Iy - 0.30Iy o.g. moved forward 0.05599 o.g. moved back 0.1Oog

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N D U N D U N D U N D U N D U N	 D U N D U N D U N D
Elevator ( a) ( a) (a) (e) (a) (a) (a)

Q	 dog - - - - - I	 - 1	 52 142 - - - - - - 43 - 1- - - 1
N
0
a

P

32 - N
o
a

P

54 15 -
^, dog - - - - - 3D 3D 14D	 I - - 2U 3D 1D

,{Z,rps - - - - - - 0.35 0.41 - - - - - - - 0.3 - - 0.28 - 0.34 0.41 -

V, fps
_ _ _

_ _ - 234 258 - _ _ _ _ _ - 251 -

Ir

295
-

234 2 -

Turns
>

for - - - - >31 11 - - - - >? - n 3 - n d 1 3 -
reeovery 1

Flaps down 600, normal loading Landing 	 extended, Landing condition, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator
U N D	 U N D U N U N D U N U N	 D U N D	 U N D U N D

La) ) ) (a) (e f) (a)

CC, deg 30 29
N	

44

o	 4D

s	 .35

31 31 50 47 - -
N
o

s
0.40

P 241
1

31 27 30 49 47 40

de 2D lU 1D 0 3D 3D

F45

- -
N
o -

N
o

C A 
s

- -
N
0	 0 1 I

rps 0.30 0.45 0.48 0.52 0.37 0.44 - -
2

n,
e

- - - - 0.36 0.48 0.52 0.38 0.46 0.48

Y, fps 276 278 P	 234
1
n

252 247 227 216 - - P -
1
n

- 261 P - - P 288 268 256 2E7 221 221

Turns
1 1

for 3 3 2 2 li >212 3l 21
- - -

n >
n-

n	
1 1 1 d 4 23recovery 2 3

aVertioal velocity too high to teat. 	 dRecovery attempted by simultaneous reversal of rudder and
bTwo conditions possible. 	 elevator.
O Two types of spin. 	 aOscillatory spin.

Large radius of spin and vertical velocity too high to test.

NATIONAL AOVISOAY
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-1 ~SCALE MODEL OF THE CONSOLIDATED XPB3 Y-1 AIRPLANE

Dimensional Data

( Full Scale)

b, ft .	 • .	 .	 .	 .	 .	 •	 .	 .	 180.00
L, ft .	 . .	 .	 .	 .	 .	 .	 .	 .	 . 99.87
S, in.	 . .	 .	 213.00
S, sq ft . 2875.00
A • .	 • . 11.28
%, sq ft 446.00
Se, sq ft .	 .	 .	 .	 .	 .	 .	 .	 149.00

Sv, sq ft .	 .	 .	 .	 •	 •	 •	 .	 157.15
Sr, aq ft .	 .	 .	 .	 .	 .	 .	 .	 .	 89.75
6r , deg . •	 .	 .	 .	 .	 •	 30 R, 30 L
6e , deg . .	 .	 .	 .	 .	 .	 30 II, 30 D
6a, deg . .	 . .	 .	 .	 .	 25 U,	 15 D
TDPF	 . . .	 .	 .	 .	 .	 .	 .	 .	 •	 .	 .	 0

Mode/ as tested.

Jize a0d /ocaft" of allera ' off rnootl/.
(Dirness 10^f fu// MOle)

Mass Data

Normal Loading

W, lb . . . . • . . . . . 105,000x/a'.......... ..0.213
z/c . . .	 . . . . . . . . 0 .158
Ix, slug-ft2 • . . . . 1,195,42o

IY, slug-ft2 . . . . • . 568,000

Ig, slug-ft2 . . . . . 1,740,000

Test altitude, ft . . . . 10,000

w (at sea level) . • • . . 2.65
(10,000 ft) • .. .. . • 3.59

Ix - Iy . 
• . .	 . 59 x 10-4

ab2
IY IZ	

-111 x 10-4
mb2

12 2 I
	 52 x 10-4

mb

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resumd of Model Test Results

ROTE: Because of the type of model wing construction used, the
installation of conventional ailerons such as those used on the
airplane was not feasible. The ailerons were simulated on the model
by attaching strips of balsa of approximately correct span and area
on the trailing edge of the wing.

For the normal loading, clean condition (wing floats retracted),
and normal control configuration for spinning, the spin was very
steep (m = 190) and the rate of descent high. With the elevator up,
a similar spin was obtained when the ailerons were with the spin, but
the model would not spin when the ailerons were set against the spin
or when the elevators were wither neutral or down regardless of the
aileron setting. Although no recoveries were attempted the test
results indicate that full rapid reversal of both rudder and elevator
would have led to satisfactory recoveries from spins obtained.

There was no appreciable effect on the spin and recovery character-
istics of a large increase in the mass distribution along the fuselage
(AIy and &Tz = 0.50 Iy) or of a rearward movement of the center
of gravity 0.096 from its normal. position.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE z-SCALE MODEL OF THE CONSOLIDATED XPB3Y-1 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the
model in the clean condition]

AIg and AI Z' AIY and YAIZ

Normal loading AIY and AIZ
5Rudder against c.g. move7	 back= 0.50IY spin

Ailerons Against Neutral With Neutral With Neutral With Neutral With

Elevator T? N U N D U N U N U N U N U N U N U D
b

a,	 deg. N

0

s

p

N

0

s

p

19 N

o

s

p

N

o

s

p

20 N

o

s

p

23 - 30 N

o

s

p

- - - - 23 N

o

s

p

- -

s6,	 deg. 12 U 1 U 16U - 10D - - - - 6 U - -

n, rp s 0.27 0.15 - 0.28 - - - - 0.15 - -

V, fps 255 273 - 226 - - - - 273 - -

Turns

r282

f or
recover n n n n n n n

Load
factor 3.07 2.88 2.58 2.03 2.53

a	 NATIONAL ADVISORYModel went into steep tight spin.
bModel went into spin or spiral.	

CONNITTEE FOR AERONAUTICS

eModel went into steep spin or spiral.
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1/122-SCALE XDDEL OF THE GRWIYAN xTBF -1 AIRPLANS

(Full-Scale)

b,ft..	 •...• •.	 • 54.17
L,	 ft	 •	 .	 .	 •	 . .	 • .	 .	 • 39.90
S',	 in	 .	 .	 •	 .	 . .	 . •	 .	 • 117.18
S, aq ft	 .	 .	 • .	 • .	 .	 . 490.00
A..,	 ..	 •...... 5.99
L.E. c aft LZ or .	 • .	 .	 . 10.33

Sh, aq ft .	 .	 . .	 • .	 .	 . 1
1
02.65

39isg ft-.°0.00• `T5.30
38.75Sv, sq ft .	 . .

Sr, aq ft . . •
•	 .
•	 •

.	 .
15.25

8 r, deg •	 .	 .	 • .	 .
.	 .3o
. R,

50 , deg .	 .	 .	 . .	 . .	 30 U, 20 D
5a, deg .	 .	 •	 • .	 . .	 22 U, 18 D
8f, deg .	 .	 . •	 45 D
TDPF	 .	 .	 .	 . 202 x 10 -6
Landing gear• .conventional

4.09'

/30� /3./
/.4 'S

83°	 sue. 0- flap

250.

s/ot	 aileron hinge

29.54"

I^zos^	 zoo"
;.L	 13.38"	 .64'

Zs	 436"

T.L.
rudder hinge

2° incJdence
-----2Q65"

Mode/ as tested.

Puss Data

Normal Loading

Original Revised Original Revised

W, lb	 .. •	 . .	 13,224 13,975 Ix - 
lY . . - 77 X lo-4 -93 x 10-1a5/c . , .	 0.250 0.252

Zf a •	 s	 . •
Ix slug-ft^

.	 •	 •	 -0.001 -0.004
•	 • •	 .	 .	 11,748 11,807

IY slug-ft2 . • . .	 .	 .	 21,156 23,E IY - 1Z . . -83 X 10-4 -78 x 10-1
IZ slug-ft2 .	 . . .	 .	 .	 31,183 33,576 mb2
Test altitude} ft . . .	 100 000 105000
4 (at sea level)
91 (10,000 ft)	 .

. . .	 6.50

. . .	 8.81
6.88

9.31
IZ - Ix 160 x 10-4 171 x 10-)

mb2 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Resume' of Model Test Results

In the clean condition, normal loading, all recoveries obtained
from elevator-up spins, regardless of aileron setting, were satis-
factory by rapid full rudder reversal. With the elevator either
neutral or down, the model spun at flatter attitudes than for
elevator-up spins (150 compared to 230) and recoveries by rapid full
rudder reversal were generally unsatisfactory. In general, setting
the ailerons with the spin, steepened the spins and improved the
recovery characteristics of the model, whereas setting the ailerons
against the spin had little effect.

Movement of the center of gravity forward 0.08c or back 0.05c
from its normal position did not appreciably alter the recovery
characteristics of the model.

Increasing the mass along the wings (AIX and AIZ = 0.40 Ix)

enabled satisfactory recoveries to be obtained from all spins when
the ailerons were set against the rotation and from the elevator-
up and elevator-neutral spins when the ailerons were neutral. When
the ailerons were set with the spin, recoveries were generally
unsatisfactory.

Increasing the mass along the fuselage (Aly and ©I Z = 0.10 Iy)

generally flattened the spins and retarded recoveries for all control
settings as compared to the corresponding spins for the normal
loading.

Deflecting the flaps 450 and opening the slots had an adverse
effect upon the recovery characteristics of the model for all
elevator-up spins; however, when the ailerons were with the spin,
with the elevator either neutral or down, there was a favorable
effect. Tests conducted with the slots open alone (data not pre-
sented) indicated little effect on the recovery characteristics
of the model. For the landing condition (flaps and landing gear
extended, slots open, pilot's canopy open, and turret fairing
retracted), elevator-up spins were flatter and recoveries were
generally slower than the corresponding spins for the clean
condition.

Recoveries from all inverted spins obtained were satisfactory
by rapid full rudder reversal.

In an attempt to improve the recovery characteristics of the
model for the elevator-neutral and elevator-down spins, various
tail modifications were tested on the model. The results indicated
that by adding area both to the top of the vertical surfaces

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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(modification 1) and below the fuselage in the vicinity.of the hori-
zontal surfaces (modification 3) or extending the rudder downward
(modification 2) greatly improved the recovery characteristics of
the model. Redesign of the vertical tail surfaces (modification 4)
was also beneficial. When Iy and IZ were increased 0.401y

above normal, however, these tail modifications would not insure
satisfactory recoveries from elevator-neutral or elevator-down
spins.

The model when tested in the revised design (see comparison
sketch) generally exhibited steady spin and recovery characteristics
similar to the spin and recovery characteristics of the model in
the original design.	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE •Ẑ'2 SCALE MODEL OF THE GRUi111AN XTBF-1 AIRPLANE

Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition
original design and recoveries were attempted by. rapid full rudder reversal from right erect spina]

Normal loading Rudder neutral spina, normal loadin AIX and AIZ = 0.20IX

Ailerons Afainat Neutral With Against Neutral With Against Neutral With

Elevator U N D U N D
e

(Nb)
b

D U N	 D U N	 D u D 0 N D U N D U N D

a	 de z o 2 23 4 49 ---- 38 24 41 ---- 44 ---- ---- 2 2 6 8 2 6 z2 26
Or, deg lII 7U 5U 7D 4U 4U ---- 1D 1D 0 ---- N 8u ---- N 5U ----

L>2.30

9U 0 6U 6U 4D 4U 3U 14D 2D 0

f^ rps 0.38 .4 a46 a49 0.46 0.4 ---- 0.5 0.65 a49 ---- ° 0.47 ---- ° o. ---- o. 0.
V, fps 246 158 151 258 160 151 >280 181 232 170 >280

p 
155 >28o p 166 >280 23z 58 164 155 262 173 160,275 224 203

3 i i
°>5 n n

1-

d15

Tr

rs 3
-^;;

42 aZ 2t 14 4 ---- --- ---- --- ---- ---- '-- 1 22 44
1 34

4^
11^F 12 2

dldl '4 4

recovery
el

el

a1 42

AIX and AIZ = 0.4oIX AIy and AIZ = 0.20Iy AIy and AIZ = 0.4%

Ailerons Against Neutral With Against Neutral	 I With Against Neutral With

U N D U N D U N  N D
a

N	 D U N D U N D II N D U	 N D
Elevator

a, deg 24 35 36 22 33 41 40 30  - 50	 ---- -	 44 - - 21 52 56 57 43 50 50 -	 21 20

g, dog 1U 6u 7u 3D 3U 5u 2D 1D

ID

 - 6u	 ---- -	 311 - - 0 6u 5u 4u lD 3U 3U -	 1D 0

n, rps 0.50 0.53 0.51 0.51 0.60 0.50 0.42 o.56  - 0.41 ---- - o.43 - - 0.71 0.32 0.39 0.33 0.37 0.38 0.3 - 0.74 0.70

V	 fps	 .267 24 173 254 228 172 194 194  - 155	 275 164 - - 252 168 151 147 190 164 158 - 271 232

Turns

2
1 I^ 3 3^ 2 3	 -- ---- a -

1=
4 Z m ao l 54 m- 1

>5recovery

flaps down 45 0,
Landing gear extended, Landing condition,

Slots op
noento

normal loading normal loading

Ailerons Against Neutral With Against Neutral With Against I	 Neutral With

Elevator U N D U N D U N D U N I 	 D U N D II I	 N D U N I	 D I	 U N D U N D

a 	 deg 50 50 52148 47 47 143 18 zl 47 52 55 44 48 51 ---1 25 42 51 52 153 1.49 49 52 46 19 39

(d,	 deg 3U 311 3II I lU lu 3U 3D 5U 5U 7U 7u 6U 3U 4U 4U --- 1D lU 4U 4U 411 1 lU 2U 2U 2D 4U 2D

JZ rps - 36 0.440.4 0. o.45 o.46 0.37 •7 2 0 - 7C 0. 32 04 o.4i o•39 o.46 •4 --- 0.670-50).393.45).46).38 0.45 0.46 0.37 0.65 o.48
V, fps 56 L43 141 1158 L47 143 164 241 207 L77 L49 149 90 16o 53 >28o 228 168 156 143 135 156 147 143 1 164 228 151

Turns
for

1
3 4124z 7 3 4Z 6

1
22 2

1
21

1
4z

1
2^

1
614 -

---

1
12 cc

1
3-z 5 ac 3 6 8 2 1 5

recover

Inverted spins, Effect of tail modifications, aSteep spin.
normal loading normal loading bTwo types of spin possible.

°Recovery attempted by
rudder neutralization.Ailerons Against Neutral

Ailerons Against Neutral	 With
dRecovery attempted by

U N D	 U	 U	 N	 D

Elevator.. N D D
simultaneous reversal of
rudder and elevator.Elevator

(a) Modification eRecovery attempted by
rudder reversal and and j - 3 -N	 N	 -	 N N	 2	 -	 N

0	 0 0	 -	 0 0	 9D	-	 o

a	 s s	 s s 0.48	 -	 s

p	 ' p	 >280 P P 267	 1280 p AI

Normal

loading

elevatorelevator neutralization.
(Wandering and oscillatory

spin.

NATIONAL ADVISORY

deg 2 - 3 34

^ rps 4 j

V, fps and AI 1 and - 6'

2 4 cc co
Tu: ns 1	 i i	 -	 1 1	 1	 _	 1

Y0.40I	
Z

CDNNITM FM AMMOTICS

4 4 w 6scorer
n	 n n	 n	 n

=

Y19.

Revised design, landinglevised design,
gear extended, slots ending 00ndi-

Revised deai	 revised normal6n• closed. flaps neutral, ions revised
loading to '10m al loads

Ailerons Neutral With Against Neutral Neutral

Elevator U N N D U N D U	 N D Ur	 N D U N D
.car) (a)

a, deg --- 47 44 44 --- 19 22 -	 51 52 -	 46 48 49 48 ---

Or, deg --- 6u

Against

16O280

4u 4u --- 1D 0 -	 7U 7U -	 4u 5U 0 lu ---

rps _--	 0.  .44 .45 --- 0.7 0.72 -10-.44 0.45 - 0.4610-46 0.35 o.43 ---

V. fps ---	 168 168 168 >280 262 228 -1164 156 - 168	 lyj 168 156 151
Turn"

re
for

--- 5
1

4 4 00 --- 1 00 -	 72 m -	 5 3
4

m



Areas (Full scale)
Mod. I . - 4.O Or,?. ft.
Mod. Z - 4.Ssq.ft
Mod. 3 - 4.Z sq. ft

—original tail
----•vwodified tai/
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t

Or/gIml model

Modifications 1. 2 and 3
Modification 4
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-SCALE MODEL OF THE VOUGHT-SIKORSKY XTBU-1 AIRPLANE

Dimensional Data

(Full Scale)
	 /0.58	 e4ev hinge

b, ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 57.17
L, ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 . 39.00

in.	 .	 .	 .	 .	 .	 . .	 .	 .	 . 93.80
S,S, sq ft	 .	 .	 .	 .	 . .	 .	 .	 419.50
A. .	 ..	 .	 .	 .	 .	 . .	 .	 .	 .	 7.44
L. E. F aft L. E. c  1.75
Sb , sq ft .	 .	 .	 . . 96.40
S e , sq ft .	 .	 .	 . 22.50
So, sq ft .	 .	 .	 .	 . .	 .	 .	 . 40.50
Sr , sq ft .	 .	 .	 . .	 17.50
br , deg .	 .	 .	 .	 . 25 R, 25 L
Se, deg	 .	 .	 .	 .	 .	 . .	 30 U, 20 D
ba, deg	 .	 .	 .	 .	 .	 . .	 30 U, 12 D
8a, deg (landing condition)	 25 D

(Aileron deflections
measured from
drooped position)

S f , deg	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 50 D
b s , deg (spoilers) .	 .	 . 0,	 50

.	 121 x 10-^TDPF	 .	 .	 .	 .	 .	 .	 .
Landing gear	 . .	 . Conventional

'L.Aly.

aileron hinge

.cam ¢_ flap

2a63°

/.B°

70°
^is.33"—•I

Model as tested.

Mass Data

Normal Loading

W,	 lb	 .	 .	 .	 .	 . 13,216
xAF . . . 0.252
z / 18- .	 .	 . -0.018

IX,	 slug-ft2 	.	 .	 . .	 .	 12,543

IY ,	 slug-ft2 	.	 .	 .	 . .	 .	 23,969
I Z ,	 slug-ft2 	.	 .	 .	 . .	 .	 34,911
Test altitude, ft . 	 . .	 .	 10,000

p (at sea level)	 .	 . .	 .	 .	 6.85

P 1 	 (10,000 ft)	 .	 .	 . .	 .	 .	 9.29

Ix - IY . . .
	 .	 -85 x 10

-4

mb2
IY - IZ	

. .	 -80 x 10-4
mb2

I  - Ix	
. . . . . 165 x 10-4

mb2

NATIONAL ADVISORY
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Resume of Model Test Results

For the normal loading, clean condition, and normal control
configuration for spinning, the model spun very steeply (a = 220)
with a high rate of descent (288 feet per second). Satisfactory
recoveries were obtained either by rapid full rudder reversal or
by simultaneous neutralization of rudder and elevator. Setting
the ailerons with the spin steepened the spin and hastened recovery,
whereas setting the ailerons against the spin flattened the spin
and produced unsatisfactory recoveries from the elevator-neutral
and elevator-full-dorm spins.

With the mass extended along the wings (AIg and AIZ = 0.40 Ix),

there was a reversal of aileron effect and recoveries from the
aileron with spins, elevator either neutral or down, were unsatis-
factory. The elevator-up spin was too oscillatory to test.

A forward or rearward movement of the center of gravity 0.050
from its normal position had no appreciable effect on the recovery
characteristics of the model.

For the landing condition (landing gear extended, flaps
deflected 500, ailerons drooped 25 0, slots open, and spoilers in
operation), recoveries by rapid full rudder reversal were satis-
factory from the aileron-neutral and aileron-with spins. The model
would not recover, however, from aileron-against spins. There was
little effect on the recoveries of the model of either opening the
slots or extending the spoilers alone (data not presented).

Recoveries by rapid full rudder reversal from inverted spins
obtained were satisfactory. 	

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE ..SCALE MODEL OF THE VOUGHT-SIXORSNY XTBU-1 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spine of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spins)

Normal loading Rudder neutral spina,
normal loading AI	 n	 A	 = 0.20 IX and	 IZ 	x

Ailerons Against Neutral With Against Neutral With Against I	 Neutral Witt

Elevator II N I	 D U N D II E D II N D N D II N D II N D II N D II N D

a, deg 27 48 47 22 30 32 N
0

p

23 26 ---- N
0

p

N
0

p

 N
0

 D

N
0

p

--

--

--

E
0

i

E
0

S

-- -- 26 21 -- 26 -- -- 25

deg 4U 4II $U 2D 4U 2II 1D lU ---- -- -- SO 4D -- 4II -- -- 1D

Q, rpa 0.40 0.45 0.44 0.46 0.53 0.53 0.68 0.87 ----

r>300

- -- 0.55 0.46 --.0.57 -- -- 0.68

V	 fps 261 f76 122 288 234 203 n 265 238 >300 n n  n n n n '- 225 283 - 229 -- -- .238

Turns
1

3
1 1 lg

1
for

S3
w

17F 1̂

1

^

---- ---' -- 1 1
1recovery b3 61.41 -- -- ---- -- 112 -- -'

. a3 a a^2 a4 •'}c1 +ei
8 S 1 1

AIX and AIZ = 0.40 IX AIY and AIZ w 0.30 ry AI, and AIZ = -0.10 Z

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U I N D U N D U N D V I N D U N D U N D U. N D U N D U N D

a, deg 22 N N 21 22 23 --- 40 41 23 48 50 --- 23 28 ---- 22 18 22 28 38 23 28 39 N 20 23
0 0 o

de 0 3D 5U 5U --- 5D 4D 0 3U 30 --- 0 0 ---- 2D 11) 2U SU 5U 3D 4II 2II 2D O
f2	 n 0.42 p p 0.49 0.62 0 . 63 --- 0.43 0.48 0.37 0.38 D.37 --- 0 .53 0.49 ---- 0.69 0.69 0.44 0.53 0.47 0.50 0.57 0.52 p .74 0.66
V	 fps 278 n n 274 256. 238 --- 185 185 269 176 171 300 249 225 >300 300 274 663. 220 180 269 225 194 n 265 234

Turns 1 1
1 1 3

1 1 3 4 ---
1 3

----
1 1 3

I
12 3

1
1; 1 1

recovery
1^ --- 3^ -' 174 IT '1 g 1

2
T

13
1;

e.g. moved forward 0.05E e.g. moved back 0.0518 Landing gear extended, normal loading

Ailerons Against Neutral With Against Neutral I	 With Against Neutral With

Elevator II I N I D U N D U N D D N I D D U N D U N D II N D U N D U N D

P) (f (a)
a, deg 24 35 47 20 26 36 --- 19 23 «- 27 48 36 --- 25 29 N

0

p
n

--- 22 231 281 32 22 25 27 --- 20 24

deg 5U 4II 4II 2D 3U 4II --- 1D 1D --- 711 6U .5U --- 2U lII --- 1DI 4U 8UJ 7U 3D 4II 3U --- 2D 0
O rpa 0.45 OA7 0.44 OA9 0.55 0. --- 0.680.65 «- 0.49 0.41 0.44 --- D.52 0.51 --- 0.68 0.43 .50 0.52 0.470.58 0.56 --- 0.69 0.64
V	 fps 256 174 167 269 225 194 300 269 236 276 234 176 243 00 234 216- 252 56 220 1207'274 238 216 --- 265 234

1

l

1
1;

TPors 1

1g

3
3

11 2 1 '-- 1 l24 111 -- 1 --- 1
3 1.C1

11i
3

11T ll2 _-- 1 112
recovery

g 1
2'

^ 7E ___ 3
1.4

Z- 3 T
$

Landing condition, normal loading Inverted apins,normal loading aRecovery attempted by neutral-
izing rudder.

bRectaneo attempted by
Ailerons AgainstAB Neutral With AgainstAg Neutral With taneoua neutralization of

ion of

rudder and elevator.
Elevator II N D II N D U N D D N D N D U N	 D cReeevery attempted by simul-

taneous full rudder reversal
and neutralisation of the
elevator.

dVertical velocity too high to
teat.

°Oscillatory spin.
fTwo types of spin.

a, deg 37

1D

0.33

47

1D

0.42

48

2D

0.43

N
0

S

1

16 20 N
0

S

1

N
0

S

1

16 N
0

S

1

N
0

S

1

N
0

S

1

N
0

 S
1

N
0

S

1

37 32 N
o

S

1

deg	 - SO 9U 7C

k247

4D 4D

O	 r e 0.61 0.57 0.70 0.35 .46

V	 f a 180

7

158

m

154 n 238 212 n n 234 a n n  n n 229 238 n
Turns 1 1 1

1 3 3

recoover
Co T T
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Dimensional Data

(Pull Seale)

b, ft (upper) . . . . . . . 28.50
b, ft ( lower) . . .	 .	 .	 . 28.46
L,	 ft .	 .	 .	 .	 .	 . .	 .	 .	 .	 . 22.13
', in.	 .	 .	 .	 .	 . .	 .	 .	 .	 . 56.00
S, eq ft	 .	 .	 . . .	 .	 .	 .	 252.00
A.	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 3.22
Shp eq ft .	 ..	 . .	 .	 .	 .	 . 33994
Se, sq ft .	 . . .	 .	 .	 .	 .	 14970
Sg; eq ft	 . . .	 .	 .	 .	 13.95
Sr ,	 8q ft	 .	 .	 .	 . .	 .	 .	 .	 .	 9.00

art deg .	 .	 .	 .	 ® .	 32 R, 32 L
Be * deg .	 .	 .	 .	 . ,	 30 U, 30 D

TDPF	 .	 .	 .	 .	 .	 . . .	 114 x 10-6
lAnding gear	 . . .	 .	 .	 .	 . Fixed

34.20"—

i
i

a

Mas s Data

^

Model as tes ted+

T.L.

T3"

Ir
^?g'e

W, lb . . . . . . . . . . . 3704
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Yo --SCALE MODEL OF THE BOEING XNF1-1 AT 	 E

Normal Loading
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Resume of Model Test Results

For the normal loading, clean condition, normal control configura-
tion for spinning, the model spun in an-oscillatory manner and test
results indicate that recovery by rapid full rudder reversal would have
been unsatisfactory. Setting the elevator either neutral or partly
up had no definite effect upon the spin characteristics of the model.
With the rudder set initially against the rotation, the model would con-
tinue to spin with the elevator either neutral or down.

Moderate variations in mass distribution (±20 percent) or in
center—of—gravity position (10.036) had a slight favorable effect on the
recovery characteristics of the model, but the recoveries from elevator—
neutral spins were still generally unsatisfactory.

Attaching two 116—pound bombs, full scale, externally to the wing
at approximately 44 percent of the semispan from the plane of symmetry
had a favorable effect on the recovery characteristics of the model;
whereas, a 474--pound bomb, full scale, attached to the bottom of the
fuselage at approximately the center of gravity retarded recoveries.

In order to improve the recovery characteristics of the model.,
additional area was added to the top of the fin and rudder (modifica—
tion 1). For the normal fighter loading and with the mass retracted
along the wings 1AIX and ATL = --0.20 Ix) the model recovered satis-
factorily except when the elevator was full dorm. 	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTIC.,
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SPIN DOA OBTAINED NIM WE LSCXX MOVM op m BOEIM XNEM-1 UM LM
10

L0hle3g otherwise Indicated, steady-spin data are for rudder with spins Of the modal In the cleancondition and recoveries were attempted by rapid full rudder reversal from right erect apinal

Normal loading Normal loads
rudderrudder neutral spine

Normal loading
rudder against solne

Ailerons Neutral Against Neutral x1th Against Neutral,

Elevator 50OU 25 OU
12?

0
"Ou

1 0
7-Y I (N

U N D U 14 D U N D U N I	 D U (A (D( 
a) -Y a) (a) (a) .1

-r, dog 7 ---- 147 49 1 49 -- — ---- ---- ---- 144 46 ---- -- -- ---- ---- -- -- ---- --- 41 41
0, dog 4D ---- 3i ---- 2D ID ---- ---- ---- ---- 1 0 0 ---- ---- --° ---- ---- ---- 60 49

11, rpa 3 -49 0-52 0.55 0.54 ---- ---- ---- ---- 0 .56 0.58 ---- ---- ---- ---- ---- ---- ---- 0 •57 0.57
V, fps ill 113 110 105 ---- ---- ---- ---- 113 - 108 ---- ---- ---- w w__ ---- ---- ---- 113 115

Turnsfor ---- O CO bil ----
Go
6 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----

recover7 2
73
b 4

Effect of mesa variations and e .g. movements an turns for recovery for aileron -neutral spins

Elevator V	 1 25 OUI N	 100D 15-D 200D I D Elevator U 25ou l N 13001) 15'D 200D D

Aly and AIZ	0 .20 ly ----
b 1.11 ---- ---- ---- Aly and Alz - -0 .201 .2 ---- 2j ---- ----I ---- ----
b e.g. moved back 0.035 02
73

AY 	 and &1 0 201ye.g. raised O.W,
---- b2

-2

bit
1b3
2

b.
.14 ---- ---- ----

&Iy and AT,	 -0.20 Iy ----
01

21

2 ---- b32 ---- b
5

3i
LL

c4 b>8

AIX and a1z	 0 .20 Ix ---- 0 1 12F .... .... .... .... 2 - 116-pound bombs
c ll

21
----Aly and DI  =-0 .20 I

I

jTy and AIZ c-0.20 Ty ---- 2 2 ---- ----- ----

1 - 474-pound bomb
Aly and aTZ -_0.20 ly

---- c4
4

bc
AIX and sly = -0 .20 IX

1 :2t 2
b
4

0,
Rjy and AZZ = -0 .20

1; 474-pound bomb
A	 and AT be

15 00 ---- ---- ---- ---
.AIy and AIZ = -0.20 1

X	
z . -0 2OT-1b,11

Aly and AIZ = -0:20 

I1'

e.g. moved forward
0-035 4

1 	 t

Effect of . jeess variations,
and modifications on spin

weight
characteriat

chaTa, e.g.
as for

t a
the
movements, Effect of modifications on turns

for aileron-neutral spins
for recovarT

aileron-neutral, elevator neutral Matting
Elevator U x DV,

0

One - 474-Pound bomb
AIX and AIZ = .0.20 IX

uar	 feat fin area ( full scale1 
reaa.	 to t

o 
p of fin

^bc ---
d.'g dea row fps

racqaM

One- 474-pound bomb a 50 2D 10.59 113 ---------

Tsm- 116-pound bombs ad 45 ?D
1 

0 -54 119 ---------

I
474-pound bomb

One- 474-pound bomb
AIX	 Alz x -0.20 1arId Oc4 ---- -----

V1 = -0.10W. AI X ana ar7,
0.20 a 48 o o.64 108

I

---------
Aly and ATz 

=110.20 I,
-	 -

X
Aly and Alz = -0.20 ly
2.1 square feet fin ar a
(full scale) added to top of finmodification 1 d 47 21) 0 - 55 110 ---------

&V = 0.08v, Aix and AIZ

Normal loading 2.1 square feetfin be, ---- bc2
-0.20 Ix

Aly and AIZ = 0.20 ly, 46 2D 0-5 1 115 ---------

e.g. moved back 0.0j0 area
n 	

( full scale) added to top Of
fi

Normal	 Iloading
modificat ion

all ll
4
1 

i lb z*

89 = -0.100, AIX and a1z

AIX and Alz = -0.20 Ix

a
bll

-
4

b>4
-0.20 Ix

&Iy and AT 0z = -0 .2	 1 y f 46 3D 0-5 108
modification 1 1

adW 	
NATIONAI, ADVISORY

Oscillatory spin, average values presented 	 andering spin. CORMITTEE FDA AERONAUTICS
bVisual observation. 	 eElevator 300 down.

c Raeovery attempted by simultaneous reversal of rudder and elevator 	 f Elevator 30c up.
from initial setting.
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POO

e

Modification /
(areas full scale)

NATIONAL ADVISORY

CONNITTEE FDA AERONAUTICS



U' ft .	 .	 • •	 .	 •	 .	 e	 s	 . 35.00
L, ft .	 •	 . ♦ 	 •	 •	 •	 s	 •

XF2A-1 . .	 .	 .	 .	 .	 .	 . 25.45
F2A-1. . .	 .	 .	 •	 .	 .	 . 26 . oo
XF2A-2 . .	 .	 .	 .	 .	 .	 ._

C, in .	 .	 . .	 .	 .	 .	 .	 .	 . r4
25.61
y ,88

S, sq ft. . .	 .	 .	 .	 .	 .	 . 208.990
A.	 .	 e	 e	 . .	 .	 .	 .	 •	 .	 . 5e86
L.E. Iff aft L.E. Cr, in.	 . 2.80
Sh, sq ft . .	 .	 .	 .	 .	 .	 .

XF2A-1 . .	 .	 .	 .	 .	 .	 . 41.50
F2A-1 and XF2A-2 . . . 41.20

Se, sq ft • .	 .	 .	 e	 .	 .	 .
XF2A-1 . .	 .	 .	 .	 .	 .	 . 19.00
F2A-1 and XF2A-2 . . . 18.60

elev. hinge

flap hinge
85 % c.

5.544

aileron h%nge
75 % C.

XF2A-I -J
Dihedral for models
XF2A-1	 3.5
XF2A-2	 .P.5
F2A-1	 5.5°

side 111*ew

NACA RM No. L7E 15
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16 SCALE 'MODELS OF THE BRWSTER '2A-1, F .-1 AND XF2A-2 AIRPLANES

Dimensional Data

(Full Scale)

(Values are the same for all mo-
dels unless otherwise noted)

S®, sq ft . . . . . •	 .	 17.20
Sr, sq ft . . . . . . . .	 8.90
is r, deg . e . . . . . .30 R, 30 L

F2A-1 & XF2A_2 a

3.5°

I	 -.
//.6z"

T. 

	

Z°incidence	 25

	

/8.09` 	 /'Udder

X F 2A -1
model as tested.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Compram ne cowlzoq used for both A2*/ 0AW V ZA-Z tests

The XF2A I, F2A 1 and XF2A 2 models were similar in dimensional
characteristics aft of the wing trailing edge. The canopies for the F2A-1
and XF2A 2 were similar to the canopy of the XF2A-1 model. Variations in
the cowling design, wing tip shape, and value of wing dihedral for the
models are shown in the accompanying sketches.



F2A-1	 XF2A-2

5066 5
0.268 0.
0.005 0.017

2095 2110

3440 34-10
5130 5080
6000 6000

9.06 9.54
10.82 11.42

-69 a 10-4 -64 x 10-4

	-87 x 10-4	 -81 x 10-4

	

156 x 10-4	145 x 10-4

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTIC

NACA RM No, L7E15 99E

fts..

Loadings

%F2A-1

W ) lb .............	 4815

p c
. . . . . . . . . . . . . . . 0.251
Z.,	 . y.^ . 02# . . M . . . . . . 

-0.004
  ^w/IX, slug-ft . . . . . . . . . .	 fi.I

Iy, slug 1pt2 • . . . . . . . . .	 371515
IZ, slue ft2 .	 . . . . . . 5608
Test altitude, ft . . . . . .	 6},000
.^	 0(at sea level ) . . . . . . . .	 .60

.000& 1(6000 ft) . . . . . . .	 . 10.28
Ig - Iy . . . . . .	 . . -78 x 10-4

mb2	
/^..1 Z . . . . . . . . . .-103 x 10-4

mb2

Imo
. .........181x10-4

mb
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Resume° of Model Test Results

Results obtained with the XF2A«1 model indicated that for
the clean condition, normal loading the model had satisfactory
recovery characteristics. For the elevator-up spins (data not
presented) the modal descended in excess of 220 feet per second.

Increasing or decreasing the mass along the wings (AID
ATZ = 0.20 IX) or moving the center of gravity forward 0.056 or
back 0.036 from its normal position generally led to spins from
which recoveries were satisfactory when the elevator was neutral
with the ailerons neutral, or unsatisfactory when the elevator
was dawn with the ailerons neutral. Increasing the mass along
the fuselage generally led to spins from which recoveries were
unsatisfactory for all control settings tested, while decreasing
the mass along the fuselage (ATY and ATZ = -0.10 IY) led to
satisfactory recoveries for either elevator neutral or down spins.
For the normal. loading AIX and ATZ = --0.20 IX, and for the
loading AIy and ATZ = 0.20 IY, and center of gravity moved
forward 0.056, a deflection of the flaps had a detrimental effect
on the recovery characteristics of the model.

For the F2A 1 model the recovery characteristics were generally
satisfactory for all loadings and control settings tested.
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SPIN DATA OBTAINED WITH THE 1	 -M-SCALE MOD OF 'ME BREWSTER XF2A-1, F2A-1, AND XF2A-2 AIRPLANES

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins

equivalent test altitude 6000 ft.]

XF2A-1; effect of mass XF2A-1
variationsand e.g. move-

AIX	
and	 AIZ = -0.20 IX

XF'2A-1, normal loading 	 meats
recovery

on turns	 for
for aileron- Aly	 and	 AIZ = 0.2O Iy

neutral spins e.g.. moved forward	 0.05E*

Against With Against filth

Fu11 9.,°D 3.5°Q7.1°
Elevator N D 4.j .5° 7.1°UAilerons Neutral Ailerons Neutral

and	 AIZ

0.20IX 2

12

2

4.7 Z5°D 5°D	 AIX 11 9°D .5° 5°D

Elevator D D N D D D	 =

$
Elevator D

b)
D
(b)

100
U

N D D U N D
AIX and	 AIZ ^

a, deg 5o 48 44 44 43 31	 a -0.201,, 2 22 a, deg 54 56- 46 -- 49 47 -- -- 42

de Q U 2U 3Q 3D 3Q	 AIX
0.20 I ^z

2Z 2^ 0, deg 4U 3U 0 - 1U 1U -- -- 0

a, rps 0.57 0.58 0.5 0 -5710-59 O-7E Aly and	 AlZ
-0.10I

1
2

1 Sl, rps .54 0-5L 0.4 -- 0.54 -- 0.
_

V, rps 131 132 144 137 13 8 175	 e.g. V, fps 12 126 149 _° 13 141 __ °_ 144moved for-
0.052 2

1
22

Turns 2
1
12 1 2 2

}	 ward
12 Turns

1
32

i
42

1
12 22 32 2 -- °- 2

moved back 3 724
for 4 e.g. for

1 1recovery 2 0.03E 14 recovery 4
4

2 2_ 1222

XF2A-1; effect of flop setting on turns F2A-1; effect of mass
for recovery for aileron-neutral spins -F2A1	 normal loads'	 loading variations and e.g.

movements on turns.
for recovery forAI eiW A	 a -0,20 1X	 - IZ	 X

AIy and AIZ = 0.20Iy Against With aileron-neutral
Normal loading spins

Fu11
i6oU

90D

16°U
'90D Full

e.g. moved forward
00 S

Ailerons Neutral
--

Flaps 15.01) 3001) 450D 600D 15 0D j0°D 45°D 60 °D Elevator D

AIX and	 AIZ
Elevators D D D D D D D D Elevator D D U

c
N D D D = 0.151X

a	 deg 48 48 48 48 50 49 49 46 a, deg 37 4o 25 27 33 27 28
1X and AIZ = -O.oBI 1

deg 0 lu 0 0 0 1D 1D 2D 0, deg 8Q 6U 3D 4U 4U 31 lU AIy	 and	 AIZ 14

il, rps 0.59 0.57 0.56 0.56 0.54 0.53 0.54 0 .53 11, rps o.66 o.65 0.58 0 .75 0 .73 0.8 0. = 0-15 1Y 2

V, fps 129 126 124 123 129 127 129 129 V, fps 169 162 247 224 187 209 209 - Iy and AI Z = 0.30I 2

Turns
for 2^ 2^ 3

1
32

1
34

1,,,
34

1
32

1
32

Turns
for 1 1 --

j
1

c.g. moved back0. 03r 1

c.g. moved back 1recovery recovery
120.068'

F2A-1 F2A-1, inverted spins
AIX and AIZ = -0.08 1, AIX	 and	 A Iz = -0.08 IX
ply and AIZ = 0.30I F2A-1, inverted spins,

AI	 and	 AI	 = 0.30IYY	 Z
F2A-1, normal loading;

normal loading equivalent test altitude,
e.g. moved back e.g. moved back	 0.06c 12,000 feet

o.06c

Against Against With Against

Ailerons 160U Neutral 90U Neutral 96U Against Neutral With 1	 U Neutral With

90D. 160D 160D 90D

Elevator U D U	 I D u ) ] D U N U(Dd) D U D N D U D U D U D
(d

e N ^D )

a, deg _° 52 -- 40 N

0

a
P

-- -- N

0

a
P

N	 38 -- -- -° -- 24 48 29 43

deg -_ 4U __ 0 0	4U

r4l

-- D -- -- -- 6U 0

0.62
lU

rps .- 0.5 -- 0.52 -- -- a 0. 53 -- -- °° -- 0.66 -- -- -° 0.60
-

o.62
P

r s -- 1 -- 162 i
n

2 o i
n
118 -- -- -- 2 0 21 -- -- -- 158 z 6 1 1

urns for  21 2 n	 1 __ __ _- _° 1 __ __ _- 2 2ecovery 2 4

XF2A-2, normal loading XF2A-2; effect of mass varia- aSteep spin.
tions and e.g. movements
on turns for recovery for

bz,lnt spin.
cAgainst Witt:

aileron-neutral spins Oscillatory spin.

16°U IOUAilerons Neutral dFrom the right "no spin"
Full 90D 90D Fu11 condition model goes into a

Elevator D left erect spin.

eMode1 will also spin similar
to elevator down condition.

r,at=_eper spin also obtainable2 1

'elevator Q N I	 D L' D U N D D D Al,	 and	 AIZ = 0.151
i
4a, deg -- - 51 -- 52 --- 28 43 26 25

deg 8U - 5U - 4U 3U lU 0 AIX	and	 AIZ = -0.08 IX 4	 8Steep and oscillatory spin.

hTwo types of spin.
NATIONAL ADVISORY

CONNITTEE FOp AERONAUTICS2^

1^

C1,	 rps - o.6o 3.61 --- 0.73 3 .64 3 -84 0- 90 AIy	 and	 AIZ = 0.151y 2

V, fps - 147 250 218 160 216 246 AIy	 and	 AIZ = 0.30 Iy

Turns
for

±-153

 -- 2
L
 --- 1

2 1
1 1 e.g. moved forward	 0.03F

recovery 116 4
c.g. moved back	 0.03c 2

6•

•

•ss••
s

•
e •

•
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SPIN DATA OBTAINED WITH THE - - -SCALE MODEL OF THE BREWSTER XF2A-1, F2A-1, and XF2A-2 AIRPLAN$S - Concluded

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins
equivalent test altitude 6000 feet)

XF2A--2,	 AIx	 and	 AIZ =-0.08I X AIF2Aand innI rted
0s pi	 IX AIy	 and	 AIZ = 0.30 IY AIX	 and	 AIZ = 0-301y

Again'at With Against With

16oU 100 5 O 160
.9QU

90UNeutral Neutral
Full 90D 601 3 0D

I

90 Full 16 i0D 160D

Elevator N I D U N D D I N I D N
IT

D D D U N U N	 D U N
(g ;(h) (h) (c)

a, deg 58 55 - - 54 -- - - 26 37 47 -- -- -- N

0

®
P
i
n

39 - 27 -- --

deg 8U 7U -- - 3U -- -- - 0 0 lU -- -- -- 0 - 8D -- --

r s 0. 20.59 1 --1 - --0.55 -- --46 00. -- °- -' a77 --
V, fps 155 1471--l-- 147 -- - 237 173 160 250 250 -- 186 - 222 -- --

Turns
for 2 3 -- 2 3t 3 2124 1 1^ 2 -- -

^ __
1
_

--
2 recovery 24

cOscillatory spin.

gSteep and oscillatory spin.

hTwo types of spin.

MATNYMAL ADVISORY
COMMITTEE FDA AERONAUTICS



NACA RM No. L7E15 103

1/20-SCALE MODEL OF-THE CURTISS	 C-1 AND	 C-2 AIRPLANES

by ft . . .	 .	 .	 .	 . .	 . . .	 45.60
L$ ft . . .	 .	 .	 .	 . .	 . .	 .

XF14C-1 .	 .	 .	 .	 . .	 . . .	 38.17
C-2. .	 .	 .	 . .	 . . .	 37.60

in . . .	 .	 .	 .	 . .	 . . .	 105.47
S. sq ft .	 .	 .	 .	 . .	 . . .	 375.00
A ............. 5.54
L.E. c aft L.E. cr C'. . .	 11.09
Shy sq ft

C°-1 .	 .	 .	 .	 . .	 . . .	 78.01
'fX̂F1/+r,-2 .	 .	 .	 .	 .

(inc bat)
.	 . . .	 83.25

Set	ftsq
Cm1 .	 .	 .	 .	 . .	 . .	 35.24

XF14C- 2 .	 .	 .	 .	 . .	 . . .	 35-00
SQt sq ft
Srt sq ft

Q	 .	 .	 .
(inc bat)

.	 .

.	 .
. .	 29.34
.	 16.95

6,1 deg

0-1 .	 .	 .	 .	 . .	 . 30 R,, 30 L
XF14C°2 .	 .	 .	 .	 . .	 . 27 R$ 27 L

be t deg . .	 .	 .	 .	 . .. 30 U$ 20 D
6a , deg . .	 .	 .	 .	 . .	 . 18 Ut 14 D
bat (landing cond.)deg . . .	 15 D

ail ° defl. meas ° from drooped pos.
Eft deg . .	 .	 .	 .	 . .	 . . . .	 50 D
TDPF

298 x 10_6XF14C-1 .	 .	 .	 .	 . .	 .
253 x 10"'6C-2 .	 .	 .	 .	 . .	 .

Landing gear.-conventional

&M Data

14.73°(14C_1) !i
2°I Xfl4C-/

14.80" I XF/4C-2 )
a	 6.70.,

5.25
185"
167"

.83" -

655 X290•'

6.35 	 L.90"Slat
54°	 5.//"' .81"	 .38"

LL. E. flap
(eron hinge

/7°

9'

T.L.lXfWI) -13.36101402 ►
7L.QFI4C-1) 13.29"IXF14C-11

45'
F.30". 35'

--	 /.58"	 hinge
-36" -- 2°incidence
-, __ _ - --- 22 /5" _ _	 -

XF/4c 2
/yodel as tested.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Normal Loading

C-1 XF'14C-2
12 j, 750 13,633
0.259 0.246
0.067 0.085

17 ,,713 11$920

14$ 743 162545

24038 26,164
16$ 000 12.9000

30.,000

	

9.72	 10 °41

	

15.99	 15.05
27°8

I  	 Ii-	 —37 x 10 4 -52 x 10^`it

mb2

I 	 -3116 x 10-4 °109 x 10
mb2

IZ - IX. ° 353 10-4 161 x 10

mb2



NACA RM No. L7E15	 104

a Resume of Model Test Results

In the clean condition, normal loading, normal control
.+	 configuration for spinning, the XF14C 2 model spun steeply and

a satisfactory recovery was obtained by simultaneous reversal
of rudder and elevator. With the elevator either neutral or
down, recoveries were satisfactory by rapid full rudder reversal.
Setting the ailerons partly or fully against the spin expedited
recoveries of the model whereas setting ailerons with the spin
retarded the recoveries.

Extending mass along the wings (ATx and ATZ = 0.35 Ix)
led to spins from which the recoveries of the model were satis-
factory when the ailerons were either neutral or against the spin
regardless of elevator setting. Recoveries From all aileron with
spins were unsatisfactory.

Retracting mass along the wings (AI X and ATZ = -0.12 Ix)
or extending the mass along the fuselage led to conditions where
aileron-against and elevator-down settings had an adverse effect
on recoveries.

Moderate variations in the center of gravity location k0.056
did not appreciably alter the recovery characteristics of the model.

For the normal-loading condition with the flaps deflected 500,
for the normal; loading condition with the slots fully opened, for
the landing condition (landing gear extended, flaps down 50 0 , slots
open and ailerons drooped 15 0) or for a condition similar to the
landing condition except that the ailerons were not drooped, the
recovery characteristics of the model were satisfactory only for
aileron with spins, regardless of elevator setting. Extending the
landing gear alone did not appreciably alter the recovery charac-
teristics of the model.

Recoveries from all inverted spins obtained were satisfactory
by rapid full rudder reversal.

The installation of a revised vertical tail did not appreciably
alter the recovery characteristics of the model for all conditions
tested.

Increasing the equivalent test altitude from 12,000 feet to
30,000 feet led to spins which were flatter and to recoveries which
were slower than the corresponding spins for the equivalent test
altitude of 12,000 feet.	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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The spin and recovery characteristics of the XF14C-1 model
were generally similar to those of the XF14C--2 model. For the
. l4C-1 model, however, the aileron effect was more pronounced for
the normal flying condition, aileron-against settings being
favorable and aileron with settings adverse for all elevator
settings. For the landing condition, the favorable effect of
aileron--with settings were less favorable for the XF14C-1 model
than for the XF14C 2 model. 	 NATIONAL ADVISORY

CONNITTEE FOR AERONAUTICS
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SPIN DATA CBTAISED i. ITH THE 
1 

-SCALE MODEL OF THE CURTISS XF21,C-1 AND xF14c-2 AIRPLANES

E-nlessotherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins;
equivalent test altitude, XF14C-1 16,000 feet, XF14C-2 12,000 feet]

XF14C-2, normal loading, XF14C-2,	 AIX	and	 AIZ = 0-351XX
C-2

left spin AIX	 and	 AIZ	 -0.12 IXleft spin lefts in
Against With

Ailerons Full 140U Neutral V Uo Full Against Neutral With Against Neutral With
30

Elevator N D U
( a ) (b)

JJU N D U
(P0)

II
Oc)

N	 D
(b	 (b)

U.
(b)

N D U
(bg)

N
( b)

D U
(e)

N D N D N D
(h)

D
( h )

D
(b)

a, deg 29 31 29 --- 25 22 --- ---- --- --- N N

° °

s s

i i

n n

29 --- N

°
a

1

°

47 40 43 28 51 --- 44

Q, deg 6U 2U 9D --- 2D 6U --- -- -. --- --- 11D --- 5D 5D 2D 3U 5U --- 2U --- ---

rps 0.68 0.69 0.40 --- 0.76 0.86 --- - -	 --- --- 0.90 --- 0.43 0.58 o.62 0.71 0.55 --- 0.60 --- ---

V, fps 272 232 337 311 272 271 --- - - 342 >319 274 319 216 220 200 z45 182 339 194 305 353

Tfor a 11 1 112 t1 d> 3
e 1
12 -	 '-- --- >1 ---

7 132 f 132
d 1

42 --- 3 --- ---
recover

z

4 4
e21
2 4 d

m4c-2 XF14C-2 XF14C-2 a Oscillatory spin.AIy	 and	 AIZ = 0.271Y e.g. moved forward c.g. moved back
lefts in 0.055'. left 

spin
0,0	 lefts in bSteep spin.

°Wanderingspin.Against
Ailerons Neutral Against Neutral Against Neutral dVisual observation.4o UFull eRecovery attempted by simul-

taneous rudder and elevator
Elevator U N D U U N D N D N D U N D N D

O be b b b b b reversal.

(Recovers in inverted dive.
90scillatory and xandering .

.	 a, deg --- 47 49 --- -- --- --- --- 36 --- 26 --- --- 30. --- 25

4U.0, deg --- 5U --- -- --- --- --- 4U ---- lII --- --- 3U --- 3U spin.

hTwo types ofspin.
'Wide radius of spin.

'into an inverted spin.
	 goes

rps --- 0.48 0.49 ___ °- --- --- --- --- --- --- ___ -'- 0,70 --- 0.81

V, fps 339 207 %194 304 -- 325 298 251 232 --- 271 304 304 238 311 287,
Turns dl

3 1 1
d3

_-_
d1
_ l 3 11 ___

dl
-__

recover
for _

2 4 32 rj 2 2
--- d

2

___

NATIONAL ADVISORY
CONNITTEE FOR AERONAUTICS

XF14C-2, landing condition, normal loading,
XF14C-2, flaps 50° down, slots

left spin open, lending gear extended,
normal loading, left spin

With
Ailerons Against Neutral With Against Neutral o II 9017 gall

Elevator U N D U N D U N D U D U N U U U D

a, deg 62

6D

o-47

170

57

6D

0.51

163

56

5D

0.50

163

56

10D

0.42

176

48

10D

0.51

182

7j

47

9D

0.52

176

N

o

a
p

1

N

0

a
p

1

N

0

a
p

1

53 54 --- 49 --- N
0

a
p

N	 N
0	 0

a	 a
p	 p

0, deg 1D 0 --- 5D -

12, rps 0.52 0.51 --- 0 .49 °'

V, fps 179 166 191 179 188
Turns
for w 03 w co

8
y 8 00 co cc

recovery n n n n In , n

XF14C-2, landing gear extended, XF14C-2, flaps down 500,
normal loading, left spin normal loading, left spin

Against With
Ailerons

Full o U Neutral With Against Neutral oU U9 0 gallD D

N
o

a
p
i
n

Elevator (b)
D D N

(b)
D
(h)

D
(bh)

D
(b)

II N D U N D U U U N

a, deg --- 31 --- --- 1	 37 --- --- 52 52 52 49 5 0 50 49 N LI N
deg ---

---

6II

0.68

---

---

---

---

0

---

---

---

___

---

3U

0.40
3U

0.50

3II

0.54

o

0.38

0

0.51

0

0.5

2D

0.3

o

a

0 0

a sft, rps

V, £i,e 339 238 272 339 194 298 )335 188 179 179 192 182 176 194 . p p p
Turn a
for --=

1
12 d 112 ---

134
d 312 "-- "' m °' °' m °'

'
n

i i
n n

e over °J

XV140-2, slots open, XP14C-2, inverted spins, XF14C-2, revised	 tail,
normal loading, left spin normal loading normal loading

Against With
Ailerons Against Neutral With Against Neutral With Pull U Neutral 4° 5°

' D 3'r 0 gull

Elevator U N D U N D U N D U N. D U N D U N D U N D U U N D D U D U N D
( ab b ci ci h h b btl

a, deg __ _ ___ __ ___ ___ ___ _ TI "	 N
'	 0
-	 s
- p

- n

"-- N
0

a -

P -

n _

40 ^_ H
°
s
P

n

-_- 27 31 -__ ___ 24 29 34 _ - _ _^_  _-

de '°_ -__ '-- " ' -__ -__ - 0 - '--, 5D --- --' U U. lU lU 0 " __-
12, rp s -'- --- --^ ___ '-- --- - a - --- -4

245

---
25

--- 0.68 0.72 --- 0.89 0.78 .7z o.62 --- -°- --- - -
V, fps 78 278 278 278 298 298 - p - - >32 5 339

-__

248 232 339 332 3 0 z52 zoo 332 200 -

-Turns
for w m m w -u

- n - _ -«-
--

l
 12 j d22 1 3 1 3

> 3 3 --- _ _
4 ')2 4 d21

l4 24

3^recovery
,
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SPIN DATA OBTAINED WITH THE 1 SCALE MODEL OF THE CURTISS XF14C-1 AND XF114.0-2 AIRPLANES - Concluded
20

[Uhless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins;
equivalent test altitude, XF14C-1 16,000 feet, XF14C-2 12,000 Peet]

XF140-2,	 revised tail, XF14C-2	 revised tail	 lands, XP14C-2, revised tail,

Aix	 and	 AIy = 0.291X
condit ion, normal loads n8 landing condition,

AIX	 and	 AIx = 0.291X
With

Ailerons Against Neutral Against Neutral With Against Neutral Witho
Full

Elevator
II D II N D U U N N D U N D U N D U N D U	 N D U N	 D U N D
(bi) (e) (g) (hb (h) (b)

a, deg __- N .N
0 0 _--

P P 311
i 1

n >3

- 24 N ------

0 ---

s	 ---
P 223
i

n d3

--- --- --- 59 54 55 48 N
0

a
p
1
n

N
0

a
p
i
n

N
.0

s
p
i
n

N
0

s
p
i
n

N
0

a
p
i
n_

-	 59 - -- 52 - N
0

s

p
1
n

N

0

a
p
1
n

48.

f^, deg --- 2U -'- :-- --- --- 6D 5D 4D 9D _	 4D - -' 7D - 10D

rps --- s a ---0.78 --- --- --- --- 0.46 0.76 0.53 U .39 - 3-53 - --- 0-53 - -56
.V, fps ___ 319 --- 3 223 374 174 176 176 185 - 176 - 17 179 _ 179

Turns
for

d
I d31 --_ a0 ao a0 03 m _ m m_ 5t

recovery 4 32
XP14C-2,	 revised. tail, normal loading, XF14C-1, original tail,
equiivalenttest altitude 30,000 ft,

left • in normal loading, left spin

With Against With
9p 90V Full	 Sou oU 70UAilerons Against Neutral Neutral

F ull Full

Elevator
U N D II I	 N D N D U N D U N D U II U	 .N D D N D D U N D

g (b) b) (1) ( a) (g) (g) (h) (h) 0D1 k k k

a, deg _-- -- --- 45 44 AL --_ - _ - 26 N

o

s

P
1

N -__

o	 -

s 	---

P 339
1	 dl

1 34 28 -__ 46 ___ ___

A, deg __ _ _-_ --_ 3D 1D 1D -__ ___ - _ - lU -- 6D 9D 4D --- 2D ___ ___ 
I
___ _ ___ ___

rps ___ ___ ___ ___ ___ __ ___ ___ _ _ _ 0.35 •45 .48 0.75 --- :60 --- --- --- - --- ---

V, fps 255 239 239 278 258 258 258 25 - - - 339 332 285	 274 325 201 201 zoo 195 - 233 201

T °PS
d
55Z dou

d^ d4 a6
7

d6 d6 - -
al d21 3 1	 dli dl

4 d
4 d d4 d2 1

^-
recover, n n'	 2 2 2	 d2 2 5 2

XF14C -1, landing condition, XF14C-1, original tail, inverted a0scillatory spin.normal loading, left spin spina, normal loading
b3taep spin.
dVisual observation.
g0scillatory and wandering
spin.

hTwo types of spin.
iWide radius of spin.

k3teeper spin also obtainable.
IModel recovers in erect glide

D

31

4D

Ailerons Against Neutral With Against Neutral With

Elevator U N D U N D U N D U N D U N D U N

a, deg 61 59 56 58 52 52 46 5o 48 x
o _

-

N
0

33 x
a

x
®

41 33

deg 5D 5D 5D lOD 8D 8D 12D 11D lOD. 1II $D 4D

0 .48 0,54 0.54 0.46 0.5 0.54 0. 0.^4 .56 0-47 0.6orps s

p
1
n-

-

a

p
1
n

s
P
1
n

a
P
1
n

0.50 0.79 NATIONAL ADVISbRY
CONNItiEE FmAERD•AUTKSz81v, fps 170 157 163 176 170 1 0 188 182 170 304 z58 285

Turns
for o0 05 m ac CD m w cc m 1

73 1i t 1
reC09e 2

CW4MWlsan of o 799/ B reriaed toils
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12 -SCALE MODEL OF THE GRUMMAN F2F-1 AIRPLANE

/0.00 -^

Dimensional Data

(Full Scale)	 L elev. hinge	 I X.

ee

s
,

e.

e.
e

108

/7"

b, ft (upper wing) . . . . . 28.50
b, ft ( lower wing) . . • . . 26.00
L, ft . . . . . . . . • . . 20.83
F, in. . . . . . . . . . . 54. 20
S, sq ft (total) . . . . 230.00
A ( effective) . . . • . .. 4.27
Shp sq ft . . • . . • . . . 26.4p0
Se, sq ft . . . e . 10.80
Sv, sq ft . . . ... . . . . 12.10
S r., .sq ft . .	 • • 5.80
br, deg	 30 R, 30 L
be, deg . . . . . . . 30 U, 20 

^D
TDP	 0• • • . • e e . • • . . • 
Landing gear . . . Conventional

9z "

za.so"

zs oo" --^I20.97"-1
/3so	 I

/a"	 ¢ rudder
hinge

TL.- O 	-	 -
0

M o dell as tested.
Mass Data

NATIONAL ADVISORY
Normal Loading	 COMMITTEE FOR AERONAUTICS

Wy lb . .	 .	 .	 3782
0.330

OF . 	. .	 . . . . -0.040
IX, slug-ft2 . • . • • e • 1003
Iy, slug-f t2 . . . . • . . 2198
I Z , slug-ft2 . . . . . . . 2631
Test altitude, ft . . . . . 4000
µ (at sea level) . . . . . . 7.06
µ' (4000 ft) . . . • • . . 7.97

IR - Iy . . . . . • . -125 x 
10-4

mb2
Iy - IZ	

. • . . . . -45 x 10
mb2

IIZIKX 170 x 10-. . . .	 . .
mb2
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Resume of Model Test Results

In the clean condition, normal loading, and normal control
configuration for spinning, the model spun at a moderately flat
angle of attack (m = 470) . Recoveries by rapid full rudder
reversal required 21 turns and by rapid full simultaneous reversal
of rudder and eleva^or 2 to 23-

2
 turns. Satisfactory recoveries

could not be obtained when the elevator was either neutral or down.

Slight increases or decreases in the values of the gross weight,
moments of inertia, or center of gravity location did not appreciably
alter the turns for recovery of the model from the rudder--with
elevator up spin.

Area added to the fin and rudder (modification 1) generally
improved the recovery characteristics of the model, although
recoveries were still unsatisfactory for the elevator—neutral
and elevator—down settings. 	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 12-SCALE MODEL OF THE GRUMMAN F2F-1 AIRPLANE

[Untess otherwise indicated, steady-spin data are for rudder-with, aileron-neutral
spins of the model with the landing gear extended and recoveries were attempted by
rapid full rudder reversal from right erect spins]

Normal
loading

Modification 1 Effect of weight changes, mass variations,
o.g. movements and retracted landing gear
on turns for recovery, elevator origifiaLly

Elevator U N D U N D ap

a, deg 47 58 59 42 58 58 nIX	 and	 nIZ = 0.08 IX
all
a2Z

V, deg W 2D 3D 4U 2D 3D
nIg	 and	 eIZ = -O.QSIX

1L, rps 0.1x.8 0.59 0.63 0.47 0.61 0.62
eIy	 and	 eI ZZ = 0.021

e.g• moved forward 0.036 Va2
V, fns 124 109 106 132

1

109 106
nIy	 and	 nIZ = 0.02Iy

e.g. moved back 0.036
2.
1

2
a2

1
34

nw = 0.03W
U13
l4Turns

 s a22 >44 >7 al >4
recovery

all >314
nIy	 and	 nIZ = 0.09 Iy a2l

2

nW = -0.03W
nI y	 and	 nI Z	 -0.091X° al

aRecovery attempted by simultaneous
reversal of rudder and elevator.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

nW = 0.02W
AIX	 and	 nIZ = -0.081 X
AIy	 and	 nIZ = 0.091y
e.g. moved back 0 . J3 c

a21
2

a
3

nW = 0.02W
nIX	and	 nIZ = -0.08 IX
nIy	 and	 nIZ = 0.09 Iy a13-
e.g. moved back 0.036, landing

gear retracted
4

Normal loading, landing gear
retracted

1

sq ft.
A4adificatian /

(Areas, f(d/ scale)

/.84 sqe R

a
a®

w



4o 17
0.330

-0.076

569
3380
4000
6.28
7.09

-85 x 10-4

-64 x 10-4

149 x lo-4

X50
0.348
0.0.5
2023
2615
3903
4000
6.63
7.1.8

-44 x 10-4

-95 x to-4

139 x to-4
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1 -SCALE MODEL OF THE GRUMMAN X5F-1 AIRPLANE
12

Dimensional Data

(Full Scale)

b (upper wing), ft . . . • 32.00
b (lower wing), ft . . . . 29.50
L, ft . . . . . .	 .	 22.00
c, in. . . .	 . •	 • .	 52.00
S, sq ft . .	 .	 • .	 • . 261
A (effective) . . . . .	 4.75
L.E. Taft L.E. ar, in.

(lower wing) . . . . . . 18.78
Sh, sq ft . . . . . . . . 30.64
Se, sq ft . d . . . . . . 10.80
SQ, sq ft . . . . . . , . 12.34
Sr, sq ft . . . . . . . .	 5.14
br , deg . . . •	 . 30 R, 30 L
8e , deg . . . . .	 35 U, 30 D
b , de g . . . . . . . 20 U, 20 D
APF. . . . . . . .	 . . . . 0
Landing gear . . . . Conventional.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

O° Inc

N
udder

50"

.33

/.SS"

3.5 
0

S. SO"

Tt 	 A

	

.S4"	 r

	

ncidence	 hinge

Mass Data	 Model as tested.

W, lb . . . . . . . . . . . . . . . . .
x/c . . . . . . . . . . . . . . . . . .
8/c . . . ... . . . . . . . . . . . . .
IX, slug-ft2
Iy, slug-ft2
IZ, slug-ft2 . . . . . . . . . . . . .
Test altitude, ft . . . . . . . . . . .
µ (at sea level) . . . . . . . . . . .
W(4000 ft) . . . . . . . . . . . . .
IX - IY

mb2
Iy - IZ

.,.............
mb2

I Z - IX
.d..............

mb2
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Res-Lure of Model Test Results

In the clean condition, normal fighter or bomber loading,
normal-control configuration for spinning„ the model spun at a
moderately flat angle of attack (m = 460 and m = 450 , respectively)
and recovery was satisfactory only by rapid full rudder reversal.
With the elevator either neutral or down, recoveries could not
be obtained.

With the landing gear extended retracting mass along the
wings (AIx and LIZ =-0.10 Ix), extending mass along the

fuselage (ay and AIZ = 0.08 Iy), moving the center of gravity
forward 0.036 from its normal position, or various combinations
of any of the foregoing changes led to spins from which satisfactory
recoveries generally could not be obtained. Extending mass along
the wings (AIX and AIZ = 0.10 IX) or moving the center of
gravity rearward 0.036 from its normal position did not anpreciably
effect the recovery characteristics of the model.

In an endeavor to improve the recovery characteristics of the
model.by simultaneous reversal of rudder and elevator, area was
added below the fuselage, to the rudder, and to the leading edc-;e
of the fin (modifications 1 to 7,inclusive).' In general these
modifications improved the recovery characteristics of the model,
particularly the simultaneous addition of modifications 6 and 7.



/Modifications / thru 7

original
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SPIN DATA .OBTAINED WITH THE 
1Z 

SCALE MODEL OF THE XF3F-1 AIRPLANE

[T ynless otherwise indicated, steady-spin data are for rudder with s pins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spins.

Fighter, effect of mass variations and

Normal fighter Normal fighter Normal bomber,
Normal bomber
loading, wheels c.,	 movements on turns for recovery,

modification 1, wheels downloading loading, wheels loading down
Ailerons Neutraldown

Ailerons Neutral Neutral Neutral Neutral Elevator U N D

Elevator U N N D U N D D U N D U N D Normal loading
c2

> 8 m
(s) (d) 3

deg 46 --- 45 62 48 --- bz 49 45 ---- 64 48 --- 63 AIX and AIZ = U.10 I X c2 --- m
c,

c
4

0, deg 4U --- 6U 3D 6U --- 3D 6U 5U ---- 3D 6U --- 3D AIX and AI Z = -0.10 IX

c>42

m OD

!L,	 rns 0.43 ---- 0.52 ---- 0 .57 0.53 0.42 ---- o.60 0.43 ---- 0,6o
AW = 0.01W

AIy and AIZ = 0.08 Iy

c31

V, fps 126 ---- 123

T53

--- 105 117 132 ---- 107 127 --- 107 c>4

4 b>2 > 9
e.g. moved forward 0..03E

c3
c4

____ ____

Turns b >1'1
b>l'

>6
e.g. moved back 0.036 c2 ---- ----

for 4 >6 --- Co m ---- 4 >6 > 7
....

AIX and 0IZ
, 

-0.10 I=	 X
recover y

c21
9 c oil 7 c 2 m

AIy and AIZ = O.JB Zy
<
'® °-- _-°

4
m

z e.g. moved forward O.Ojc

Modification 8 Modification 8
Fighter, effect of modifications on turns Normal fighter AIX and AIZ = -0.10 IX Effect of mass variation
for recovery loading, wheels AIy and AIZ = 0.681y and e.g. movements on

AIX and AIZ = -0.10 IX down,	 Modifica-e.g. moved forward U.O3E turns for recovery
AIy and AIZ = 0.18 Iy tion 8

ailerons neutrale.g. moved forward 0.0316
Ailerons neutralwheels down.	 Aileron neutral spins.

Elevator U

Elevator U N D Ailerons Neutral Elevator 0
wheels

up
c 2
c2

0>3

Modification .2 c m --_ _--
Elevator U N

(a)
D AIX	

10 IX	 _ c0)3
54

___ ___

c23 a, deg 50 --- 49 62 50 Ah = 0.01E

4 4 _-_ ___ Bombs on
c

AIy and AIZ = c4'3

c
4

5 0'08 I y 4
0, deg 5U --- 7U 2D 6U

Wheels	 bombsup,
on, wt. of each

01^
2

5 °24 --- --- 11, rps 0 .45 ---- 0. 5 1 0 +59 0.53
lba. 4 e.g.c.g, moved

forward O.03clocated 7,5 feet
from each ming

1

022 cj1
2V, fps 121 ---- 118 105 118c1'L

4 aRudder neutral spin, 1 and 5
021

_-- --
bUpon recovery model tends to go into a soi ral

2

Turns

2

6011 -"-" Co --

dive.
cRecovery attempted by simultaneous reversal
of rudder and elevator.c l 1

44
6 a+,d	 7

12 1
32

for
2

7 --
dkudder initially against the spin.1 1 recovery
Ol^

> 42 ce2 w Visual estimate..	 NATIONAL ADVISORY
COMITTEE 'FOR ASMOTiMBomber modification 6 and 7 c 1 __ --__
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0 12 SCALE MODEL OF THE GRUMW F3F-2 AIRPLANE

1 -- /a oo"

Dimensional Data
i e/ev hirnye
	 232"

(Full Scale)

b, ft (upper wing)	 . .	 .	 . 32.00
b,	 ft (lovier wing)	 . .	 . 29.50
L,	 ft	 .	 .	 . .	 .	 .	 . .	 .	 . 22.10
U-,	 in.	 .	 .	 . .	 .	 .	 . .	 .	 . 52.00
S, sq ft ( total)	 .	 . .	 .	 . 260. 60
A ( effective) .	 .	 . .	 .	 . . 4. 75
Sh ,	 sq ft	 . .	 ...	 . .	 .	 . 30.64
Se, sq ft	 . .	 .	 .	 . .	 .	 . 10.80

Sv ,	 sq ft	 . .	 .	 .	 . .	 .	 . 12-34
Sr ,	 sq ft	 . .	 .	 .	 . .	 .	 . 5.44
br , deg	 .	 . .	 .	 .	 . . 30 R, 30 L
be , deg	 .	 . .	 .	 .	 . . 35 Us 25 D
6a , deg	 .	 . .	 .	 .	 . . 20 U, 20 D
TDPF .	 .	 .	 . .	 .	 .	 . .	 .	 . .	 .	 0
Landing gear .	 .	 .	 . Conventional

hinge

32.00"

516	 20

23 50"^

1444
0°i^z'idev^ce

	

3.5	
.50.

	

001"eldeAlce	 twdder
2/.75'	 hinge

Model as tested.
A,2a s s Data

Normal Loading	
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

W, lb . . . . . . . . . . . :, 4503
x/E . . . . . . . . . . . . 0-358
Z/c . . . . . . . . . . . . 0.035
IX, slug-ft2 . . . . . . . 1520

Iy, slug-ft2 . . . . . . . 2952

I Z , slug-ft2 . . . . . . . 3825

Test altitude, ft . . . . 10,000
µ (at sea level) . . . . . 7.06
W (10,000 ft) . . . . . . 9.57
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Resume of Model Test Results

In the clean condition, normal loading, and normal control
configuration -for spinning, the model spun at a flat angle of
attack (e = 520) and recoveries by either rapid full rudder
reversal or simultaneous reversal of rudder and elevator were
satisfactory. Recoveries from spins for other elevator-aileron
control settings for the normal-loading condition were generally
unsatisfactory. There appeared to be little effect on elevator
neutral or down spins (ailerons neutral) when the mass was
extended or retracted along the wings (Aix and AT Z 4 0.30 Ix
or --0.20 Ix), along the fuselage (ATy and AI Z = ±0.20 IY),
or when the center of gravity was moved forward or back 0.056
from its normal position.

In an attempt to improve the recovery characteristics of
the model, additional area was added to the top of the tail
(modification 1). This modification proved very effective and
the recovery characteristics of the model were improved. A more
practical modification incorporating,; additional .fin and rudder
area, (modification 2) also led to improved recovery characteristics.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 
1
2-SCALE MODEL OF THE GRUMMAN F3F-2 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the.clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Normal loading Normal loading, rudder neutral spins

Against With
Ailerons Neutral Against Neutral With

Full 100 U,	 100 D 100 U,	 .10° D Full

U N D U N D U N D U N D DN D U N D U N N DElevator (a) (s) (b) (b)	 (b) (b) (b) (a) (b) (b) (b) (b) (b) (a) (e) (a) (b) (e) a (e bP

a, deg 49 56 60 50 58 58 52 56 57 49 55 55 4 - 46 50

0, deg 7U 3U 1U 5U 2U 1D 1U 0 2D 3D 2D 3D 3D 3D 2D - SU 5U -- 12U-- -- 0

f1,	 rps 0.49 0.64 0.65 0.52 0.65 o.67 0.53 0.64 0.67 0.51 o.63 o.66 0.51 o.61 o.65 - o.62 o.65 - - -- 0.65

V, fps 144 131 12 1 1 0 128 1 1 1 128 1 1 128 1 1 6 1 0 - 1 1 - - 1

Turns >2 4 4 2 5 5 02 3Z 4 >2 '4 44>2 3j >4 gl^ g3^ - 92	 g32 -- -- 93
for

recovery 3 d12 °44" >44 bZ >2 9 1	 g4 g44

Effect of mass variations and 2,
e.g. movements on turns for
recovery for aileron-neutral Modification 1, normal loadingg

Modification 2,
normal loading

Moaning
gearlanding gear

spins
extended,

normal loading.

Elevator N D
Ailerons Against Neutral With Against Neutral With Neutral

AIand Al	 = 0.151X

2

3
1

h42 Elevator
N D U N D N D N D U N D U N U N D D

X	 2 2^ (b) (b i) a b b b b b a) JkL JkL

AIX	 and	 AIZ .= 0.30 IX i'22 h a, deg 59 60 45 56 60 50 63 60 - 46 1 58 57 - 42 49 60 62 47

113 1
h54

N, deg lU 2U 3D 3D 2D 2D 5D 0 - 2U 2D 2D - 2D 3U 2D 4D 4DAIX and AIZ=-0.20 IX
4 (1, rps	 0.63 0.67 0.53 3 .65 1 0.67 o.61 o.66 o.65 - 0.52 o.63 o.65 - 0.61 0.52 o.66 I o .66 3.6

AIy and AIZ = 0.20Iy )}1 h5

V, fps 131 128 149 130 127 136 128 130 - 149 132 130 - 133 144 130 Il28 1411Ary and AIZ = -0.20 ly 31 41

e.g. moved 4 1t "' °1 3 2 22 --- 1 - 2 24" - 22 14 2Z 4corward
Turns
for

jhrecovery

444

3

1

1
12

e d 1
1

1
34e.g. moved back	 0.05c

h3
h4

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

awandering and oscillatory spin.

bWandering spin.
°VS"sual observation.

dRecovery attempted by simultaneous reversal of rudder
and elevator.

e Velocity of model too high to teat.

(Steep spin.

g Recovery attempted by movement of rudder from neutral
to against the spin.

hBefore recovery was attempted the model was in a
wandering condition.

10scillatory spin.	 -

J Steady spin data are for rudder neutral spins.

Modification /
Modification 2
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12 SCALE MODEL OF THE GRAD XF4F-2 AIRPLANE

s
	

Dimensional Data

(Full Scale)

b,	 ft	 .	 .	 .	 .	 . .	 .	 .	 _ .	 .	 34.00
L,	 ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 26.43
F,	 in.	 .	 .	 .	 . .	 .	 .	 ...	 .	 85.39
S,	 sq ft	 .	 .	 . .	 .	 .	 .	 .	 232.10
A .

® 	 p	
.	 .	 . .	 .	 .	 .	 .	 .	 4.99

L.E. Faft L.E. or,	 in.	 .	 .	 3.71
Sh ,	 sq ft .	 .	 . .	 .	 .	 .	 .	 .	 39.140
Se ,	 sq ft	 .	 .	 . .	 .	 .	 .	 .	 .	 15.00
Sg,	 sq ft .	 .	 . .	 .	 .	 .	 .	 .	 16.54
Sr ,	 sq ft	 .	 .	 . .	 .	 .	 .	 .	 .	 8.51
6r,	 deg	 .	 .	 .	 . .	 .	 .	 30 R, 3o L
be ,	 deg	 .	 .	 .	 . .	 .	 .	 30 U,	 20 D
b a ,	 deg	 .	 .	 .	 . .	 .	 .	 30 U, 20 D

6f,	 de e	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 60	 D
TDPF.	 .	 .	 .	 . .	 .	 .	 .	 74 x 10-6
Landing gear	 . .	 .	 . Retractable

g elegy hinge Z	
flap hinge
r-t aileron hing

zwo

34.00"

3.6-

/7.40^^
	 2.33"

.30"

raTL.

Incidence 
i I8I	 hinge

Mass Data Model as tested.

Normal Loading

W,	 lb	 .	 .	 .	 .	 .	 .	 .	 .
x/F .	 .	 .	 .	 .	 .	 .	 .	 .

.	 .	 ..	 5386

.	 .	 .	 0.258

IX - Iy
.	 .	 .	 .	 .	 .	 m 113	 10'^`¢

z /F .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 . 0.042 mb2
Ix,	 slug-ft2	.	 .	 .	 . .	 .	 .	 1506 Iy - IZ

.	 .	 .	 .	 .	 .	 .	 .&0 xO®
Iy,	 slug-ft 2	 .	 .	 .	 . .	 .	 .	 3 665 mb2
I Z,	 slug-ft2	 .	 .	 .	 . .	 .	 .	 4851 I	 - I

X73^^Test altitude, ft . 	 . .	 .	 .	 4000
4 (at sea level)	 .	 .
4 (4000 ft)	 .	 .	 .	 .	 .

.	 .	 .	 8.92

.	 .	 .	 10.08

m NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Rest of Model Test Results

In the clean condition, normal loading, and normal control
configuration for spinning, the model descended in a wandering
motion at a rate of descent in excess of 160 feet per second,
full scale. With the elevator 15 0 up, the model spun at a flat
attitude (a ® 540 ) and recoveries obtained by rapid full rudder
reversal or by simultaneous reversal of rudder and elevator were
22 and 21t urns ., respectively. With the elevator either neutral
or down for the ailerons set neutral or against the spin,
recoveries by rapid full rudder reversal were unsatisfactory
(>2 turns). When the ailerons were set full with the spin, the
rate of descent of the model was in excess of the maximum airspeed
of the tunnel, extremely steep spins being indicated from which it
is believed that recoveries would have been satisfactory by rudder
reversal.

Extending the mass along the Brings ( ,̂ IX and Alz = 0.30 1x)
or along the fuselage (my and ^Slz = MO ly), moving the center

of gravity fon-rard or back 0.046 from its normal position, drooping
the ailerons 200 , extending the landing gear, or lowering the flaps
300 did not appreciably alter the recovery characteristics of the
model, Lowering the flaps 600 produced a no--Bpin condition for
the aileron-neutral, elevator-neutral setting, normal loading,

For the condition of mass extended along the fuselage (Lay and
,61Z = 0,30 Ty), the addition of a ventral. fin (modification 1) to
the model did not appreciably improve the unsatisfactory recoveries
from the aileron-against spins. 	 TEAL ADVISORY

OMMME FOR AERONAUTICS
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S?It' DATA OBTAINED BITH THE 
12 

SCALE MODEL OF THE GRUMMAN XF4F-2 AIRPLANE

Unless otherwise indicated, steady-spin date are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Effect of mass
varlctlons and Ailerons drooped 100,

Normal loading c.g. movements
on turns for normal loading
recovery.	 Aileron-
neutral spInR

Against 'fifth Elevator .i5 ou D
Against With

Ailerors Neutral Ailerons 100D
INN,22R710pII 100U 2209 250D 250D

if 106D 100D 190D aIX and AIZ =

0.15^

c21 1

^
11ou liou

N N U 15% N N D D N N II N D II N D II N D
Elevator ( a) (bj (b (a) (a) AIX and AIZ =

0.301

c 1
3

Elevator a

a, deg 66 62 ----

----

----

54

2U

0.550.

60

1U N
0

53

d
0

---- ----
a, deg ---- ---4 --- ---- --- --- ---- °- --

^. deg 4U jU lU __-_ __--
AIy and AIZ =

0.151

c 
-r
IL

d 
4 (^, deg ____ ___ ___ ____ °_- _._ °__° -_- _-

I1, rps 0.6 o.61 .6 ---- ---- e1y and AIZ = c Z d4 fl, rps ____ ___ ___ ____ ___

V, fps 117 121 >160 lj4

22

126 P

n

122 p
i
n

---- ---- 0.301 4 V, fps -°-° --° --- ---- --- --- ---° --- --

c.g. moved
1

dj-
Turns 1 forward 0.04c 2 Turns

00for
recovery

5
021 3 z

--__ ____
c.g. moved

E2_1

21
for

recovery
--__ __- ____

4

___ ____ ___ --

4 -cback. 0.o4 2

Ailerons drooped 200, Flaps down. 300, Flaps down 60 AIY and AI Z = O.30.1y
normal loading normal loading normal loadin

Landing	 ear extended

Against With Against With

Ailerons

0

Neutral Neutral NeutralR 20D	 200D 280D 22oU, 190D 100D OoII 
1 22?

L 280D 20D 100D 100D 1 15P

II I	 N D	 U I 	 N D	 U N D U N U N D 150U N D N U 15W N D N 0Elevator (a) ( e) ( a) ( a)
a, deg ---- ---- - ---- ---- --- ---- -- ---- 52 ---- --- ---- ---- ---- ---- 48 54 58 59 ---- ---

deg ---- - --- ---- -- ---- 1D

L

-'-° N
o

P
i
n

--- ---- ---- ---- ---- lu lu 0 2U ----

Q, ros ---- --° ----- ---- - --- ---- -- ---- 0. 55 ---- --- ---- ---- ---- ---- 0.42 0.49 0.51 0. -°--

V	 fps ---- ---- ---- ---- - --- ---- -- ---° 131 --
 
-- --- --°- ---- ---- ---- 1 9 l x 1	 0 ,. 126 ---- ---.

Turns
f

f,

°___ 91 _ ____ _ °__ ____ __ ____ 21 ---- ---- --- ^ m to d 1l

22
4 d5 51

---- ----
recovery 2 2 4 4 c3 2

Aly and AIZ = AIy and AIZ = NATIONAL ADVISORY
O.jO	 Iy 0.30	 Iy Modification 1 aVelocity too high to test. 	 CONNITTEE FOR AERONAUTICS

Landing gear Landing gear AI 
y0.30 Iy

and AIZ =
bRudder originally neutral.

downn300^f1 ^s downn600^ p - ORecovery attempted by simultaneous reversal of rudder and elevator
,,Visual estimate,
ei:tandering spin.A

gainstAilerons Neutral Neutral fTail wheel installed.
220u,  190D

Elevator 15 O LI 1	 D	 150U N D U N D

a, deg ---- 54 ---	 -_--	 51 ---- ---- -°-- ---°

degID

---------

1D ---° ---- ----
f1, ros ---- 0. 50 ---	 --- -' 0. 5 ---- ---- ---- ----

V, fps 130 ---	 ----' l30 --- ----
Turns

----
y
i

el

for d	
1	

ci!((C3 ,,	 +---
`

32-	 3 °--

---tTd

-
2

P --°-recovery 2 4

Modification /
Area (fu// scale) =Z.0 sq,ft

r--__1



Dimensional Data

(Full Scale)

b, ft	 .	 .	 .	 .	 . .	 .	 .	 .	 . . 38.00
L, ft	 .	 .	 .	 .	 . .	 .	 .	 .	 . . 26.92
c, in .	 .	 .	 .	 . .	 .	 .	 .	 . . 84.14
S, .sq ft	 .	 .	 . .	 .	 .	 .	 . 260.00
A . .	 .	 .	 .	 .	 . .	 .	 .	 .	 . .	 5.56
Sb , sq ft	 .	 .	 . .	 .	 .	 .	 . . 46..70
Se , sq ft .	 .	 . .	 .	 .	 .	 . .	 19.90

Sv, sq ft .	 .	 . .	 .	 o	 .	 . .	 18.38
Sr , sq ft	 .	 .	 . .	 .	 .	 .	 . .	 9.20
Sp, deg .	 .	 .	 . .	 .	 .	 -30 R, 30 L

8e , deg	 .	 .	 .	 . .	 .	 .	 30 U, 20 D

Sa, deg	 .	 .	 .	 . .	 .	 . 232 U, 20 D

6f,
deg	 .	 .	 .	 . .	 .	 .	 .	 . .	 60 D

TDPF.	 .	 .	 .	 . .	 .	 .	 .	 23 x 10-6
Landing gear	 . . .	 Conventional

Model as tested.

ZS.33"

6

¢ eiei

w hinge

T.L.

ndder
hinge

NACA RM No. L7E15
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is 
GALE MODEL OF THE GRUMMAN XF'4F-3 .AIRPLANE

Kass Data
NATIONAL ADVISORY

Normal Loading	 COMMITTEE FOR AERONAUTICS

W, lb . . . . . . . . . . . 5824

x/c . . . . . . . . . . . . 0.238

z/® . . . . . . . . . . . . 0.005

IX., . . . . . . . 2310

Iy, slug-ft2 . . . . . . , 4996

IZ, slug-ft2 . . . . . . . 6$09

Test altitude, ft . . . . 12,000

µ (at sea 1?vel) . . . . . 7.72
µ' (12, 000 f t)	 . . . . . . 11.18
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a
Resume of Model Test Results

®	 For the clean condition, normal loading, and normal control
configuration for spinning, the model spun at a moderately flat
angle of attack (m = 490) and recovery was satisfactory by rapid
full rudder reversal (11 turns), Setting the ailerons against the

spin had an adverse effect, whereas setting ailerons with the spin
had a .favorable effect®

In general, for all loading and flap conditions tested, satis-
factory recoveries were obtained for elevator--up spins with the
ailerons neutral or with the spin; recoveries from spins with other
elevator-aileron settings were generally unsatisfactory.

Raising the stabilizer 10 inches, full scale, (modification 1)
or adding area to the fin and rudder (modification 2) improved the
recovery characteristics of the model, although, recoveries from
spins from which recoveries were previously unsatisfactory were still
generally unsatisfactory. A combination of raising the horizontal
tail 10 inches and adding area to the fin and rudder (modifications 1
and 2) proved effective, but recoveries were still unsatisfactory
from spins with the elevator neutral or down with the ailerons set
either neutral or against the spin.

Moving the fin and rudder forward 10 inches, full scale, (Modifi-
cation 3) in conjunction with adding area to the fin and rudder
(modification 2) led to an improvement of the recovery characteristics
for the normal-loading conditions and several mass variation tested;
however, recoveries were still unsatisfactory for elevator neutral
and elevator--down settings with the ailerons set either neutral or
against the spin®

Other modifications tested (modifications 5 to 11, inclusive)
were generally not as effective as modification 2 tested in conjunction
with a movement of the vertical tail 10 inches, full scale, (modi-
fication 3) forward of its original position.

Recoveries from all inverted spins obtained were satisfactory
by rapid full rudder reversal.

With the test altitude of the model lowered to 4000 feet, the
recovery characteristics of the model improved slightly.

NATIONAL AOVISOAY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 
18 SCALE MODEL OF THE ORS MAN XF4F-3 AIRPLANE

unless otherwise indicated steady-spin data are for rudder-with spina. of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect s pins; equivalent test
altatuue 11,000 Peet except as Indicated

Normal loading Rudder neutral spins, Effect of mass variations and flap deflections
normal loading on turns for recovery

Ailerons Against Neutral With Against Neutral With Ailerons Against Neutral With

Elevator U N D U N D
e)

N D U N D D b
b

Elevators U N D II N D U Nb)
a, deg 73

78.
79 49 75 67 - - 22 72 76 73 - 70 IX and AIy= ---- __ -_ 12 3 2 -_------

yl,	 de 311 211 2U 0 lU 2U -- -- 0 3II
.

8 4II 4II - lU - _ -- __
an A

.30IX y
1

32
1 11t 3 3Z b_ b_Q, rpa .6 .6 .7 .6 .6 - -- .9 -5 .6 .6 --

[73

0.6 _- _ _

v, fps 13 12 118 176 123 135 -- -- 241 135 123 123
Fdo&n j0

0
2 po spin 3 5 b_ b_-- 131 -- _

Turns 13- Flaps
d2Z

dNo bd_ bd-
No No

for a co 41 w o'
__ __ 1 --- --- --- -- --- -- __ --

600
down de m spin spin spin

recovery call y dopy, dam dam

Modification 1, Inverted spins, modification 1,
normal loading Inverted spins, normal loading normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator
(b)

N D
f

N D
f

bN II N D U N D U N D U N D U H D U N D
(b)

a,	 deg --- 6o 63 ___ 51 55 --- -= --- -- -- 34 34 1 30 ' 29 -- -- 26 -- --- ---- ---- ---- ---- -- -- ----
0, deg --- 5V 5II --- 2U 2U ___ __ _-- _- -_ 16D 0 1	 11) 8D -- -- 2D -- --- ---- - ____ ____ __ __ _

R, rps --- 3.52 0 .56 --° 0.51 0.53 -°- °°.°- -° 0.60 0.48 o.6o o.66 -- -- 0. 77 -- --- ---- ---- ---- ---- -- -- -°--
V, fps --- 147 14'51--- 164 155 --- -- --- -- -- 198 218 231 220 -- -- 241 -- -- 195 7225 253 225 -° i-- 260

Turns
for --- 3z' 6 __- 31 6 --- -- °- -- -° --°- °---

1
---- -- -- ---- -- --- hl '--° 1 1 --'-° ----recovery 2 2

modification 2, normal loading Modifications 1 and 2,
normal loading Modifications	 a	 3,

ormal loadi
Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U N D U N D
D

N D
(B)

N D U N D U N D
b b) (b) bB) b b. f b b

a, deg 75 77 --- 52 73 64 _ - - -- 57 60	 --- 50 56 --- - -- - - 57 58 1 58 - -- --
B, deg 5II 4II --- o lu lu -- - -- -- 6u 6u	 --- 2U 2II --- -- '- -- - -- o 1u lu - --- --

rpa 0.69 0.85 ---- D.45 D.6o o.58 -- - -- -° - 52 -54	 - -- •52 0. 54 --°- -° -- °-- -- °° 0.47 -53 0.53 - --- ---
V„ fps 137 126 128 168 131 141 -- -- -- -- 158 149 ---- 166 152 ---- -- -- --- -- -- 160 151 147 -- --- --°

Turns
for T 91

2
It
4 2 51 °- -° -- -- 2 31	 ----2

2 31 --°-^-- -° 11 8 8 i^ 3 34 -- --- ---
recovery 2 a L 4

Effect of mass variations,c.g. movements, and Modifications 2 and 4,
landing gear on turns for recovery. normal loading

aA'andering spin.
Modifications 2 and 3, normal loading

bVertical velo ci ty_too high to teat or
attempt recovery.

°Recovery attempted by simultaneous
reversal of rustler and elevator.

dTwo

Ailerons Against Neutral With Against Against Neutral With

Elevator U N D U N D U N D Elevator U N D U N D U N	 D
f b conditions possible.

eRecovery attempted ror the flatter oPAIX and AI Z = 0.15 I -" --
-- 11 3 31 -- -- -- a, deb "" - -- - - -" -- --X a a two types of spin.

to
PN test or attempt

ingcaneryacillatoryAIX and AIZ = 0.30 IX 14 P, deg _ __ _ __ _ _ __ __ __
2 32

14
L 32 f- 2 Z

goscillatory spin.
1'L

1
AIy and AIZ = 0.20Iy - -- -- 3 32 -- -- -- R, rps - -- - -- - -- -- -- -- Model recovers and goes into an erect

right spin.
AIy and AI Z = -0.202 -- -- -- 1 21

a 3 __ -- -- V, fps -- -- - - - - -- -- --
c.g. moved i'orward

-- -- --
1

3
1

-- --
-"

0.050 32
Turns
for 1

1 1
1

1
NATIONAL AOvlsoRv

COMMITTEE FOR AESINd WXSc.g- moved back
-- °- -- 11'

_-
--o.05c 3 3

.1
2 - -

recovery
2Z 3-

4
3 3L -' -- --

an	 ng gear
extended

"" "- -" 1 2 34 -- "- --



Modification 2ond4

Modification 1

Afadifjoatibm 2 ar7d 3

9-2,61

/0- 2.81

11 - 2.81

.81 sq. ft.

7- 5.62 sq ft.

_d/ sq. ft.
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SPIN DATA OBTAINED WITH THE I -SCALE MODEL OF THE GRUMMAN XF4P-3 AIRPLANE - Concluded

[Unless otherwise indicated, steady-spin date are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins;
equivalent test altitude 12,G60 feet except as lnoicated]

Effect of various tail
modifications on turd for Normal loading, Modification 2,
.recovery from the aileron equivalent teat normal loading,
neutral, elevator neutral altitude	 4000feet equivalent teat altitude
condition,normal loading 4000 feet

Modifi- Turns for Ailerons Neutral Neutral Withcation recovery

5 32-- Elevator U N N D U N N D --
i 1 1 1

6 3 a, deg 24 71 60 58 23 66 58 60 -

7 OD ^, deg 1D 2U 2U 2U 4U 2U 2U 3U -- - -

8 5 R, rps 0.55 0.66 0.58 0 .59 •57 0.62 0.57 0.61 -- -- --

9 1 V, fps 241 112 129 126 233.1:L6 129 121 - -- -°

10 3l Turns
for 11

4 5 3 31
2 ---- 31

4
2^
4

31
4 -- °- --11 >8 recovery

`Two types of spin possible. ppTIOk y ADVISORY
iDripfiFE FOR

AWIfication 2

-	 ons 5 to ll incl

(Araw {ia/i =ale)
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1/22-SCALE MODEL OF THE GRUMMAN XF5F-1 AIRPLANE

Dimensional Data

(Full scale)

b,	 ft	 .	 .	 .	 .	 .	 . .	 . . 42.00 I /0.77'

L,	 ft	 .	 .	 .	 .	 .	 . .	 . . 28.91 .77" oe— 374'

Z-,	 in	 .	 .	 .	 .	 .	 . .	 . . 88.60  - -- - - -1
S,	 sq ft	 .	 .	 .	 . .	 . 3 03-50 z7

7	 -
.46"

A	 *	 •	 e	 w	 •	 •	 •	 . o	 . a	 5.82 L7T flap t aileron

Sh,	 sq ft .	 . . 51.x..20 20.	 hinge	 hingd

Se,	 sq ft	 .	 .	 .	 . .	 . . 21.60 zsz"^
zs°

Sv,	 sq ft .	 . . .30.20 -
Sr,	 sq ft .	 .	 .	 .
Sr,	 deg	 .	 .	 .	 .	 .

.	 .
30

.	 15.20
R, 30 L

6
2a°

b e.,	 deg	 .	 •	 .	 .
6a,	 deg .	 .	 .	 .	 .

30
22

U, 20 D
U, 15 D /0.77"	

zrd
	 1.05'

6a, deg (112 stick) 9 U,	 8 D Root chord
Ake

 34° 2.64"

6f,	 deg	 .	 .	 •	 w	 . . D TL— --	 l30a^^
^ udder

TDPF	 .	 .	 .	 .	 .	 . 1973 x 10' 6
Landing gear	 . Conventional Model as tested.

Mass Data
NATIONAL ADVISORY

Normal Loading	 COMMITTEE FOR AERONAUTICS

W,	 lb	 .	 .	 .	 .	 .	 . .	 . . 8,616 1X - Iy	 .	 .	 .	 .	 .	 .	 .	 76 x 10`°4
xA	 .	 .	 .	 .	 .	 .	 . .	 . . 0.234 mbz/c .	 .	 .	 .	 .	 . .	 . . 0.077
IX,	 slug-ft2 	.	 . .	 . 10,787 Iy - IZ 	 .	 .	 .	 .	 .	 .	 .213 x 10-4
Iy : 	slug-ft2 	.	 . .	 . . 7,174 mb2
I Z	 slug-ft2	.	 . .	 . 17,2E

I2 - IX	 X 10°Test altitude, ft .	 . 10,000 137
µ (at sea level) .	 . .	 8.83 mb2

(10,000 ft)	 . .	 . .	 11.97

••

••
•••
••
•
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Resume of Model Test Results

In general, for all conditions tested with the normal control
configuration for spinning the model spun steeply with a rate of
descent exceeding 286 feet per second, full scale. The model
generally would not spin with the elevator neutral or down or
with the ailerons set against the spin. Results indicated that
recoveries from all spins obtained would be satisfactory by
rapid full rudder or elevator reversal.

r
Opening the cockpit or extending the landing gear with the

cockpit open had no effect upon the spin and recovery character-
istics of the model (data not presented) .	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE -&-SCALE MODEL OF THE GRUMMAN XF5F-1 AIRPLANE

[Unless otharwise indicated,steady-spin data are for rudder-with spins of the model In the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins

Normal loading AI 	 and AIy = 0.30 IX
a Velocity too high to test.
bOscillatory spin.
cRecovery attempted byAgainst With

Ailerons Neutral Against Neutral With simultaneous reversal
Full Full d	

of rudder and elevator.

Recovery attempted byII N D II I N D 'Uj N I D II 	 I N D N D U N D U N D II N DElevator neutralizing rudder.

a, deg

N N N N
0

N
0

N
0

N
0

N
0

N
0

N
0

JU

N
0

N
0

N
0

N
0

N
0

-- N
0

N
0

-- N
0

Ndeg -- ----

JI„ row
a
p

a
P

a
P

a
p

a
P

a
P

a
P

s
p

a
p

a
p

a
p

a
P

a
p

a
p

a
P

--

-- a
p

a
P

--
-- a

p
a
P NATIONAL ADVISORY

V, fps -- °- 00

Turns i i i i 1 1 1 i i i 1 I 1 1 i 1 1 1 1 1 COMMITTEE Fm AEROX TICS
for n n n n n n --- n n •° n n l4 n n n n n- n n -- n n

recovery

AIq and AIy =	 .301y e.g. moved forward 0.047a e.g. moved back 0.04e

Against With
Ailerons Neutral Against Neutral With Against Neutral with

Pull
1

Full

Elevator U N D U N D U N D
b b

D D N D U N D U N D II N D U N D U N D: D &.B

a, deg
N

1 o
s
p
i

N
0
s
p
i

N
0
s
p
i

N
0
a
P
i

N
0
s
p
i

N
0
s
p
1

--
--
-

°°

N
o
a
p
1

N
o
s
1 —

--- °-
N
0
a
P
i

50 42
N
o
s
P
3

N
0
a
p
1

N
0
s
p
1

N
0
a
p
1

-'
-'
--
--

N
o
a
p
i

N
o
s
p
i

N
o
s
P
S

-N
0
a
P
S

N
0
s
P
i

N
0
a
P
i

N

w
P
i

N
o
s
P
i

N
o
a
P
1

-

'°
°-
--

N
0
a
P
1

N
0
s
P
1

91. a®B ---
"-

°-'
--

5D 3D --- 0--
---s

0.140 0.50
V, fps p --- --° 198 211 ---

n n n n n n n n n 12
4 11

n n n n n n n n n n n n n  n
Turns
for -- --- _-- a3 d2 --

recovery 4 4
14

I n

dco

Plans 600 down, cockpit Landingcondition, Inverted spin, Inverted spin

oven, normal loath normal loading normal loading AIY and 	 lZ = 0.30 IY

Ailerons Against Neutral With Against Neutral With Against Neutral With Against Neutral With

Elevator U N D
a1

N D U N D V N D
1e1

N D U N D U N D U N D U N D U N D U N D U N D

a, deg
N N N

--
N N

146 142
N N N N

-
N N

47
N N N N N N N N

36 31
N N N N

34
N N

44 36 32

6D 60^, deg o

s
n
1

0

a
P
1

0

a
p
1

--

-'
__

0

a
p
1

0

a
P
1

SD 0 o

s	 a
p	 p
i	 i

o

a
p
S

o

a
P
1

-°
--

o

a
P
1

0

s
P
1

0 o

a s
P P
1 1

0

a
P
1

o

a
P
i

c

a
P
1

o

a
P
1

0

a
P
S

0

a
P
i.

2D 2D o 0

s a
P P
i	 i

0

s
P
i

0

s
P
l

0 0 0

a s
P P
I i

2D 3D 2D
A I rps DJ4.5 0.54 0.47

162
0-510-55

200 213

0.45

228

0.46

188

0.51

198

o.56

211V, fps 171 173

Turns
for

n n n
-

n n
2 2

n n n n
--

u n
2

n n n n n n n n
2 14

n n n n n n

recovery, 4 12 12
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15 
-SCALE MODEL OF THE GRUMMAN XF6F -3 AND XF6F-1 AIRPLANES

5

A
5®
0

s
m1*

Dimensional Data

(Full Scale)

(Data are the same for both air-
planes except where noted)

b,	 ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 . 42.83
L, ft

XF6F-3 airplane . .	 . 33.70
XF6F-1 airplane . .	 .	 .	 . 33.52

F,	 in .	 .	 .	 .	 .	 .	 . .	 .	 .	 . 97.40
S,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 334.00
A	 ....

	
........ 5.49

L.E, 3- aft L.E. Or, in.	 .	 .	 10.14
Sh,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 76.70

Se,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 27.50
Sv,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 23.40
Sr,	 sq ft	 .	 .	 .	 .	 . .	 .	 ;	 .	 9.00
Sr ,	 deg	 .	 .	 .	 .	 .	 . .	 30 R, 30 L

Be*	 deg	 .	 .	 .	 .	 .	 . .	 30 U, 20 D
ba,	 deg	 .	 .	 .	 .	 .	 . .	 19 U,	 15 D
6f,	 deg	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 50 D
TDPF.	 .	 .	 .	 .	 .	 . .	 177 x 10

-4
Lan Cding gear . . . onventional	 XFWF A Model

The XF6F-1 and the
XF6F-3 airplanes are
dimensionally similar with
the exception that the nose
section of the XF6F-1
differed slightly from that
of the X76F-3 as shown on
the cmmparison sketch.

Mass Data	 NATIONAL ADVISORY
CONNITTEE I% AERONAUTICS

Normal Laading

X.F6F-3 XF6F-1
	

XF6F-3	 XF6F-1

W,	 lb	 .	 .	 .	 .	 .	 . 11,087 10,558 IX-IY . .	 .	 _14)4 x 10-4 -3 6 x 10-4
x/F .	 .	 .	 .	 .	 .	 .	 . 0.247 0.265 mb2
Z f c .	 .	 .	 .	 .	 .	 .	 . 0.093 0.091
IX,	 slug-ft2	.	 .	 . 8787 8860 Iy	 IZ . .	 . -131 x IO

-4
-337 x 30-4

Iy,	 slug-ft	 .	 . 11,563 11,067 mb2
Iz,	 s lug- ft2	.	 . 19,950 19,337 IZ - ix

.	 375 x 30'"175 173 X'10 °
Test altitude, ft. 18.,000 18,000

2mbµ (at sea level) .	 . 10.10 9.64
µ' (18,000 ft). . . 17.69 .16.91
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Resume of Model Test Results

For the XF6F-3 model in the clean condition, normal loading,
normal control configuration for spinning, two types of spin were
possible; recovery from the steeper of the two spins (a = approxi-
mately 250) was satisfactory by rapid full rudder reversal, whereas
recovery from the moderately flat spin (a = 440) could only be
obtained by simultaneous rapid full reversal of rudder and elevator.
Unsatisfactory recoveries by rapid full rudder reversal were obtained
for all other control settings except when the ailerons were against
the spin and the elevator full up.

Extending or retracting the mass along the wings (L61X and
All = 0.35 IX, or -0.30 IX), extending or retracting the mass along
the fuselage (AIy and 6Iz = 0.25 Iy, or -0.07 I), or a forward
or rearward movement of the center of gravity 0.05E from its norm
position had no appreciable effect on the spin and recovery charac-
teristics of the model.

Recoveries from spins with the model in the landing or take-off
condition were slower than for the model in the clean condition.
Satisfactory recoveries from inverted spins by rapid full rudder
reversal were obtained only when the controls were together or neutral.

Raising the horizontal tail 12 inches, full scale (see sketch),
improved the recovery characteristics of the model and recoveries
were generally satisfactory from the aileron-against and aileron-
neutral spins.

Installation of antispin fillets, vertical fin area below and
to the rear of the fuselage, or the addition of area to the top of
the fin and rudder (see sketches) did not appreciably alter the
recovery characteristics of the model (data not presented).

Installation of a revised horizontal tail with decreased
maximum elevator deflections of 26 0 up and 150 down had little
effect on the recovery characteristics of the model.

Tests conducted with the XF6F 3 model ballasted and revised to
conform to the XF6F 1 airplane showed similar spin and recovery
characteristics as obtained with the XF6F 3 model.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 1S SCALE MODEL OF THE ORUMHAN XP6F-3 AND XP6F-1 AIRPLANES

[Unless  otherwise indicated, steady-spin data are for rudder-with spine of the XF6F-3 model In the clean
condition and recoveries were attempted by rapid full-reversal from right erect spins

"	 Normal loading Al 	 and	 AIZ = 0.35 IX AIX	 and	 AIZ = -0.301X

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator II N I	 D II U N D 2 !
i	

U N D II N D U	 N D U N	 D U , N D U N D U; N D(a) (a) tu ( J) U) (k) (	 ) k
a, deg -- 52 50 44 25 48 148 44 1 46 47 45 --- 45 41 47 51 52 50 50	 48 24

ZII

54 52 40 ! 48 49 42	 42 --

0, deg ---I lU 2II 2D --- 0	 0 5D . 1D 2D 2D ---' 3U 34 2D '	 0 0 3D 2D 2D r2II 2II 3D 0 0 7D B 5D ---

rpa	 - --- OS .55 .44 --- D.54 0656P. 44 0.^ 0.5 0.561---,0.54 0 0.44 )D.54 .M 0.440. 0.55 --- 0. B2 0.54 0.45 1 0.5 --- 1 0.50---
V. fps 312 1198 193 210 324 196 1961224;220 202 193 ),312'212 212 223 196 1198 215 201 196 276190 182 24'196 ,190 252 24

03 f 1
3L g 3

1  d5 2Z,.0D f 1 2
Turns

4 13

6

4'E	 1

1

4	
0

f l 3

l42
1 3for

recovery

ll
4

l
^

e l2 4
g

42
c
3 1

32'
4 1

57
5

f 1 de
6 oc

23 4 2 2 f1I
4 eft '012 4 e 52 3 4 4

4

Aly	 and	 AIZ = b.25 Iy AIy	 and	 AIZ = -0.07 Iy e.g. moved forward O.OSo

With

Ailerons Against Neutral Against Neutral With Against Neutral 51thOOlaU
gull

Elevator (i) N D U N D U U N D U N D U N D U N	 D II N	 D V N D II N D

a, deg - 53 53 43 52 53 -- 49 48 23 1 48 44 44 48 47 48 48' 47 25	 49 48 37 50 50 45 47 45

Q, deg - 117 1D' 3D 0 0 -- - 3D 3D 2II 2II 3II 0 0 lU 5D 2D I 2D

0.97
lU lU

--- 0.51

305 , 198r--~

117

0.57
196

3D

---

243

ID

198

1D 5D-' 3D 3D

n, rps -- 0.47 0.49 0.4C 0.47 0.49 --- - 0.48 0.51 -- .54 0.5E 0,46 0.56 O.5B O.V 0.55 0.850.570.

198
0.56 0.

V, fps - -- 19 187 229 196 190 281 -- 212 198 293 207 202 221 198 204 X24 196'202 218 zoo

4

2

45 5 d 3
&Z

d 3
4

^

T for --' E
9t

23 a 1 -- 4 d5 cl 3 2 4^ 3 4t 4 I f4I 1q 3 5 2 4 d5 v4
Recovery 1

64
4 3

^^¢
24 d 1 4

1
4-2

1

4'2-8 3^

Landing (or take-off) condition, nver a	 sp na, no	 oe	 ng,
e.g. moved back 0.053 - normal loading recovery- 

brodde
neutralizing

the

Ailerons Against Neutral With Against Neutral	 With Against Neutral With

Elevator
U N D U N D U	 N D II N D U N D II N D U N D U N D U N	 D

(m). (n) (1) (o) (0)

43

(1)

-- N

o

i

n

N
o

S

n

52 44 `34a, deg --- 50 49 47

ID

50 40 47	 48 48 -- 46 43 -- 48• 47

1D

-- 43 43 42 N
o

S

i
n

deg -- 2U 2II lU O 4D B 3D 2D -- 0 0 -- 1D --. 4D 3D -- p ID 3D 2D 13D

Q, rps --- 0.50 0.52 0.41 0.50 0.59 0.43 0. 0.53 -- 1 0.54 0.56 -- 0.54 0.58 --10.55 0.58 --iS 0.47 ---- 0.43

218 229V, fps - 198 193 226 198 196 235	 198 198 -+ 182 182 -- 190 184 -- 190 187 232 293

Turns
d43

4 42, >2 '3
for --- 34 4 44 d6 >8	 4^ f5 -- f"E --^ 9 -- 42 ^ -- 14

Recovery e 1 4
p pj 2 1

d6 3z

NATIONAL ADVISORY
aTwo types of spin.	 COMMITTEE FOO AERONAUTICS
bRecovery attempted before final steeper altitude was attained.
eVisual observation.
Goes into inverted flight after recovery from erect spins.

®Recovery by simultaneous full reversal of rudder and elevator.
froes into roves-tea spin after recovery from erect spin.
gRecovery attempted by reversing rudder from full-with to 2/3 against the spin.
bRecovery attempted by simultaneously reversing rudder to 2/3 against spin and

neutralizing elevator.
13ecovery attempted by simultaneously reversing rudder to 2/3 against spin and

moving elevator to full down.
Steeper type of spin also possible.

kOscillatory spin.
1 Steep spin at high velocity
°'Steep, wandering, and violently oscillatory spin.
'Wandering and oscillatory spin.
OTwo types of spin possible; moderately flat s plr y la'lar to elevator-

"Pin, and steep, wandering, and violently oscillatory, also possible.
PRecovery attempted by full rudder reversal.
4Wandering spin.
rSteeper type of spin similar to that with elevator neutral also possible.
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SPIN DATA OBTAINED WITH THE q SCALE MODEL OF THE GRUMMAN XP6F-3 AND XF6F-1 AIRPLANE - Concluded

[Unless otherwise indicated, steady-spin data are for rudder-with spina of the XF6F-3 model In the clean
condition and recoveries were attempted by rapid fall-reversal from right erect spins

Horizontal tail raised 12 inches,ncraal leading Revised horisontal tail, XF6F-1 revised horizontal tail,
normal loading normal loading

Against with
Ailerons Neutral Against Neutral with Against Neutral WithFull 6o 60U

5 5'D Pali

Elevator U N I D U U N D II II 1T D II N D II N D II N D II N D II N D II ft D(Q) (n) nr n k k k (n)_
a, deg 26 26 130 1 --- 33 26 28 39 46 42 25 1 25 48 44 --- 43 46 41 48 -- 25 149 51 - 49 50 47 4447
fd, deg 3U 4II 4II I --- 31) 1D 0 1 4D 5D 4D 3D I 0 2II ,2II --- lD 0 5D 3D -- 2II I 2U lu - 1D 1D 6D 3D '3D

J1, rps --- 0.67 P.671 --- --- 0.683.61 --- 0 .6-,0.61 --- 1531--- •5 -- --- -- -- •5 0.52 - 51 •53 -- ).50---
V, fps '311 266 a54 287 270 272 258 243 220 269 258 30 206201 --- 201 201 305 204 198 - 212 201 240 209 204.

3

• 3
4 +Tfore

2
1 1-p lz— 2

lfl
z2 1 4

ld3
34 --- 4 d5 c434

1
-- 1 4

d 1
4• --

1
42

d1
54

1
3

1
5recovery

2 e14 4 3 21
4

4

NATIONAL ADVISORY
'visual observation. 	 COMMITTEE FOR AERONAUTICS
dGOes into inverted flight after recovery from erect spins.
°Recovery by simultaneous full reversal of rudder and elevator.
fGoes into inverted spin after recovery from erect spin.
iStesper type of spin also possible.
Oscillatory spin.

nHandering and oscillatory spin.
pRecovery attempted by full rudder reversal.
4Uandering spin.
rSteeper type of spin similar to that with elevator neutral

also possible.
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XF6F-3
(Horimnto/ fai/ surfaces

raised 12 inches fu11
sca/e).
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Dimensions ore
full-sea/a.
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2O -SCALE MODEL OF THE GRUNMAN XF7F .. 1 AIRPLANE

Dimensional Data

(Full Scale)

b,	 ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 51.50
L,	 ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 44. 71
F,	 in.	 .	 .	 .	 . .	 .	 .	 .	 .111.65
S,	 sq ft	 .	 .	 . .	 .	 .	 .	 .	 455.00
A.... ......	 5.83
L.E. daft L.E. cr ,	 in.	 .	 .	 .	 0
Sh ,	 sq ft .	 .	 . .	 .	 .	 .	 .	 108.80
Se ,	 sq ft .	 .	 . .	 .	 .	 .	 .	 . 36.64
Sv ,	 sq ft .	 .	 . .	 .	 .	 .	 .	 .	 53.80

Sr ,	 sq ft	 .	 .	 . .	 .	 .	 .	 .	 .	 21.40
6r ,	 deg .	 .	 .	 . .	 .	 .	 30 R. 30 L
6e ,	 deg .	 .	 .	 . .	 .	 .	 20 U, 20 D
6a,	 deg .	 .	 .	 . .	 .	 20 U,	 18 D

6f,	 deg.	 .	 .	 . .	 .	 .	 .	 .	 40 D

TDPF	 .	 .	 .	 .	 . . .	 .	 449 x 10-6
Landing gear	 . .	 .	 . .	 Trickle

orr'

2.4!

¢ elev.
-t flap hinge

_^ of/erne

.sa° so""

! 
f	 ^ 34r

^go,
6^

838" -
.46'	 /. fz20'

T.L. 05/"

f %ine 70" 3°srcideixe	 rudder
¢hinge2682"

Mode/ as tested.

Mass Data	 NATIONAL ADVISOPY

Normal Loading	
COMMITTEE FOR AERONAUTICS

W, lb	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 17P777
x/c .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 0.262
O .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 0.126
Ig, slug-ft2 	.	 .	 . .	 .	 .	 4o,087
Iy, slug-ft2 	.	 .	 . .	 .	 .	 25,595

Iz, slug-ft2 	.	 .	 . .	 .	 .	 64,151
-Test altitude,	 ft . .	 .	 .	 15,000

µ (at sea level)	 . .	 .	 .	 .	 9.91
µ' (15,000 ft)	 .	 . .	 .	 .	 .	 16.21
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Resume of Model Test Results

i
9

In the normal loading, clean condition, and normal control
configuration for spinning, the spin of the model was oscillatory
in pitch and rate of rotation, and recovery by rapid full rudder
reversal alone was not-satisfactory. The turns for recovery
apparently varied with the phase of oscillation during which the
rudder was reversed. Aileron-against settings expedited recoveries,
whereas aileron-with settings retarded recoveries. Recovery by
reversal of the elevator from full up to full down in conjunction
with rudder reversal led to satisfactory recoveries for all aileron
settings. The results indicate that incomplete rudder or elevator
reversal would have a detrimental effect upon recovery.

Extending or retracting the mass along the wings (AIX and
L6IZ = +_0 0 20 Ig), extending or retracting the mass along the fuse
(61Y and ,61Z = 0.20 Iy or --0.09 Iy), or a forward or rearward
movement of the center of gravity 0.108 from its normal position
no appreciable effects upon the recovery characteristics of the model.

Results obtained for the model in the landing or take--off
condition (flaps deflected 400, landing gear extended, and landing-
Sear doors open) generally were quite similar to corresponding spins
for the clean condition.

- Increasing the vertical tail area (modifications 1 and 2).,
adding an antispin sail (modifications 3 and 4), adding a dorsal fin
(modification 5), or eliminating the wing duct entrances on the
leading edge of the wing (data not presented) did not appreciably
alter the spin and recovery characteristics of the model.

The model would not spin inverted for any control configuration
(data not presented) . 	 NATIONAL ADVISORY

CONNITTEE FOR AERONAUTICS
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SPIN DATA OBTAIN?D wrm THE 'SCALE MODEL O THE ORUL-TAX MP`-1 AIRPLANE

[Unless otherwise indicated,steady-spin data are for rudder-with spine of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spina
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICSasteep spin.

bOscillatory sp in. Range of values or average values given.

cTwo conditions possible.

dRecoveries attempted before final steep attitude was attained.

eVisual observation.
fyodel recovers in a spiral.
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SPIN DATA OBTAINED WITH THE 20 CALE MODEL OF THE GRUMMAN xF7F-1 AIRPLANE - Concluded

[Unless otherwise indicated, steady -spin data are for rudder -with spins of the model in the glean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]
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Modifications 3 t F
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(Full Scale)

b,	 ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 . 35.00
L,	 ft	 .	 .	 .	 .	 .	 .	 . .	 .	 ..	 29.76
B"	 in.	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 83.16
S,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 232
A.	

.®	
.	 .	 .	 .	 . .	 .	 .	 .	 5.28

L.E. c aft L.E. cr , in. .	 .	 4.29
Sh ,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 . 30.46
S e ,	 sq	 ft	 .	 .	 .	 .	 . .	 .	 .	 12.0,2
Sv,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 14.36
Sr ,	 sq ft .	 .	 .	 .	 . .	 .	 .	 .	 8.03
sr ,	 deg	 .	 .	 .	 .	 .	 . .	 30 R, 30 L
S e ,	 deg	 .	 .	 .	 .	 .	 . .	 30 U, 15 D

6 a*	 deg	 .	 .	 .	 .	 .	 . .	 25 U, 10 D

6f,	 deg	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 45 D

TDPF	 .	 .	 .	 .	 .	 .	 . .	 1?5 x 10-6
Landing gear	 .	 .	 . Conventional

TL.

rudda-
ing+e

Model as tested!
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-L-SCALE  MODEL OF THE BELL 'L-1 AIRPLANE
20

e4"	 —s 60"	 slay hinge

Dimensional Data

2.00°

4,4°	

t

--iii,  l X00°

X-taileron

5.27°	 hinge

of center flap /TO"
r:56°

Mass Data NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Normal Loading

W.	 lb	 .	 .	 .	 .	 .	 .	 .	 .	 .
x/?- .	 .	 .	 .	 .	 .	 .	 .	 .	 .

.	 .	 6212

.	 . 0.290
Ix - Iy

mb
.	 .	 .	 .	 .	 .	 -77 x lo- 4

z/c .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 . 0.135
I	 ,	 slug-ft2	.	 .	 .	 .	 .X, .	 .	 2750 Iy -,IZ -4

.	 .	 .	 .	 .	 .	 -97	 x	 to
Iy,	 slug-ft2	.	 .	 .	 .	 . .	 .	 4560 mb2
IZ ,	 slug-ft2	 .	 .	 .	 .	 . .	 .	 6890 IZ - Ix

17	 x 10-4
Test altitude, ft	 .	 . .	 .	 8000 mb2 .	 .	 .	 .	 .	 .

4L (at sea level)	 .	 .	 . .	 .	 10.00
4 1	( 8000 ft)	 .	 .	 .	 .	 . .	 .	 12.72
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Resume^ of Model Test Results

Extending -the landing gear alone had little effect upon the
recovery characteristics of the model for aileron. neutral spins.
For the model in the landing condition (landing gear extended,, flaps
down 450) or take-off condition ( landing gear extended; daps down
200 ) recoveries by rapid full rudder reversal were satisfactory for -the
nonml-spinning control configuration.

Recoveries from all inverted spins obtained were satisfactory
by rapid full rudder reversal.	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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[Voices	

DATA OBTAINED WITH THE -L-SCALE MODEL OF THE BELL XFL-I AIRPLANE

[Voices otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Normal loading, rudder Effectof 
mass va ist

lo	 n
Normal Loading neutral spins

a n	
co
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Full Fu11
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Elevator U ti D
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0.	 I X
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-- 1
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p
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1$1
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s
P
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s	 s
p	 p
1

V, fps 177 181 l00 189 202 202 189 194 s --
p

-- -- -- -- AIy and AIZ =
-0.20I Y

11
2

21
3

1^ 2^ 41 11 21 31 l
^q
ct p

1
Turns

4 4 2 2 2 4
c	 .1

n n n
1

n	 n
e.g. moved
forward 0.05c - _ -- 2

for--- --- --- --- --- ----- d l
32

dm -- -- -- -- --- ^-- °- - --
c.g. moved

--
112 11

recovery c 1 d 1
-32 --- --- --- --- '-- Z --- back 0.05c 2

Landing gear Take-off
extended, Landing condition, normal loading condition, Inverted spin, normal loadi nE
normal loading normal loading

Ailerons Neutral Against Neutral With Neutral Against Neutral Witb

Elevator U N N D U N D U N D U	 N D U N D U D U D U D
(b) (e) (e) (f) (a)

Turns

_
14 22 14 34 64 12 24 4 12	 2 2 12

3^ 52
4

1 12 1 --- --
recovery

2

NATIONAL ADVISORY

aVelocity too high to test. 	 CONNITTEE, FOR AEWMAUTICS

bToo wandering to test.

e Recovery attempted by simultaneous reversal of rudder and elevator.

dRecovery attempted by neutralization of the rudder.

eTwo types of spine.

fWandering and oscillatory spin.
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1`25-SCALE MODEL OF THE BELL YFM- 1 AIRPLANE

Dimensional Data

(Full Scale)

b, ft	 .	 .	 .	 .	 .	 . .	 .	 .	 70.00
L, ft	 .	 .	 .	 .	 .	 . .	 .	 .	 47.16
c, in.	 .	 .	 .	 .	 . .	 .	 .	 124.32
S, sq	 ft	 .	 .	 .	 . .	 .	 .	 688.00
A	 . .	 .	 .	 .	 .	 .	 . .	 .	 .	 7.12
L.E.c aft L.L.cr .	 .	 .	 15.08
Sh, sq	 ft	 .	 .	 .	 . .	 .	 .	 115.26
S e , sq	 ft	 .	 .	 .	 . .	 .	 .	 37.87
Sv, sq ft	 .	 .	 .	 . .	 .	 .	 46.83
Sr, sq ft	 .	 .	 .	 . .	 .	 .	 25.99
br, deg	 .	 .	 .	 . 30 R, 30 L
b e ,. deg	 .	 .	 .	 .	 . 35 U,	 15 D
ba , deg	 .	 .	 .	 .	 . 25 U,	 10 D
b f, deg	 .	 .	 .	 .	 . .	 .	 .	 45

0TDPF	 .	 .	 .	 .	 .	 . 111 x 10'
Landing gear	 .	 . Conventional

MASS Data
NATIONAL ADVISORY

Normal Loading COMMITTEE FOR AERONAUTICS

W, lb .	 .	 .	 .	 .	 .	 . .	 .	 18,125
x/c̀  . .	 .	 .	 .	 .	 .	 . .	 .	 0.318
x/C.......... 0.153
Ix, slug-ft2 .	 .	 . .	 39,600
I Y, slug-ft2 .	 . 22,800
IZ, slug-=£t2 	.	 .	 . .	 58,400
Test altitude, ft . .	 14,000
µ. (at sea level)	 . .	 .	 4.93
µ'	 (14,000 ft)	 .	 . .	 .	 7.60

IX - IY
.... 61 x 10' 4. 

mb2
Iy	 IZ . . . . 4129 x 10-4

mb2
mZ	 x	 . . . . 6B x 10`°4

mb2
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Re"sume of Model Test Results

For the normal loading9 clean condition, the model would spin
only with the elevator full up o The model would continue to spin
after recovery was attempted by rapid full rudder reversal, but
satisfactory recoveries were obtained either by'simultaneous rapid
full reversal of both rudder and elevator or by a rapid full
reversal of the elevator alone (data not presented). With the
rudder set against the rotation the model spun in an oscillatory
manner when the elevator was full up but would not spin when the
elevator was 150 ,up (data not presented).

With the mass extended along the wings \&-^, and LLTZ = 0.30 IX),
or with the center of gravity moved forward 0.058 or rearward 0.108
from its normal position, the spin and recovery characteristics of
the model were similar to those obtained for the normal loading,
clean condition.

With the mass extended along the fuselage (ATy and tZ, = 0.50 Iy

the model would spin for more control settings and with a more
oscillatory motion than for the normal loading condition. Recoveries
by rapid full rudder reversal were in general similar to those for
the normal loading condition.

With the mass extended along the fuselage (M, and AI Z = 0.30 IY),
and the center of gravity moved rearward. 0.106 From its normal
position, the aileron-against and aileron neutral. spins were similar
to the corresponding spin for the normal loading, clean condition.
With the ailerons set full with the spin, the elevator up spin was
extremely steep and the elevator neutral or down spins moderately
steep with marginal recoveries.

For the landing condition (flaps 450 down and landing gear
extended), the spinning characteristics of the model were similar
to those obtained for the clean condition.

In order to obtain a no-spin condition when the elevator was
full up and the rudder was against the spin (normal loading, clean
condition), areas were added separately to the vertical and hori-
zontal tail surfaces (see sketches). Adding area F to the vertical
tail produced the desired condition, whereas the other areas had no
appreciable effect (data not presented) . 	 NAT MAJAL AOYlS{)KY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE m-SCAIE MODEL OF THE BELL YFM-1 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spins.]

Normal loading AIX and AT  = 0.30 IX AIY and AIZ = 0.50 lY,
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.Nandering spin.	 NATIONAL ADVISORY
bRecovery attempted by simultaneous reversal of rudder and elevator. COMMITTEE FOR AERONAUTICS

°Model goes into a very oscillatory spin when rudder moves.
emodel too oscillatory to test.
Velocity too high to 	 test.

Areas added to horizontal tai/
	 Areas added to wrtico/ tai/

4

^p

•
•

•
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1 -suw moum of Tim off , 	 hu -3

Dimensional Data

(Full Scale)

b, ft .	 .	 .	 .	 .	 . .	 .	 .	 .	 41.00

p
L, ft	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 31.91
V, in.	 .	 .	 .	 .	 . .	 .	 . .	 96.36
S, aq ft	 6 .	 .	 . .	 . . .	 314.00
A . .	 .	 .	 .	 .	 .	 . .	 .	 . .	 5.36
L.R. Taft L.R. or , in. .	 2.65

Sh, aq ft . .	 .	 . .	 . . .	 61.40
Sa, sq ft .	 .	 .	 . .	 .	 . .	 26.90
Sy, sq ft .	 .	 .	 . .	 .	 .	 .	 25970
Sr, sq ft .	 .	 .	 . .	 .	 .	 .	 14.70
8r, deg .	 . . .	 . . .	 25 R, 25 L
8e, deg	 .	 .	 .	 .	 . . .	 30 II, 30 D
8a,
5f,

deg .	 .	 .	 .	 .
deg ( landing

. .	 20 g, 10 D
condition) . 60D

6a, deg ( landing condition) . 10D
TDPF	 .	 . .	 .	 .	 . . .	 272 x 10`6
Landing gear	 . . .	 conventional

hinge ; ^I.

4.5, 105" 	 ¢ f/oph
 ^ Of/Pfd!

NW

S25"	 358"

c

Mass Data
	

NATIONAL ADVISORY
COMMIT 'T'EE FOR AERONAUTICS

Normal
Flight
loading

9166
0.26
0.08

7876
8615

15

12000

9.30

13.39

-15 x 10°4

Alternate
f light
loading

9497
0.26
0.08
9166
8615
16730

1200
9.63

13.89

11 x 10-4

Producti on

10 ,7p0
0.28
0.08
9098

10,217
18,264

10.85
13.81

-20 x 10,4

ly - xZ ......
	 x to-4 -143 x to-4 -164 x to-4 	x 10-4

mb2
1z 

g 
ix	

155 x 10-4 158 x 10-4 153 x 10-4 164 x 10-4mb2......
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Re"sume" of Model Test Results

With the model equipped with the original tail for the normal
loading,clean condition and normal control configuration for spinning
or slight-deviations from this control position, the recovery
characteristics of the model were satisfactory only by simultaneous
full reversal of rudder and elevator. Setting the ailerons full
against the rotation enabled satisfactory recoveries to be obtained
by rudder reversal alone for all elevator settings, whereas satis-
factory recoveries could not be obtained for any elevator setting
when the ailerons were set full with the rotation.

In order to improve the recovery characteristics of the model
obtained by rudder reversal alone, the original vertical tail surfaces
were moved forward 10 inches and 20 inches full scale (modifications 1
and 2) and a ventral fin was added to the fuselage with the tail wheel
extended (modification 3). Modifications 1 or 2 had no appreciable
beneficial effect on the recovery characteristics of the model, whereas
with modification 3 the model would not spin when the ailerons were
neutral and the elevator was either neutral or down (data not presented
for modification 3

Replacement of the original vertical tail with vertical tail 1
(see sketch) had a detrimental effect on the recovery characteristics
of the model by rudder reversal alone. The addition of a ventral fin

.with the tail wheel extended (modification 3) enabled satisfactory
recoveries to be obtained by rudder reversal alone. Alternate
modifications such as raising the horizontal tail 10 inches and 5
inches, respectively, from its original position (modifications 4
and 5), moving the vertical tail forward 15 inches from its original
position (mod.ifica:tion 6) or a combination of modifications 5 and 6
were not as effective in producing satisfactory recoveries as modi-
fication 3.

The arrangement of tail 2 was a practical full-scale design
revision based on the results of the precious tests. It consisted of
moving vertical tail 1 forward 10 inches, full scale, from its original

1
location and raising the horizontal tail 72 inches, full scale, from

its original location. For the normal loading, clean condition, the
recoveries of the model equipped with tail 2 were satisfactory by rapid
full rudder reversal only when the ailerons were set neutral or against
the spin. The model appeared to be quite critical to changes in loading
condition. For the production loading, for example, the recovery
characteristics were unsatisfactory by rudder reversal alone although
simultaneous reversal of both rudder and elevator gave satisfactory
recovery characteristics of he model except when the ailerons were
with the spin.	 NATIONAL AOVISOAYY

COMMITTEE FOR AERONAUTICS
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^	 9P1H DATA OBTAIN® V= 2-10-MM MMM OF TINS MANUR YET 1FIM-1 AIIUMM

^DYrlaee otherwise indicated, steady-spin data are for rudder -with aping of the model in the clean condition end. rocovorios ware attempted by
rapId. full-rudder reversal from right erect spins 	 equivalent test altitude.	 Normal loading and production loading 8 ,000 feet, flight
1oa81ng and alternate flight loading 12,000 feet

A
Original tail, normal loading

Original teil,affect
0
• of modifications of
I®

ilm2 as Against Neutral With vertical tail on Tail 1, normal loading ® twee for recovery,

H]svator IF N D II N D II N D
normal loading

ey deg 49 41 40 51 47 43 49 46 41

deg 2II 21F 2O 1II 2D 211 1D 0 0 1 Ailerons Neutral Ailerons Against Neutral With

9, rps 0.46 0.58 0.62 0.47 0.56 0.59 0.43 0.55 0.60
Elevator II N D ffievator IF N D II H D II N D

Y;, tpa 1T3 173 169 173 165 161 173 165 167

TIMM 12 2 21 Modifi-
-° 2 1 Tlnas

2 1^ 21 11 a 3 23 cation 1 E2 22 X22 3 2 2 4 2t >4 3t
rocovary all 2 2 ai T 2} 4

3
4 i 2

recovery
4 2 2 cation

 
2

Ta, affect of location of horizontal. and verticalil 1 m.tt 2, normal loading
ts11 ' 6[u3aces on Baas for recovery, normal loading

Ailerons Against Neutral With ASlarons Against Neutral With

Elevator II N D II H D U H D ffiavatOr II H D II H D II N D

Modification 3 b__ b— No b__ No No b_. 1^ i 4, deg
spin spin spin 2 01 deg

N NHadification 4 b-- 1 1 b-- 12 4 b--
3

1 4 ' 12 D, rPe -- 0 0
V, fps

a e
-° -- e e

Modification 5 b-- 22 2 b-- 22 3 b-- 3 4 Turns i i
for 12 A n 1j 1 .1 1 3 3 3

Modifications 5 and 6 -- 22 2
1

2 22 It -- 22 22 recovery

	Tail 2, alternate flight loading	 Tail 2, flight loading 	 Tail 2, production loading

Ailerons	 Against	 Neutral	 With	 Against	 Neutral	 With	 _ Against	 Neutral	 With

Elevator II D II D A D (d) (d) (d) N D II D (a) 
N D U

N53

D II H D

a, dog	 --	 --	 50	 52 --	 -°	 -°	 -° 49	 °°	 --	 --	 --	 --	 -- --	 4448	 r

Turns >2$ 12 1 >32 3	 22 12	 14	 221 1 >4 
for	 a3	 2 ° 4 3t > 5 62	 >3	 3	 3	 ao 52 a 2 22 	 a2	 4	 4 a 4

 
-)j 5

recovery	 3	 2	 e3	 3 e2	 04

a	 NATIONAL ADVISORY
Recovery attempted by elmaltaneam reversal of rudder and elevator.	 COMMITTEE FCA AERONAUTICS
bHo recovery att®pted, rate of descent too high for taste.
cRecovery attempted by reversing rudder to 30o against the spin.
dOeciliatory spin.
sAecovery attempted by rudder reversal and neutralization of the elevator.
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Modifications
R	 (Dimensions foci
R
R
9

Modification 3
Tai/

Modifications 5^
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Dimensional Data

(Full Scale)

b, ft .	 .	 .	 . .	 .	 .	 .	 .	 .	 35.00
L, ft	 °	 .	 .	 . .	 .	 .	 .	 .	 .	 25.17
1', in .	 .	 .	 . .	 .	 .	 .	 73.2/+
S, sq ft.	 .	 . .	 .	 .	 .	 .	 .	 198./+0
A. .	 .	 .	 .	 .. .	 .	 .	 .	 .	 .	 6.17
L.E. Z aft L . E. Cr, in. .	 7.82
Shp sq ft .	 . .	 .	 .	 .	 .	 .	 35.10
Se, sq ft .	 . .	 .	 .	 .	 .	 .	 16.20
Sy, sq ft .	 . .	 .	 .	 .	 .	 .	 19.10
Sr, sq ft . . .	 .	 .	 .	 .	 .	 9.14
gr, deg .	 .	 . ..	 . .	 30 R, 30 L
be, deg .	 .	 . 31 1/2 U, 18 3/4 D
ba p deg .	 .	 . . .	 26 3/4 U, 21+ D
Sf, deg .	 .	 . . . . Outboard 48 D

Inboard 33,D
TDPF.	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 0
Landing gear. . . . . Retractable

NACA RM No. UE15	
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T2—SCALE MODEL OF THE SEVERSKY AIRCRAFT CORP. NF-1 AIRPLANE

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS mass Data

eleV hinge

196,1491,.
2'	 1.^9/•, t flaphinye

x6 ` 9.67"	 1 aileron
/.Z`. jjj/.45" 	 1	 hinge

7.76°

-7 °-

chord

i-*

/
5./7"

T.L.— -

 incidence	 hinge

Node/ as tested.

Original Normal Re prised Normal Bomber
Loading Loading Loading

W,^lb .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 5220 5220 5992.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 0.280 0.280 0.292I	 .	 .	 .	 .	 s	 .	 .	 .	 .	 .	 .
.IX, slug^ft2

.	 .	 .	 0.150 0.096 0.120.	 .	 .	 .	 .	 .	 . .	 1927 2115 2480y, slug-ft2 ,	 .	 .	 ®	 .	 .	 .
TZ , slug-ft

. .	 3890 4180 3909.	 .	 .	 .	 .	 .	 .
Test altitude, ft . ® . . .

.	 .	 .	 5690

.	 .	 .	 6000
5720
6000

b23/+
6000^L	 (at sea level, 	 .	 .	 .	 .	 .

u 1 (6000 ft)
.	 9.81 9.81 ll.27.	 .	 .	 .	 .	 .	 .	 .

Ix
.	 .	 .	 11.76 11.76 13®0

..	 .......
b2ly -99 x 10-/+ -104 x 10°4 -63 x 10-4

Iy - I

mb2	
.	 .	 .	 .	 .	 .	 .	 .	 . -91 X' 10-4 -78 x 10-4 -102 x 10'-4

Iz - Ix ..........
mb2

190 x 10-4 182 x 10-4 1,65 x 10
-4
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Reswne of Model Test Results

In general for all loading conditions and for all control
settings tested the model spun at flat attitudes and recoveries were
generally unsatisfactory. The model spun at its steepest attitude
and the possibilities of recovery were greatest when the ailerons
were with the spin.

In an attempt to improve the spin and recovery characteristics
of the model, various modifications (1 to 29) to the tail surfaces
were investigated. Modification 24, (raising the horizontal tail
surfaces and installation of two ventral fins) and modification 27,
(raising and moving forward the horizontal tail in addition to
installing a ventral fin) generally were the most effective modi-
fications tested.

Test results made with a corrected normal loading did not
appreciably differ from the original normal loading condition tested.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 	 SCALE MODEL OF THE SEVERSICY NF-1 AIRPLANE

[Unleas otherwise indicated, steady -apin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from ri ght erect spinal

Original
ormal loading Lendln	 ear

down ,gOriginal normal loading Bomber to Effect of modifications on turnsddspi against
s pi na tail door o e

normal loadio
for recove	 oMgialal normal

With
Ailerons Neutral Neutral Neutral Neutral Ailerons Neutral

i 
PA th1

Full2

Elevator U N D U II N D U V D U N D U N D U U
a e Elevator

a, deg 82 80 - - - - _ _ 81 79 _ _ 80 81 - - Modification 1 - 06

yf, deg 0 0 - - - - - - 0 0 _ - 0 _ 1D - -

2 e42
6rps - - - - - - - - - - - - 0.82 - - -

b5

V, fps 98 97 - - - - - 97 95 - - 97 100 - - 3 b5 -

Turne b8 4
b 2

-
for ... Do W eo CD - d3 - - - OD

CD
recovery Cap c

W W
c

Co OD 5 D3 -
Co

6 b16z -

Effect of modifications on turns for recovery.	 Tail wheel down.
Effect of modifications on turns for recovery. Original normal loading.
Tail wheel down, tail doors open. 	 Aileron

Ailerons Neutral Mthneutral spine.	 Original normal loading
4

Elevator O0U 400- U N D U

Elevator 500U U 500n Modification 16 b3I b>4 b2, 
0
4 , b4 - -2 C22 >

Modification 7 - C OD - 17 b5 6 - - -

18 b3 - - - - -

8 - OD - 19 b3 _ b4 - - 2

9 5 c^ a 20 - _ - - >3
Co

zl b
5 - - -

10 X82 - 22 _ b>5

11 '5 - -
23 - - b4 - - -

24 bl" 2

6

25 - - L, 5, b>2Z,	 b3 - - -
12

>6
c
ao

_

13 4
3

c

o' 26 - - c7, >3, b2, b>12 4 b3, 6 -

14 3 >4 - 27 - - 02 2 3 -

28

M 1
- - 7, b3 -

- 6 - 29 - - ^, b7 - b8 -

Landing aStoep spin of high verticalBomber loading' effect of modification 19 Revised
ear down veloci ty.bon turns for recovery, elevators up normal loading
tail door
pen, re-
ised no

Recovery attempted by moving the
ailerons from neutral to full-
with the spin, and then followed

Tail wheel down Landing al los by full rudder reversal.

Ailerons Neutral With Neutral
gear down ORecovery attempted by simultaneous

reversal of rudder and elevator.
dR.ecovery attempted before finalWith

Ailerons Neutral Neutral With
Elevator. U N N D U D steep attitude was attained.

eRecovery attempted by moving the3. a, deg 77 79 - - 78 - ailerons from neutral to full-
with the spin and then followed
by full rudder reversal andJ6, deg 0 0 - - 1D -

Down jDownD n Down Down elevator reversal.
r s - 0.80 - - - -Flaps

t10
Full Full Full NATIONALADVISORY

t.26 V, fps 97 97 - - 100 - COMMITTEE FCA AERdMUT1CS

2
b5 Turns

d42for b>8 6 >5
^

bbl
Co ro dl

co
cc

>2
2

recovery
W T

c
OD
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SPIN DATA OBTAINED WTTR TIM 1-SCALE 710DEL OF THE SEVERSKY NF-1 AMMA`7 g - Concluded
12

[unless otherwise indtcated, steady-spin data are for rudder -with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect apin3l

Effect of modifications on turns for recovery, revised normal loading

Tail wheel down Tail wheel down and tail
doors open

Ailerons Neutral
Ailerons Neutral

Elevator 50ou II
Elevator o50 II II

.4.odifieati on 17 -
f^b (,Y*

Modification 12 >32 -
19

>4 -

21
b 1 14 S4 5

23 - b4I
2

NATMAL ADVISORY
COMMITTEE FOR AVMADTWS

bRecovery attempted by moving the
ailerons from neutral to full-
with the spies, and then followed
by full rudder reversal.

c Recovery at	 before final
steep attitmft attained.

hbdifications lond2

A%b7J Jkid fin A '	 !E ruod¢i hinge
¢ rudder hinge	 Aft;"Jkid fJn A	 i

	

Fin tie 9	 I !

AFcdificofit

'

ns I3 a

an

n

^

d4

X33—J fine ,// . 

3 \

E .	 hsgaPn ^9
k^!^-Fsn nag	i .

A-bo'. %Anti-spn
i

11,

	 h/let A added

v	
Anti-Spin fillet B	 Mod 6-Anti-spin

Fin 9	 tille	 ddedfs A ^ 8 a
Skid f'n B 	 Anti-spin fillet A

Modificataons 7 and 8	 Modiffc Wt . 9bat/O

°ll\	 `FH na 9

Jk'W flH A

.4iedifi catians 5 cW 6
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3

—S

6

Ax.bw

Mcd22-10d 2/
e%3at— cha d

Mad/ficotro 22

Ot4

MOdNcdNOn5 13 and 14

bled /3' —fbu' y
Mod /4, —Aw fM A

fine /alad7

J ^-Fii^ sxi 7

kkl fplA
^Fm sac /

Modif'cafian /6

AW	 /® pay ^v

1.5

~fiicatims /7 ond/g
Abo: 17—Om S, 6
Mad /B--Sk d fin A

AM 6ond6

W, `any

Fin m 6
s Fin 6

JkH f%nA	 ^	 Fpa3
im5

Ffod,f,catim 21

HAfKML ADMORY
camrrm FM Mmwrics
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Modem cations 26 avid 27

~Iw l*@ herizpgta/ too
/ocatim

,%d27-'7 	 m/l	 I	
(amens,

(D%man,NOnJ fN/
sca/e )

m /2

Modification 29

ft^TKWML
CDNNffTU FM AUAWWM
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1
16

CALF MODEL OF THE CONSOLIDATED PlB-2 AND PB-2A AIRPLANES

b,	 sq ft .	 .	 . .	 .	 .	 ,L{4-00
L,	 sq ft .	 .	 . .	 •	 .	 .	 .	 28. 60
F,	 in.	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 106.50
S,	 sq ft .	 .	 . .	 .	 .	 .	 .	 . 297 , 00
A...	 .. ...	 ....6.52
L• E. a aft L.R. or,	 in.	 •	 . 4.86
Sh,	 sq ft	 .	 . .	 .	 .	 .	 .	 .	 40.10
Se, sq ft	 .	 . .	 .	 .	 .	 .	 .	 20.00

Sv, sq ft	 .	 . .	 .	 .	 .	 .	 .	 18.70

Sr, sq ft	 .	 . .	 .	 .	 .	 .	 10.90
br , deg	 •	 •	 . . .	 .	 . 29 R, 29 L

8e , deg	 .	 .	 . .	 .	 .	 • 35 U,	 15 D
Sa,	 deg	 .	 .	 . . . . . 24 U, 10.0

TDPF.	 .	 •	 .	 . .	 .	 .	 .	 .	 .	 . 2 x 10 
6

Landing gear . . . . Conventional

Dimensional Data

(Full Soale)

T'•

•	 ---	 33.00"

2.9°

-/3-95 = ^^'	
L50"

30^
Ref. line—

T.L.	 -

/S^	 rudder

hinge

Mode/ as tested.

Mass Data
NATIONAL ADVISORY

Stripped Loading	 COMMITTEE FOR AERONAUTICS

W, lb. . .. . . . . . . . 547
x^ . . . . . . . . . . . . 0.232
zAo . . . . . . . . . . . . 0.149
IX, slug-ft2 . . . . . • . 3324
Iy, slug--ft2

2 
• . . . . . . 50a4

IZ, slug-ft	 . . . . . . . 7717

Test altitude,-ft .	 . 109000
µ (at sea level) . . . . . 5.24
W( 10,  000 ft) . . . . . . . 7.10
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Resume of Model Test Results

The PB-2 and PB-2A are dimensionally the same airplane. For
the normal loaded PB-2. Iy and IZ were increased 0.15 Iy from

the stripped loaded PB-2; whereas, for the PB-2A, Iy and Iz were

increased 0.30 Iy and the center of gravity was moved forward 0.03c
from the stripped loaded PB-2.

For the PB-2 model in the normal loading, clean condition the
recovery characteristics were generally unsatisfactory. Setting
the ailerons against the rotation flattened the spin whereas setting
the ailerons with the rotation produced extremely oscillatory spins.
For the model in the stripped loading and clean condition the
recovery characteristics of the model were generally satisfactory,;
recoveries from elevator-up spins ailerons-against or ailerons-with
the rotation were rapid by simultaneous reversal of rudder and
elevator (data not presented).

The extension of mass along the wings (LIX and LIZ = 0.15 IX

and. 0.30 IX) from the normal-loading condition had a pronounced
effect upon the recovery characteristics of the model. Recoveries
became satisfactory when the elevator was lo o up. For the larger
mass extension, recoveries were satisfactory except when the elevator
was full down. Moderate movements of the center of gravity from
its normal position or extending the landing gear had little effect
upon the recovery characteristics of the model.

For the normal loading when the model was spun with the tail
wheel installed, the recovery characteristics were satisfactory
except for the elevator full-down position.

Preliminary tests with a small explorer fin located in different
positions around the vertical tail and fuselage as shown on the
accompanying sketch indicated that fin area located beneath the
fuselage was most effective. The addition of a long ventral fin
located in this region (modification 1)'likewise had a favorable
effect upon the spin and recovery characteristics of the PB-2 model.

With the horizontal tail surfaces moved forward and up and
extending the original rudder to the bottom of the fuselage (modi-
fication 2), the recovery characteristics of the model were improved
but still were unsatisfactory when the ailerons were neutral or
when the elevator was full down.

For the normal loading and the clean condition, the PB-2A model
would not recover from established spins by either rapid full. rudder

NATIONAL ADVISORY
COMMITTEE FAR AERONAUTICS



NACA RM No. L7E 15
	

156

reversal or simultaneous reversal of the rudder and elevator. When
the ailerons were set full with the spins, the model was too
oscillatory to test.

Modification 1 had little effect on the PB-2A model.

Modification 2 had a very favorable effect on the recovery
characteristics of the model, although the recoveries were still
generally unsatisfactory from the aileron-neutral and aileron-against
spins. When the ailerons were set full with the spin, the test
results indicate that recoveries would probably have been satisfactcry.

Modification 3 was quite effective (data not presented) provided
a fillet was attached to the outer side of the fuselage only (left
side of fuselage for a right spin). With both antispin fillets
installed there was only a slight beneficial effect of the fillets
on the recovery characteristics of the model.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

4
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SPIN DATA OBTAINED WITH THE 6 SCALE MODEL CF THE CONSOLIDATED PS-2 AND PB-2A AIRPLANES

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

PB..2, PB-2, PB-2, effect of cc^^asg vartations
Wonand e.g. movemen% 	 the nor-stripped PB-2, normal loading rudder-neutral

spina, normal for rea,veg oonditloa) on turnsloading
loading

Elevator COB N D
Against _,

Pull 200 12°oU 8ou 4°II
Ailerons Neutral Neutral With Neutral

AIx and AIZ
bl; ty4' S

100D 8, 60D 30D = 0.151x 2 6

Elevator 100 N D 10°u 10ou N 10°U 10°II N 10°U 10°U N D IF N D 10OU N D
AI	 and AI = 0.30IX	 Z	 X

1 1
4

2 171
c	 moved

g
9 8

a a a

a, deg - - - - 56 - 58 58 - 53 47 48 49 - - - 50 47 48 forward 0.03c b61

0, deg - - - - SU - 5U 3U - IU lU 2U 3II - - - lU 3U 3U e.g. moved
back 0.05c

5
b5 6 5 1̂1'!y

, rpaS1, - - - 0.46 - 0.48 0.48 - 0.46 0.46 0.48 0.50 - - o.4? . 48 o.49
c. g. raised 0.05c, 7

V. fps - - - - 131 - 126 127 134 139 133 129 - - - 133 133 129 c.g. moved forward b 9 9-. 0.080' 6

Turns 1 2 2 b2 - b6 7 boo boo co b co 92 64 72 - - - _ _ waight0. 510ased 5 7 7
for 3 b41 e.g. moved back 8recovery=y 2 0.1Oc

e.g. lowered 0.04c b3 10

PB-2, landing PB-2, PB-2,
gear extends tail wheel modification 1, P13-2, modification 2,

normal installed, normal loading normal loadingg
1ca,11 inx normal loading

Against Vnth

Ailerons Neutral Neutral Against
Neutral Neutral

6oD 20°II,b0° D 6°D, 80U 80II,	 6°D 20°U,	 10°D

Elevator 10ou N D IO'U N D 10, 11 D 10 013 -N .D N D lOp N D 10°II N D 10°II N A 10°II N D. (c) (o) (d) (e) (c)

d, deg 34 - - 30 - - 36 - 34 - -

k7u

- - 49 - - 48 46 48 33 - 36 - -

0, deg 2U - - lII - 3U - 6D - - - - 7II - - 3II 30 4U 2D - 5D

a rpa 0.50 - - -59 0.48 0. 3

,

0 8 0. 0.

v, fps 16 - -1 0 - - 16 - 16 -  - 0 1 131 131 16 158

Turns 64
4

_ 4' 1 2 511T - - f12 42 - 1
44

2 b2 2 4 b3 3 4 - 2 3 T1} - 2 ri 34for
recovery 00 9 6 1z 5 b4 3 1 42

b5 b11

- PB-2A, rudder

PB-2A,.normal loading againat spins, PB-2A, modificeti on 1,
normal loadi n8normal loading

Against

Ailerons Neutral With Neutral ainst Neutral°200U,
	 10°D 80D,	 60U

8°II, 60D.

Elevator 15°u N D 2704 15ou N D 15°II 10°II N D U
a

N
e

D 15°u	 N 15°D U D IOOU N D

a, deg 61 - 56 59 - - - 52 - 52 - - - 46 - 49 - 45

0, dog 6II 3II 2U - 2II 2U - 1II II lU

n, rpa 0.46 - - 0.41 0.47 - - - 0.45 - 0.46 - - - o.44 - 0.47 - - 5 -

V, fps 131 - - 138 129 - - - 134 - 13 1 - 144 -- 136 -

fors bw
co

boo	 b co ao B
b. - - - - -

b
o0 Co 00 w m 03 co

recovery co

aModel too oscillatory to test 	 NATIONAL ADVISORY

bRecovery attempted by simultaneous reversal of rudder and 	 COMMITTEE FOR AERONAUTICS
movement of elevator from initial position to full down.

°Steep wandering spin.
,Unsteady.
eOscillstory

.
	 spin.

(recovery attempted by simultaneous reversal of rudder with
movement of elevator from neutral to 150D.

gRecovery attempted after addition of modification 3.
Nodel descended with great speed as model gradually became steeper.



Borer fin
1. ft., full scale)

Relative effectiveness of vertical tai/ area
locations determined by explorer fin.

Modification 3
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SPIN DASA OBTAINRD KITH WE ,r-WALE MODEL OF THE CONSOLIDATED PB-2 AND PB-2A AIRPLANES - Concluded

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

F PB-2A,modification 2,
normal loading

PB-2A, mods fl cation
AIY and AI Z = 0.12Iy

Ailerons

Against

Neutral

with

ainst Neutral with
200U, loop 80N,	 6 0D 800,	 6 OD 0% 100 D

SoU	 .60D

Elevator N D N D 100U N D (
N

D1 ai) ( D ^al
1500 N 00D 150U N COO U	 N D

a, deg 41 53 - 35 1 48 48 - - - - - - - - - - -	 - -

0, deg 5II 4II lU 2u 2U

Q, rps o.47 - 0.46 - 0.47 0.46 0 .47 - - - - - - - - - -	 - -

V, fps 138 131 163 1 135 - - - - - - - - - -	 - -

fore
recovery

2 4 44
b34 1

3 2

52 - _ - b4 _
5 b22 - 32 -	 - -

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

a 7odel too oscillatory to test.
bRecovery .attempted by simultaneous reversal of rudder and movement of elevator
from initial position to full down.

'Velocity too high to test.

A9odificwtion /

It rudder lbnge

A90dif'iration 2

(Oimewlaw fiN/ scam)	 ` ins/ toll
Q e@ca^tor hint's

Elevator hlAwe 110

Madification 4
Alternate tnv/
(areas AW
Sw 34.5 of ft.
Se 15.6 aq, ft
Sv 20.4 sq. tt.
Sr /Z.0 sq. ft.
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lb SCALE MODEL OF THE BOEING P^-26^ AMP E

Dimensional Data

(Full Scale)

b, ft . . . . . . . . . . . 28.00
L, ft . . . . . . . . . . . 23.83
c, in. . . . . . . . . . . 72.00
S, sq ft . . . . . . . . 149 .50
A ............. 5.25
L. E. Taft L.E. cr , in . . . . 0
Sh, sq ft . . . . . . . . . 24.70
Se , sq ft . . . . . . . . . 12*40
Sv, sq ft . . . . .	 . . . 12.50
Sr , sq ft . .	 .	 .	 . . 6.90
ar , deg . .	 30 R, 30 L

a e , deg . .	 .	 . 30 v, 30 D

TD-PF . . . . . .	 . 356 x to-6

Landing gear . . .	 . . . Fixed

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS Mass Data

0_ elem
hinge

450"

2.29"

2.06':4	 I-- f

20.25"

4°

3.75"

/z//"—
'	

s3/•
/2.31.	1-38'^s

3.57"
T.L.	 -

358 it rudder
-+ 	 /°incidence	

hinge
.

Mode/ as tested.

/L 54"	 3.73

¢` ai/eron burl's I	 38"

Normal Loading

W, 1b . . . . .	 . . . . 3o67
x/pi . . . . . . . . . . . . 0.251
ZI-T . . . . . . . . . . . . 0.080
Ix, slug-ft2 . . . . . . . 1030

IT., slug-ft2 . . . . . . . 2036

I Z , slug-f t2 . . . . . . . 2651

Test altitude, ft . . . . . 6000
g (at sea leve l) .	 .	 9.140
4 9 ( 6000 ft) . . . . . .	 11.27
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Resume of model Test Results

For the normal loading, clean condition, and normal control
configuration for spinning, the model spun in an oscillatory manner
and recoveries were obtained in 1 turn by simultaneous full reversal
of rudder and elevator. With the elevator set full down, recovery

by rapid full rudder reversal varied from 1 to 2 3 turns, depending

upon the phase of oscillation at which the rudder was reversed.

With the engine cowling removed, the model would not spin with
the elevator full up. With the elevator down, the spin was steady
and recovery by rapid full rudder reversal required 4 turns.

Small changes in mass distribution along the wings (AL. and

BIZ = x'0.09 Ix), a moderate increase in mass distribution along the

fuselage (AIy and AIZ = 0.18 Iy), and moderate movements of the

center-of-gravity position (tO.036) indicated little effect on the
recovery characteristics of the model.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE	 SCALE MODEL OF THE BOEING P-26A AIRPLANE

unless otherwise indicated, steady-spin data are for rudder -with aileron neutral spins of the model in the
clean condition and recoveries were attempted by rapid full rudder reversal from right erect spinal

Normal
loading

Cowling
removed,
normal
loading

AW = 0.07W
AIX and AIZ =

O.10IX
AIy and AIZ =

Effect of mass variations, change
of weight,	 and e.g. movements on

turns for recovery.

0.171y Elevator U N D

e.g. moved
AIX and AIZ = 0.091X

1
b14 ---- ----

Elevator
U

( a)
N D

( a)
U N D U N D

AIX and AIZ = -0.091X bil ---- -

a, deg
27

36 31 34 N
C

e

P
1

n

--- 47 3 .9 --- 47
AW = 0.03W

AIy and AIZ = 0.091y
blI

40, deg 8D 2D 0 --- 3U 0 --- lU

rps
0.48

0.65 0.67 --- 0.57 0.43 53.
AW = 0.07W

AIy and AIZ = 0.181y
b 

V, fos
167

149
160 140 --- 128 153 --- 134

e.g. moved forward O.0jc
bl
2bl

---- ----

Turns

recovery

b 
1 ----

1

4
2for--- T4b 1
1

e.g. moved back 0.0370 bl ---- ----

NATIONAL ADVISORY
a0scillstory spin.	 CONNITTEE FOR AERWAUTICS

bRecovery attempted by simultaneous reversal of rudder and elevator.



f/ap hinge

i.94"

ai/eron
hinge

(Full. Scale)

b,	 ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 36.00
L,	 ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 25.33
c,	 in.	 .	 .	 .	 . .	 .	 .	 .	 .	 73.21+
S, sq ft	 .	 .	 . .	 .	 .	 .	 220.00
A	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 5.90
L.E. c aft L.E. cr, in.	 .	 7.82
Sh, sq ft .	 .	 . .	 .	 .	 .	 .	 35.10
Se,	 sq ft .	 .	 . .	 .	 .	 .	 .	 16.20
sv .q	 sq ft .	 .	 . .	 .	 .	 .	 .	 19.10
Sr, sq ft .	 .	 . .	 .	 .	 .	 .	 9.14
8r3	 deg .	 .	 .	 . . .	 30 R, 30 L
Se ,	 deg .	 .	 .	 . .	 .	 30 U, 20 D
8a,	 deg .	 .	 .	 . .	 .	 27 U, 23 D
S f ,	 deg .	 .	 .	 . .	 .	 .	 .	 .	 50 D
TDPF.	 .	 .	 .	 . .	 .	 .	 .	 .	 0
Landing gear	 . .	 Conventional

24.00"

	

4
	 34-4

f--10.44	 1.51"

\/,? Cce5°1	 ¢ rudder

	

nciden	 hinge
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1 
ffi

8 
SCALE MODIM OF TEE SL+ MSKY P-35 AIRPLM

Dimensional Data

Model as tested.

Mass Data
NATIONAL ADVISORY

Normal. Loading	 COMMITTEE FOR AERONAUTICS

W, lb . . . . .	 . . . . 5563
X/c . . . . . . . . . . . 00258
z/c . . . . . • . . . . . . 0.111
IX, slug-ft2 . . .	 . 2871

Iy°, slug—ft2 . . .	 . 1 206
IZ, sluff ft2 . . . . . . 6375
Test altitude, ft . . . . 8000
µ (at sea level) . . . . 9.17
µ t (8000 ft) . . . . . . 11.69

IX 
_ IY	

-60 x 10`°x'
mb

. • • O O B
2

Iy - IZ . . . . . . -97 x 10^
mb2

IZ_IX
. . . . . 157 x 10-4

mb2
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Resume of Model Test Results
(No test data available for this model)

For the normal loading,clean condition, and the normal control
configuration for spinning, the model spun at an angle of attack of
about 800 and had a relatively low rate of descent, approximately 100
feet per second full-scale. There was very little effect of elevator
setting and the same flat spins ensued when the rudder was set neutral
or full against the spin. There was no indication of recovery when
the rudder was completely reversed for any elevator setting, or when
both controls were reversed simultaneously. Although setting the
ailerons against the spin had practically no effect on the steady spin
or recovery, setting the ailerons with the spin steepened the spin
slightly.

Extending the mass along the fuselage, extending or retracting
the mass along the wings, moderate movements of the center of gravity
foreward or aft of its original location, or extending the landing
gear'had no appreciable effect on the steady spin and recovery
characteristics of the model.

In order to improve the recovery characteristics of t^i.e model the
horizontal tail surfaces were raised vertically 2 feet - 74 inches

2
full-scale as shown on the accompanying sketch. The steady spin was
considerably steeper but recoveries although improved were still

unsatisfactory -(31̂ turns),	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Modification /
(Dimensions fu// scale)

/.5°
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20 --SCALE MODEL OF THE CURTISS P--36A AIRPLANE

Dimensional Data	 7	 ¢ cJpv hi^yp

( Full Scale)

b, ft . . . . . . . . . . . 37.28
L, ft . . . . . . . . . . . 28.85
c, in. . . . . . . . . . . 81.60
S, sq ft . . . . . . . . 236.00
A . . ® . . . . . . . . . . 5.90
L.E. c aft L.E. or, in. . . 2.20
Sb, sq ft . . . . . . . . . 48.00
Se, sq ft (includ. bal.). . 19.20
Sv, sq ft . . . . . . . . . 20.74
Sr, sq ft (includ. bal.) . . 13.71
Sr, deg . . . . . . . 30 R , 30 L

b e , deg . . . . . . . 30 U, 20 D

ba , deg . . . . . . . 25 U, 12 D

6f, deg . . . . . . . . . . 45 D

TDPF . . . . . . . . 473 x 10°6
Landing gear . . . Conventional

.er-, GOS	 ,-^f^a^ hihypl

^ 71i/Prosy	{ 2.52°	 1 1.3* #hinge	 l li I

2237"^

0AI
7

/oar
448"

.!7"
Fua. ref. 	 340"
line	 _	 — _ A	 A

/'incidence	 hinge
/6.OB"

Mode/ as tested.

Mass Data
NATIONAL ADVISORY

Normal Loading	 COMMITTEE FOR AERONAUTICS

W,	 lb	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 5531
x/c .	 .	 .	 ...	 .	 .	 .	 . .	 .	 . 0.267
Or .	 .	 .	 ..	 .	 .	 .. .	 .	 .	 0.0142
I&	 slug®ft2
	

.	 .	 .	 . .	 .	 .	 2020

Iy,	 slug®ft2 	.	 .	 . .	 .	 .	 4 470
IZ ,	 slugmft2 	.	 .	 .	 . .	 .	 .	 6030

Test altitude, ft .	 . .	 .	 12,000
µ (at sea level)	 .	 . .	 .	 .	 8.24

(12,000 ft)	 .	 .	 . .	 11.85

IX - Iy . . . . . . . ®102 x 10-4
-mb2

Iy _ IZ .
	 .	 .	 . 465 x lo-4

mb2
IZ _ 

IX . . . . . . . 167 x 10°4

mb2
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Resumd of Model Test Results

Satisfactory recoveries were obtained for the model in the normal
loading 9 clean condition ., and normal control configuration for spinnix
from both spins obtainable.

Aileron-against settings were generally adverse ' whereas aileron,
with settings were favorable.

Extending the mass along the wing (61 ., and AT, = 0.30 I,,) or

along the fuselage 
(lay

 and &IZ = 0.30 Ty) had no appreciable

effect on the recovery characteristics of the model.

Deflecting the flaps 450 down or extending the landing gear had i
detrimental.effect on the recovery characteristics of the model.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 
2a -SCALE UODEL OF THE CURTISS P-36A AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Effect of mass variations
Normal loading and e.g. movements on

turns for recovery from
aileron-neutral spins

Against
—

With
Ailerons Neutral Elevator 10°U DFull 120U,	 5°D ° D120 U,	 5 Full

Elevator U 100 C D U 10°U D U U 10011 N D U 100U I D U 100U D AI	 and	 AI r 1(ab) (b) (ac) (d) (d) X	 Z
= 0-151x

2 22

za, deg -- 53 46 -- 50 4e 30 45 44 45 44 -- --- 24. --- --- -'-

(d, deg -- 6U ISO -- 3u 4u 9D --- 2U 10 lU -- --- 0 ---
—n
--- ---

AI	 and	 AIZ
X = 0.301X

P2 124

n, rps -- 0.0 0-56 -- 0.50 0.55 .46 --- 0.50 0.52 0. 54 -- --° 0.87 --- --- --- AIY 	 and	 41Z
= I.151

r 1
2^ 122

V, fps -- 161 163 -- 154 160 244! 185 162 156 157 -- >260 232 >260 >260 >260

1.

42 f41rV

1
e 1 ^ 2

^

AIy	 and	 AIZ
O.jO Iy _

$2
1

22

Turns
for el r321 1 e12 4 12 2 f2 2 92 -- °-- 1 -°- ___

-_

e.g. moved ror- f 1
recovery 52

f 1
32 e2 ward	 0.055 24 3

92
B
3 e.g. moved back f 1

g3 0.05c 1 22

Flaps down Landing gear
200 , normal Flaps down 450 , normal loading Landing gear extended, normal loading extended, flaps

loading down 450,
normal loading

Against With Against With

Ailerons Neutral 120U Neutral	 12°U 120U Neutral 120U Neutral1 5^OD ^ODFull Full 5j0D 5teD Pull

U 100 1 N D 0° 00U U 10° N D	 100U 10OU U D U D U 100U N D U D U D U 10°U N DElevator
( h ) (a) (a) (g)

a, deg -- -- -- -- -- -- 5 0 151 1 5 0 46 -- -- -- - -- - 3: 43 44 45 --- -- --- --- -- -- -- --
^. deg -° _- -- -_ __ __ 1D 11) 0 0 LOD lU 211 3U ___ -_ ___ --- i __ -- --

12, rps -- -- -- -- -° 0.420.490.50 -53 -- -- -- - -- - • 52 - 51 -55 0.55 --- --

v, fps -- -- -- -- -- 149 147 144 140 -- -- -- - -- - 253 167 156 150 >26o -- >26o >26o

Ff4^

e e$4 24

Turns 1 1

2

2
12

l
22

r
3

2 212 23-
4 1

22
f 21 f2 e

7 5

e3

a 1
42 4

[I 1 2
3

1}
2 
2

2
recover y

--- 1 -- -_ 2 3^
el f2 e2 3r+ 34 e10 e 6 1. 2

21 31 ell r24
1
F z^

2
e2 1

f34g

aWandering and oscillatory spin.	 NATIONAL ADVISORY	 fRecovery attempted by simultaneous rudder reversal and
bTwo types of spin. 	 CONNITTEE FOR AEUDNAUTICS 	 movement of the elevator from 10 0 up to 200 down,

OHigh rate of descent.	 gRecovery attempted by moving the rudder from 370 with to

dHigh angular velocity.	
200 against the spin.

eRecovery attempted by simultaneous full reversal 	 hWandering spin.

of rudder and elevator.
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6

0
a

-SCALE MODEL OF THE CURTISS YP 37 AIRPLME

Dimensi anal Data	 P e% hinge

(Full Scale)
	 /7'

b,	 ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 . 37.28
L,	 ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 . 33-18
e,	 in.	 .	 .	 .	 .	 .	 . .	 .	 .	 81.60
S,	 sq ft	 .	 .	 .	 . .	 .	 .	 236.00
A............. 5.90
L. Z. c aft L. E. erg in.	 .	 .	 2.20
Sh ,	 sq ft .	 .	 .	 .	 . .	 .	 .	 . 43.20
Se,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 19.00
SV,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 20.90
Sr ,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 13.70
br ,	 deg	 .	 .	 .	 .	 .	 . .	 3a R , 30 L

b e ,	 deg	 .	 .	 .	 .	 .	 . .	 30 U, 20 D
M a,	 deg	 .	 .	 .	 .	 .	 . .	 25 U,	 12 D

S f,	 deg	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 45 D

TDPF	 .	 .	 .	 .	 .	 .	 . .	 562 x 10-6
Landing gear	 . . . . Retractable

aileron how	 st flap hinge

i6« 	.0
_--6.10

2.70	 j	 5.40"

22.38"

X60

33/°

//.69`
334

TL— 	 A

	

20	 .97' -t- rudder

	

l0ilxidence	
hinge

Mode/ as tested.

Mass Data

NATIONAL ADVISORY

Normal Loading	 COMMITTEE FOR AERONAUTICS

W; lb	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 6700

x/c° .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . . 0.287
z/F' .	 .	 .	 .	 .	 .	 .	 .	 . . 0.076
Ix, slug-ft2	.	 .	 .	 . 2062
Iy, slug"-ft2 	.	 .	 .	 .	 .	 . .	 ?387
IZ , slug-ft2	.	 .	 .	 .	 .	 . .	 8842
Test altitude,	 ft .	 .	 .	 . 12,000
µ (at sea level)	 .	 .	 .	 . .	 9.97
W (12,000 ft)	 .	 .	 .	 .	 . .	 14.41

Ix I 
..	 -184 x 10-4..

mb2
Iy	

IZ . . . . . . . -50 x 10-4"
mb2

IZ-°--2IX	234 x 10"4
mb
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Resin of Model Teat Results

In the clean condition, normal loading, normal control
configuration for spinning, recoveries attempted by either rapid
full rudder reversal or by simultaneous reversal of rudder and
elevator were satisfactory (1/2 turn). Setting the ailerons against
the spin did not appreciably affect the recovery characteristics
of the model; however, setting the ailerons with the spin had a
beneficial effect in that the model would not spin with the elevator
either up or neutral.

Moderate extension of mass along the wings (QTx and AIZ = 0.30
or fuselage Wy and AIz = 0.30 Iy), or movements of the center
of gravity forward or back 0.056 from its normal position did not
appreciably alter the recovery characteristics of the model.

Deflecting the flaps 45 0 or extending the landing gear had no
appreciable effect on the recovery characteristics of the model.

The addition of a ventral fin (modification 1) led to satis-
factory recoveries by rapid full rudder reversal for all control
settings. Increasing the vertical fin area (modification 2) did
not improve the recovery characteristics of the model. Tests
conducted with modifications 1 and 2 together also led to satis-
factory recoveries, although the most satisfactory recoveries were
obtained with modification 1 alone. 	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 20 -SCALE MODEL OF THE CURTISS YP-37 AIRPLANE

[Unless otherwise indicated, steady -spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

ormal loading, rudder- Effect of mass variations and e.g.
Normal loadingg neutral spins movements on turns for recovery for

aileron-neutral spins

Ailerons Against Neutral With Against Neutral With Elevator N D

Elevator U N D U N D U N D U N D U N D U N D AIX	 and	 AIZ = 0-151X
a12 2

a b (b )(c) a b d b) (b) (d (b)

a, deg	 , 39 41 43 -- 39 .38 N N  N 40 42 N -- 37 N N N AIX	 and	 AIZ = 0.30 IX >12 22
0X, d eg 3U 5U -- 1D lU o

s

P

o

s

P

--

--

o

 s

P

5U 4U c

a
P

-- 0 o

^-
P

o

s

P

o

a

P

a2

II r s D-33 o-43 3 -47 -- Oa49 -5 0 0 0. 44 --0.54 AIy	 and	 &IZ = 0.151Y 8A a2
{,	 fps 194 179 173 -- 199 19C 186 173 -- 205

AI	 and	 AIY	 Z= 0.30IY gll2 gl2 1
3

__ f 1
32 91Turns i 1 1 1 1 e

32.	
.g. moved forward	 0.0501 1

for 1 g32

J' 2

2 n n
h2recovery n n n n n

c.g.	 back	 0 . 05cmoved 912 g g3
1

Landing

Flaps down. 200 , 0 Flaps down 45
Landing gear gear ex- Uodifica Modifica-

, extended, tendedr Modification 1, tion 2, tions 1
normal loading normal loading normal flaps µ5 normal loading normal and 2,

loadingg
own, loading normalnormal
loading loading

Ailerons Against Neutral Against Neutral Neutral Neutral Against Neutral Against Against
U N D U 1 N D U N D U N D U N  N D U- N D U N D U N D U N DElevator () (b) (b) b b b b) b c a b a) a (a a a a (a a

a, deg N

o

s

1

45 42 - N

0

a

- 44 46 4 45 44 42 - 40  47

de 3U U - - lU

-

X, 1D 0 4D 2D 0 - lU

440-

2D -

rl	 rps 0 0.46 - - .3 0. 0. .33 -4 .46 - 0.46 0. -

v, fps 171 167 - 173 169 15 183 167 167 - 186  165 - -- -^ -- - -- -- -- -- -- -- -- --

Turns
21 3 - 1 33

o)
1 2 22 2 52 -	 2Z1 2 hl h4 2 2 hl4

for n
6^

n el

L11

recovery 9 '4
o,

aWandering spin.	
COMATTEEAL ADVISORY

bWandering and oscillatory spin.

Nanders too greatly to test.

dVertical velocity too great to test.

eRecovery attempted by simultaneous reversal of rudder and elevator.

(Recovery attempted by movement of the rudder from neutral to full against the spin.

goscillatory spin.

hVisual observation.

dif eaflays I and2

,3/eOJ /L// JLO/e
6.92 ,r¢ ft

~2 - 796 .a7 ft

rudder

Affige



0
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SCALE MODEL OF TIC LOCKHEED XP-38 AIRPLANE

Dimensional Data

(Full Scale)

b,	 ft	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 52.00
L,	 ft	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 36.67
U",	 i n.	 .	 .	 ...	 . .	 .	 .	 .	 .	 84.25
S,	 sq ft	 .	 .	 .	 . .	 .	 .	 .	 328.00
A.	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 8.30
Sh,	 sq ft .	 .	 .	 .	 . .	 .	 .	 .	 67.20
Se,	 sq ft .	 .	 .	 . .	 .	 .	 .	 .	 27.00
Sv,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 10.50
Sr,	 sq ft .	 .	 .	 .	 . .	 .	 .	 .	 19.98
Sr ,	 deg	 .	 .	 .	 .	 .	 . .	 30 R, 30 L
b e ,	 deg .	 .	 .	 .	 .	 . .	 35 U, 25 D
ba,	 deg	 .	 .	 .	 .	 .	 . .	 25 U, 25 D
S f ,	 deg	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 35 D
TDPF	 .	 .	 .	 .	 .	 .	 . .	 510 x 10-6
Landing gear	 . . . .	 .	 Tricycle

Model as tested.

Blass Data	
NATIONAL ADVISORY

Normal Loading	 COMMITTEE FAR AERONAUTICS

W, lb . . . . . . . . . .	 11,260
x............0.254
zAc . . . . . . . . . . . . 0.104
I X, slug-ft2 . . . .	 . 20,155
Iy, slug-ft2 . . .	 . 13,850
I Z, slug-ft2 . . . . . . 33,180
Test altitude, ft . . . . . 8,000
µ (at sea level) . . . . . 8.66
W ( 8000 ft) . 0 . 4 . . . 11.03
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Resume of Model Test Results

For the normal loading and clean condition (data not presented),
the model spun with a high rate of descent (>250 feet per second).
In order to obtain a spin for this control configuration, a pro—spin
fin was attached to the inner-wring tip (right wing tip in a right
spin) of the model (see sketch below) which caused the spin to
become flatter and the rate of rotation to decrease. With the pro—
spin fin in place, recoveries of the model by rapid full reversal

of rudders from the aileron—neutral spins were marginal (2 to 21 turns)
2

which indicated that recoveries from spins without the pro--spin fin
attached would probably be satisfactory.

Aoderate changes in the distribution of mass along the wings
for fuselage or moderate movements of the center of gravity from its
normal position had no appreciable effect upon the satisfactory
recovery characteristics of the model.

Fully extending the Fowler flaps had little effect on the
recovery characteristics of the model. 	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Pro-spin fin installed on wing tip of
of XP 38 rnodel (Dimensions model scale)

3'
---iso_
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SPIN DATA OBTAINED WITH THE 
I

SCALE MODEL OF THE LOCKHEED XP-38 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins.]

Normal loading, Normal loadinf Effect of mass distribution and nIy and AIZ = 0.3OIy

pro-spin fin e.g. movement on turns for AIX and AIZ = a0.20IX

flaps down, attached. recovery with pro-spin fin attached with pro -spin fin
attached.

Ailerons Neutral
Ailerons Neutral With Neutral Al lerons Neutral

Elevator U N	 D

Elevator U N D U N U N D AIX and AIZ = 0.20IX b -	 21 Elevator II N D
(a 1

a, deg - - - --- --- 54 46 50 AI	 and AI 	 = -o.zolX bit _	 z Q , deg 58 57 53_

0. deg - - - --- --- 1D 0 0
Aly and AI	 = 0.151y

Z
bit _	 2

deg 1D 1D 0

n, rps - - - --- --- -39 0.50 0.5 nIy and AIZ = 0.30Iy b13 - .2L'
11, rpa 0.36 0.43 o•43

V, fps - - --- --- 177 173 167 .e.g. moved forward 0.05 b11 -	 2 v, fps 173 167 16

1 a 1 d1r 102z

rnTu	 s
for - - - 1 2 1 e.g. moved back 0.05c blt _	 2

Turns bll
2

recovery bl bl 13 4 recovery 2 2

2 b2

NATIONAL ADVISORY

eVertical velocity too high to test. 	
COMMITTEE FOR AERONAUTICS

bRecovery attempted by simultaneous reversal of rudders and elevator.

cModel goes into steep spiral upon recovery.

dVisual observation.
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1
20°SCALE MODEL OF THE BELL %P-39 AIRPLANE

b, ft .	 .	 « .	 . .	 .	 «	 . « .	 34 *00
L, ft O .	 « .	 . .	 @	 .	 . . .	 30.00
Or, in	 . . .	 . .	 .	 .	 . . .	 99.00
S, sq ft	 . .	 . .	 .	 .	 . . . 213900
A .	 .	 «	 . .	 . .	 .	 .	 . .	 .	 6#42
SL , sq ft . .	 . .	 .	 .	 . .	 .	 30.48

Se, sq ft . s	 . .	 . .	 .	 12.04
Sv, sq ft . .	 . .	 .	 .	 . .	 .	 14.35
Sr, sq ft . .	 . .	 . .	 .	 8.03
Sr, deg . . 34 R, 30 L

6e , deg .	 . .	 . 35 U, 15 D
6 &* deg « . 25 U, 10 D
g a , deg (landing condo) 20 D

aileron deflections
measured from drooped
position

6f, deg «. «.. «.	 45D
TDPF	 ® . •	 • •	 « 220 x 10"6
Landing gear . .	 .	 . . Tricycle

	

50"	 i°	 f 301"

	

TL.--	 — —	
-

2° incidence	
thuddeer

n9
/8.00"

Mode/ as tes ted.

Dimensional Data

(Full scale)

Mass Data
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Resume of Model Test Results

For the clean condition, normal loading, normal control
configuration for spinning, the model spun at a moderate angle
of attack (m = 490) and recoveries were satisfactory by rapid
full rudder reversal or by simultaneous rapid full reversal
of both rudder and elevator. With the elevator set full down
(ailerons neutral), recoveries were unsatisfactory. Ailerons
deflected with the rotation steepened the spin.

Extending or retracting the mass along the wings or fuselage
(A IX and ASZ = -0.20 IX, or L,Iy and AIZ = —0.20 Iy) , or
moving the center of gravity back 0.07c r from its normal position
had no appreciable effect upon the recovery characteristics of the
model. A forward movement of the center of gravity 0.06cr from
its normal position had a slight detrimental effect upon recoveries
from the aileron.-neutral and aileron--against spins.

Deflecting the flaps 450 and drooping the ailerons 200 caused
unsatisfactory recoveries to be obtained from the aileron neutral
and against spins, whereas for the ailerons set with the rotation,
no spin conditions were obtained.

Increasing the wing dihedral from 00 to 30 produced a slight
beneficial effect on recoveries.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



NACA RM No. L7E15
	

175

SPIN DATA OBTAINED WSTr? THE 20 SCALE MODEL OP THE BELL XP-39 AIRPLARE

[IInless otherwise indicated steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full-rudder reversal from right erect spina]

Normal loading Rudder-neutral spins,	 Effect of mass changes and e.g.
normal loading	 movements on turns for recovery

Ailerons Against Neutral With Against Neutral With Ailerons Neutral

Elevator II N D U N D II
(a)

N
(b)

D
(b)

U N D U N D U
(a)

N D Elevator N D

a, deg 49 47 47 49 41 4o --- -- ---

0

a

P
1

0

a

p
1

42

0

a
p
I

0

a
p
1

0

a

P
1

--

0

a
p
1

AI

c	 A1X

11P
I

 and AIZ = 0.20 1X 1 1 2

g, deg lII 3II 3U 3D 0 lII --- -------- 4II ---
and AIZ =-0.20 2X ; l

4
1

4, me 0.3? .48 .52 0.37 0.4 0.51 --- -- 0.5

V, fps 172 171 167 171 181 177 --- -- --- 171 ___
and AIZ = 0.201 T lZ 2

1 1 1 1 'G 2 21

4
2 all

n n 021 n n n n n	
A1Y and ALL = +-0.201p 2 24

for
recovery

c2
d d 2 d

m
d

_
---- ----

ry

i

d3 1 >6
> d l >8 c.g. moved back 0.0-re 12 1

I 	 A .

4-
0.9. moved forward 0.06cr

e.g. moved forward 0.06cr,
rudder-neutral spins

Cockpit open,normal loading

Ailerons Against Neutral With Against I Neutral With Against Neutral With

II N D U N D U N D U N D U N D U N D U N D U N D U N D
Elevator (a) (b) (b) (a) (a) (b) (b)

a	 deg 49 48 51 0 43 43 --- --- ---
N
0

a
P
1
n

N
0

0
P
1
n ®

50
N
0

s
P
i
n

N
0

s
P
i
n

N
0

a
P
1
n

---

N
0

a
P
i
n

N
0

0
P
i
n

48 48 47 49 44 41 --- --- ----
jd, deg lU 3II 3II 2D 0 2II -=- --- --- 3II --- 3II 3II 3II 3D 0 3D --- - ---

R, rps 0.43 0.49 0.51 0.42 0.52 0.55 --- --- --- 0.44
161

---
-_-

0.36 0.46 0.49 0.32 o.48 0.53 --- -- ----
V, fps 169 165 161 173 1 73 172 --- --- --- 17 171 1 9 1 5 17 182 --- --- ---

urns
for

2

1 3
1

2 21 3
4.
1 ___ __. ---

a
---

1 2-1 11 2 2t
recovery 22 2 p 2 2 2

Effest of cockpit covering,flaps, and
landing gear on turns for re savory, Flaps down,ailerons drooped, normal loading

normal loadina

Ailerons Against Neutral With Ailerons Against Neutral With

Elevator U N U N D U N D Elevator II N D II N D U N D
a)

Wheels down ---- ---- ---- 2 2^ ---- ---- ---- a, deg 58 54 54 ---- 45 45
N
o

N
0

N
0Cockpit open

1
1

-
2

r13

3
2

1
3t

a
----

b
----

b-_-
-

0, deg 0 lU 1U ---- 2D 2D

, rps 0.42 0.4 0.47 --- 0.46 0.5
,*heels down

1-

a

P
s

P
a

Pa 3 a a f
V. fps 153 151 147 ---- 157 153Flaps down

1
1t

12Z 4 ---- 3 3^ --
 

- ---- ----
n n n

4

•Tfoas m m
_--_

1221Cockpit open, 1
1-

1
3- 5

f
_-__

f
__--wheels do wn,

f
__-

flans down
oo x m 2 2 recovery 3 2

°
3	 wing dihedral, normal loading

30 wing dihedral, flaps down 450
ailerons drooped 200 , cockpit open,

30 wing dihedral, e.g. moved

wheels down, normal loading forward 0.06c r

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator II N D II N D II N D II N D II N D II N D II N D U N D U N D
(a (a) (b) (b) (b (a) (a) (a) (a)

a, deg -- 40 40 '- 39 40 -- -- -- ---° ---° ---- ---- --- ---- - - - --- --- --- --- --- -

^. deg _- lU 2II -- 0 lII -- -- -- ''-- ---- ---- ---- --' ---- - - - --- --- --- --- --- --- -- -- --

IL rps -- 0.48 0.52 ° 0.49 0 .51 -- -- -- ---- ---- ---- ---- --------- - - - --- --- --- --- --- --- -- -- --

V, fps -- 185 185 -- 192 189 -- -- -- ---- °--- ---- ---- ---- ---- - - - --- --- --- --- --- --- -- -- --
1

2^
1

Tfors -- 21
4

2^ -- 2 2 -- -- -- m w oc -'-- 3 14^ - 2 µ 3^ 14
1

2°
4

-- '
recovery 4 2 4 3

$Wandering spin.	 dRecovery attempted by rudder neutralization.
bHYgh vertical velocity, 	 aRecovery attempted by movement of rudder from
°Recovery attempted by simultaneous reversal 	 neutral to full against the spin.

of rudder and elevator 	 fNo spin.	 NATIONAL ADVISORY
COMMITTEE FOR AEROMAUTICS
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2 g-SCAIE MDEL OF THE BELL P-39D p P-39D S	 ALL-MOVABIE
VERTICAL TAIL AND THE Pm39D-1 AIRPIAWES

Dimensional Data

(Full Scale)

b, ft . . •	 •	 .	 • .	 .	 .	 34.00
L, ft .	 . .	 . ,	 •	 . .	 .	 .	 30.13
t', in •	 . .	 .	 •	 • •	 •	 .	 8.64
S, sq ft. .	 •	 •	 .	 . •	 .	 .	 213.22
A• . . •	 5.43
L.E. L aft •L.E. C—, in.	 .	 5.41
Sh, sq ft

ft
•

(total)
.	 .	 .	 41.20

17.30Se, sq . .	 i	 •
Sy, sq ft .	 .	 •	 .	 . .	 .	 .	 19.01
Sr, sq ft (total) . .	 •	 •	 11.07
b r, deg . .	 .	 .	 .	 • •	 30 R, 30 L
S e, deg . .	 .	 .	 .	 . .	 35 U, 15 D
ba, deg .	 .	 .	 .	 . .	 25 U, 10 D
g_ g, deg . .	 .	 •	 •	 • °	 45 1^

® 364 x IPTDPF. .	 . .	 .	 .	 .	 •
Landing gear. . • . •	 Tricycle

Model as tes tear'.

NATIONAL. ADVISORY

COMMITTEE FOR AERONAUTICS

A//-nmmtk vertico/ tai/ insta//atiw tested on P^9D air#mm
(Di—nslons full sta/e)	 ,

Note- Verticol toil
trove/ -/7°R,/7°L

thrust

1r

M1

111

r
r
r
r

N. ft.

vertical tail hinge
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A

0

w
a

e

so Data

Normal Leading

P-39D

^,Llb . . . . . . . . . . . ... . . . . .	 7406
'°Y ^+ .^.. . . . . . . ° . . .	 . . . . . .	 0.248
Z^ . . . . . . . . • . . . . . . . . . .	 0.100
Ix, slug-ft . . .. . . . .	 . . . . . .	 5201
Iy, slug-ft2 .	 . . . . i . . . . . . .	 6077
IZ, slug-ft2. .	 . . . .	 . . . . .	 10704
Test altitude, ft . . . . . . . . . . . . 	 6000
µ (at sea level) . . . . . . . . . . . . 	 13.33u (6000 ft) . . . . . . . . . . . . . . 	 15.9bIxIy .	 . .	 . . . .	 . . .	 °32 x 10-4
mb

Iy ° 
I . . . . . . . . . . . . . . . °173 x 10-4

mb2

IZ - Ix
. . .	 .	 .	 . . . . .	 . 205 x 10

°4

mb2

P-39D-1

7734
0.313
0.111
5069
6122

10655
6000

13.93
16.66

-39 x 10-4

- 162 x 10-4

201 x 10-4

The P-39D model with an all-movable vertical tail had the same
weight and mass distribution as the P-39D model with the conventional tail,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

In the clean condition, normal loading, normal control
configuration for spinning, the P-39D model spun at a moderate
angle of attack (a = 41') and recoveries by rapid full rudder
reversal or simultaneous reversal of rudder and elevator were

satisfactory (11 turns and 12t urns, respectively). Satisfactory

recoveries by rudder reversal could be obtained when the elevator
was up or when the, ailerons were full against the spin. With
the ailerons either neutral or with the spin and the elevator
either neutral or down unsatisfactory recoveries were obtained.

Extending or retracting the mass along the wings (AT X and
AIZ = ± 0.25 IX) had a detrimental effect upon the recovery charac-
teristics of the model and recoveries from all elevator neutral
or down spins were unsatisfactory. Moderate decreases in the
mass distribution along the fuselage or moderate changes in the
center-of-gravity location had little effect upon the recovery
characteristics of the model (data not presented).

Extending the landing gear alone had little effect on the
recovery characteristics of the model; however, extending the
landing gear in conjunction with deflecting the landing flaps
and drooping the ailerons (landing condition) led to spins from
which recoveries by rapid full rudder reversal were very slo g or
impossible.

Recoveries from all inverted spins were satisfactory by
rapid full rudder reversal.

The addition of area to the bottom of the fuselage and rear
lower portion of the rudder (modifications 1 and 2) improved the
recovery characteristics of the model, particularly for the
landing condition. Modification 1 generally proved to be the
more effective of the two modifications tested; however, recoveries
were still generally unsatisfactory for the landing condition.

The substitution of an all movable vertical tail (see sketch)
for the conventional tail on the P 39D model generally improved
recoveries for elevator up settings. Quite often two types of
spin were obtainable for elevator neutral or down spins from
which recoveries by rapid full rudder reversal were satisfactory
only from the steeper of the two types of spin.

The recovery characteristics of the model when loaded to
simulate the P-39D--1 airplane were in general, similar to the
recovery characteristics obtained with the P-39D model.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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CC''	
SPIN DATA, Olil'AI= NM 7= 5 -WALE 190DEL OF 	 RZT-1, P-39D

tunless otherwise indicated, steady-spin data are for rudder-with spins of the P-39D model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Normal loading udder neutral spins, normal loadi ng

with
Ailerons Neutral AgainstAgainst Neutral With

SoD 110U	 50 D

	

Full

Elevator
( a) a

D
.e

N D 25OU N D N D N D U N D N D N D
(b b b (U b)

a, deg --- ---

N

o

s.

p

-- 52 154 41	 ---- 53 1	 53 --- 52 53 -- 60 57

N
0

s

p

N
0

s

N
0

s

p

--' 52 50 ---j 53 53
fd,	 deg --- --- -- lU lU 0	 - --- lU 0 --- 0 0 -- 1D 2D --- 0 lU --- 2D 3D

S1.	 rps --- --- -- 0.53 0 -551 0 -42 ---- 0. 53 0. 54 --- 0.52 0.54 -- 0..55 0.57 --- 0.61 o.63 --- 0.66 0.63

V, fps >275 ---- '- 173 163 222 ---- 173 171 --- 169 171 -- 165 161 $475 171 167 --- 175 167

32
13 1

32p

1

42Surns
for °^ ---- n --

4
4

4
d>3 1'l 41 2 3 4'L 2 51 91

2
n n n

recovery 4 41 ell 4 4
d 4 2

4 2 ^lw o,

Landing gear
AIX and AIZ = 0.25 IX AIX and AIZ = -0.25 I g normal loaadin

dinnded,
g

Ailerons Against Neutral With Against Neutral With	 Against Neutral With

Elevator U N D
^8)

N D
f

N D
a

N D U D
(f)

N D
(U

D N D U D
e

V,	 fps -- -- 173 - 180 179 -- 185 185 -- 163	 159 201 161	 193 185 185	 >275 N	 >275
0

s

170 170 226 168

Turns '3L 41
recovery -- -' 4 -' 3.

4

2
-- 412 41	 '62

21
4

51	 ----2 312 31	 ----2 1	 1
2

1
44

1
42

'L14 1
72

5 5 n

Landing condition, normal loading Inverted spins, normal loading
modification 1
normal loading

Ailerons Against Neutral With Against Neutral With Neutral With

Elevator U N D U N I 	 D (b)
N D

s
N

of
U N D U D	 U D U N D

V. fps 169 161 156 173 163 156	 181 .166 164	 275 ---- 275	 254 ---- 234 209 218	 194 173 183 169 165

Turns 64
3 it 12 12 1for Co CD co m Co co	 5-

1

9
1

--- ----
4

----
11 1

2 1 1 3 3recovery 4
94

4'

d12

d11	 d 4 d 4 4

Modification 1, landing condition, Modification 2,	 Modification 2, landing condition
normal loading normal loading normal loading

Ailerons Against Neutral With Neutral With Against Neutral With

Elevator U N D U N D U N D U D U N D U N D U N D U N D

V,	 fps 165 158 158 171 158 158 177 165 16o 201 179 195 192 176 171 159 152 173 163 156 181 169 161

Turns

recovery
24

1
34 34

?1

1 2 3z 14 3 32 l41 24 2Z 32 32 2 44

5

61 22 42 44 22 3 4

2

aSteep spin.	
NATIONAL ADVISORY

°	 COMMITTEE FOR AERONAUTICS
bWandering and oscillatory spin.
cRecovery attempted before final high velocity was reached.
dRecovery attempted by rudder neutralization.

eRecovery attempted by simultaneous reversal of rudder and elevator.
fWandering spin.

90scillatory spin.
hTwo types of spin. The other is steeper; recovery effected in 2 

turn.

l Visual observation.

(Model goes into left spin after recovering from right spin.

IcModel goes into inverted spin after recovering from erect spin.
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SPIN DATA OBTAINED WITH T99 1 -SCALE MODEL OF TFL BELL P-39D AIRPLANE WITH ALL MOVABLE VERTICAL TAIL INSTALLATION

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition, and recoveries were attempted by rapid Hill rudder reversal from right erect spins]

Normal loading AIX and AI Z = -0.25 Ix

Against With
Ailerons Neutral Against Neutral With

Full 119II, 50D 11°U, 50D Full

U N D N D U N D U N N D U N D U D U N D D U D
Elevator

a ab ab c b s ab c b

a, deg -
N
0
s
p
i
n

N
0

a
p
i
n

N
0
a
p
i
n

N
0
a
p
i
n

- 21 46 - 40 18 42 - 43 38 -

N0
s
P
i
n

- 19 39 _2 1 - 17

0. deg - - 2D 0 - 3D 6D 2D - 4D 5D - - 2D 1D 2U - 3D

rps - - .54 - .%04- •5 - 0.51 0.54 - - .76 .55 .86 - .86

V, fps - - 176 - 200 297 187 - 187 193 - - 324 182 290 - 304

4z >5

Tfors
1

1

r302

5 1

1 4 d 1 4 4 1 > z 1d
9

11 51
°, Co 2

recovery} 2 2 d11
2

AIY and 6I Z = 0.20 x Y Left spin, normal loading

Against With

Ailerons Against Neutral With Neutral
°U,	 °DPull °II,11 50D 115 Full

U N D U N D U D II N D U N D II N D II N D II R D
(a) (ab) (a) (e) (f) (a) (a) (ab). (ab) (b) (b)

- -
N
o

- -
N
o

N
o

N
o

N
o

21 21 - 25 23 - - 26Fdeg

aD lII - 8D )FD - i IOD

- - o.68 .8x - o.69 o.81 -- _
e
p

n

- - _ _ _

i
n

s

i
n

a
P

n

s

i
n

- - - - 267 - - - - 304 304 - 285 278 - - 4265

Turns
for - - - - - - - -

1
2 2 14 >22 2 12

r eco very 4 1
4

a

Left spin, AIX and 6I Z = -o.25xx Left spin, ATx end 6I Z = 0.20 IY bWanderingnand oscilla-
tory spin.

dTwo types of spin.
Recovery attempted by
simultaneously revers

Ailerons Against Neutral Wt th Against Neutral With

U D D U N D D U
D

U D D II N D D U DElevator
(a) (c) (c) (ab) (c) (c) (b) (a) (c) (c) (ab] (c) (c) (f) (a£) the rudder and neutra

izing the elevator.
'Steeper spin also
f obtainable.
Wandering spin.

a. deg - 46 23 -- 43 23 18 1	 49 22 221 50 24

0, deg - 3U 2U - - lU 0 D 3U 2U D 0 -D - _

fl, rps - . 55 •92 - 0.53 0.69 .86 •47 •75 - 0 . 0.47 6.75

V, fps 168 264 304 194 271 332 - 176 2 8 0 176 8 -

Turns
- 41 11

r+
- - 5 for 1 1

4
_ 1 62 12 1 1 4 1

1744
2

recove 2 4 1 4 m

1ng

National Advisory

Committee For Aeronautics



Modification 2modification

area
1.6  sq. ft.
Cole). area

(6 sq. ft.
,-Cale)
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! SPIR MM& OBTAINHD SrITH M - SCALE HOMM W THE SELL P-39D-1 AIRPlARE

[unless otherwise indicated, steady-spin data are for rudder-with spina of the model in the clean
condition, and recoveries were attempted by rapid full rudder reversal from right erect spina]

Normal loading AIX and AI Z = -0.25 IX

Against With
Ailerons Neutral Against Neutral With

Full ilou, 50D 11°U, 50D Full

D R D D II N D II M N D II N D II D II R D D II D
Elevator a ab ab b a ab c b

a, deg -
N

a
P

n

N

a
P

n

FN

n

N
 0

a
P
i
n

- zl 46 - 4o 18 42 - 43 38 -
R
0

s
P
1
n

- 39. 21 - 17

0, deg - - 2D 0 - 3D 6D 2D - 4D 5D - - 1D 2U - jD

'rps _ • 69 .54 - 0. 54 - -54 - 0.51 0.54 -

r32-4

 -55 .86 - .86

v, fps - - 302 176 - 200 297 187 - 187 193 -  182 290 - 304

41 >5
Turns 1

1

5 1 2

1

1 d' 1
2 1 4 1

1
>2Z 1for dj

9 lZ 2

d{

co cc 4

recovery
2

AT  and alz = 0.20 1 Left spin, normal loading

Against %Ith

Ailerons Against Neutral 7,3 th Neutral
Full 11°II, 5°D °U,	 °D115 Full

u N D u N D II D U N D U N D U N D U N D II N D
Elevator (a) (abY (a) (a) (f) (a) (a) (ab) (ab ) b() (b)

a, des -
N

- -
N N

-
N N

- 21 21 - 25 23 - - 26
— —" ()D lII 8D 4D - - lODde - - o

p
i

n

-_ - - - o

P
i
n

o

p
1
n

o

p
1
n

o

P
1
n

-

Sl	 rpa
_ _ _ _ - o.68 o.61 - .69 o.81 - - o.,t6

V, fps - - - - 207 - - - - - 304 3 04 - 285 278 - - 265

Turns I
for

- _ - _ - - - - 4 2 2 14 >2 122 112
14recovery,

spin.bSteep
Left spin, AI	 and AI	 - -0.251X	 Z-	 R

Lnft spin, AI	 and AI	 - 0.202Y	 Z	 Y Pandering -and osa111a-
tory spin.

dTwo types of spin.
Fecovery attempted by
simultaneously revers.

Ailerons Against Neutral With Against Neutral With

D
D

D II N D D U D U D D U N D D II DElevator
(e) (c) (o) (ab) - (°) ( c) (b) (a) (c) (c) (ab) c) ( c) (f) ref) the rudder and neutra

nStepertspinlalsoor.

-
obtainable.

fanndering spin.

a, deg 46 23 -- - 23 18 49 22  22 0 24 -

^1deg 2D - 0 D -3u U 2U D 0 D -

Rrpa - -55 0.92

P43

 .69 .86 -47 -7 - 0. 8 0. 47 0.75 -

vrPe 188 26 0 2 1 - 2 - 1 6 2 8 - 0 1 6 8 -

f rs 42 r
)
1
t -

_ it
1

62 1 4 1 . 14 >2 2
recces 4 rc ^
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2O SCALE MODEL OF THE BELL XP -39E AIRPLANE

b, ft	 . . . . . . . . .	 35.83
L, ft . . . . . . - . . .	 31.95
°c, in . . . . . . . . . .	 82.43SP sq ft . . . . . . . . 235.60A..

®
 .........	 5.46

L.E. Eaft L E. cr, in. .	 6.15
Sh, sq ft . . . . . . . .	 /,.7.56
Se, sq ft (incl. bal.). . 	 16.16
Sv, sq ft	 . . . . . . .	 19.10
Sr, sq ft'(incl. bal.). .	 11.07
6 r, deg . . . . . . . 25 R, 25 L
6e, deg . . . . . . . 25 U, 15 D
6a, deg . . . . . . . 25 U, 10 D
6f, deg . . . . . . . . .	 45_g
TDPF. . . . . . . . . 361 x 10`
Landing gear. . . . . . Tricycle

^3"

^2 ^—Or 2 ^2'

e/,-u. hinge

X05"

5,023.81

-t flap hinge I I T s 5°
aileron	 580"
hinge

5.6°	 ---

/0. i"	 --^
z s¢°

T.

L60^ ^-£rudder
hinge

2° Incidence /3q'

Mass Data
	 Model as tes ted,
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W,	 lb	 .	 .	 .	 .	 .	 .	 .	 .	 .
x c

. .	 8984
.	 .	 .	 .	 .	 .	 .	 .

zlc
0.254

.	 .	 .	 .	 .	 .	 .
IX, slug-ft2 .	 .	 .	 . ..	 .

.	 . 0.138

.	 .	 6361
Iy,	 slug-ft2 .	 .	 .	 .	 .	 . .	 .	 7357
IZ,	 slug-ft2 .	 .	 .	 ..	 .	 . .	 12,901
Test altitude, ft .	 . . . .	 6000
µ ('at sea level).	 .	 .	 . .	 . 13.90
µ I (6,000 ft).	 .	 .	 .	 .	 . .	 . 16.63

Flight Loading

Wx
	 .	 .lb	 .	 .	 .	 .	 .
^ .	 .	 8053

.	 .	 .	 .	 .	 .	 .	 .
Z./C-

.	 .	 . 0.248

IX,	 slug-ft'2 *	
.	 .	 . .	 .	 .0.138

.138
Iy, slug-ft2	.	 .	 .	

.

.

.	 .

.	
7446

IZ, slugaft2
.	

.1®,536
`Pest altitude,^ft .	 . 6000
µ (at sea level),

.	 .
0 12.46[1 1 (6,000 ft),	 •

.

.	 .	 14.90
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Resume of Model Test Results

For the clean condition, normal loading, normal control configura-
tion for spinning, two types of spin were possible; one spin was steep
(a = 220) and recovery by rapid full rudder reversal was satisfactory
(3/4 turn), the other spin was flat (m = 560) and recovery was unsatis-

factory (4 turns)
\
 . For all control settings in the normal loading,

two types̀ of spins were obtainable similar in nature to the spins
obtained for the normal control configuration. Ailerons set with the
spin had an adverse effect upon the recovery characteristics of the
model, whereas the ailerons set against the spin improved the recovery
characteristics of the model. Recoveries from spins obtained with the
model in the landing condition were generally unsatisfactory.

The addition of vertical area to the fuselage below the horizontal
surfaces and to the rudder (modification 1) led to an improvement in the
recovery characteristics of the model and recoveries were generally
satisfactory.

A number of supplementary tests were conducted with the model
equipped with a modified tail (see sketch) and recoveries from spins
obtained were generally unsatisfactory.

Numerous dimensional modifications (modifications 2 through 32)
were tested in an attempt to improve the recovery characteristics of the
model equipped with the modified tail. The basic tail modifications whi
produced satisfactory recoveries were

(1)Additional fin and rudder area below rear portion of fuselage
and lower portion of rudder (modification 3)

(2)Additional vertical fin area below fuselage (modification 28)

(3)Antispin fillets (modification 29)

In generals for the model equipped with the modified tail,
recoveries from spins for the landing condition (flaps deflected 450,
landing gear extended) were slower than recoveries from the correspondir
spins of the model in the clean condition.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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sFlz DATA OBTl.L D lalffi WE O-SCALE MDM OF TIM BELL IP-39B AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spina of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spina]

Normal loading

Ailerons Against Neutral With

Elevator U U N N D D U
a

D
s

N	 N
a	 a

D
a

D
a

U U N N D D

Q, deg 56 24	 - --

N

0

P
i
n

---

N

0

r
1
n

56 22 49	 1 24 46 z5 57 24 53 --- 53 ---

0, deg 1II lU	 - -- --- 0 2D 0 lU 0 lU 2D 4D 2D --- 2D

11, rps 0.46 0.53 -- -- ---- 0.45 0.50 0.50	 .73 0.53 0.76 0.48 0.52 0.51 ---- 0.54
V, fps 138 338	 271 z71 188 304 188	 288 183 z88 18? 294 182 271 170

rdjj
Tfurns

recovery

21

2

1	 3
2

3 31

4

3

4
141-	

1

42 341
11
2

71
4

1 51
2

ll
2

1
44
5

Landing condition, normal-loads n8
Modification 1,
normal loading

Ailerons Against Neutral With Against Neutral With

Elevator U
( 0)

N D	 U N
a

N
a

D II
c

N D D
a

U N D U N D U N D

a, deg 47 48 50 52 --- 13 54 5 1 52 1 55 13 -- - -- --- -- --- --- --

J0, deg 2U lU 2U 0 ---. 2D 0 2D 2D I 2D 1U -- - -- --- --- ---- --- --- --

12, rpa 0.43 0 .49 0.50.0.42 0.48 ---' 0.52 0.42 0.49 0.50 1.11 — - ----- --- --- ---- ---- --

V, fps 176 179 173 182 176 338 170 188 173 179 338 -- -- -- --- 182 --- 206 18z --

Turns
for

recovery

2'`
4

2

4
5

6	 4 51
2 --- 71 41

2
81
2

m
4

-- -- ----- 2 --- 21
4 2 --

Supplementary teats with model, normal loading

Re-
marks Ailerons

levy
for

(deg)

Rudder
(deg)

V
(fps)

Turns
for

recovery

Re-
erka

Ele
Ailerons	 for

(deg)

va Rudder
(deg)	 (fp

V
®)

Turns
for

recovery

Against 30U 25 176 7 Neutral	 35U 25	 182 co

Against 25II 25 176
Neutral	 30U 35	 160 e9

(f) Neutral	 30U 30 176 m
Right
Left

50D
5oU 25U 25 176 00

(r) Neutral	 30U 30	 185
1

52
Right
Left

j0D
30U 25U 25 176 m (f) Neutral	 30U 30	 232 ---------

( a)	 Neutral 35U 30 185 611 Neutral	 25U 25	 176 00

(a)	 Neutral 35U 30 304 1 Neutral	 30U 25	 166 g'j

Modifications tested on model after crack-up, normal loading unless otherwise indicated

Modlfi-
cation

Re-
arks Ailerons

(deg)

Eleva
ter	 ( deg )

udder Turns
or for

Modifl
cation

Re-
arks Ailerons

leva-
for
deg)

udder
(de	 )g

V
(fps)

Turns
for

recovery

1 Neutral 25II 25

F176

 '3^ 7 Neutral 25U 25 176 10

1 With 15D 25  8, 8 Neutral 25U 25 197 3, 41

2 Neutral 30U 30  2j 9 Neutral 25U 25 182 6

2 'Kith 15D 30 188 52 10 (hi)	 Against 25II 25 188 4

3	 1 Neutral 30U 30 207 1 10 Neutral 256 25 170 62

j Neutral 3OU 25 191 112 With 15D 25 166 m

3 Neutral 25U 25 191 2 10 + 11 With 15D 25 166 ao

3 with 15D 30 188 4 0 + 12 (j)	 With 15D 25 304

4 Neutral 30U 30 194 22 0 + 13 Neutral 25II 25 179 00

4 Neutral 25D 25 176
2 0 + 13 With 15D 25 194 0,

4 with 15D 30 182 0 + 14 (a)	 Neutral 25II 25 197 4t
5 Neutral 30U 25 182 5

0 + 14 (a)	 Neutral 25II 25 304 1
5 Neutral 25U 25 182 5

b Neutral 25U	 ' 25. 176 7z ° + 15 (jk)	 Against 300 30 374 --	 -

"Two types of spin.
bTwo conditions possible.
ONandering and oscilla-

tory spin.
dModel goes into an

inverted spin upon
recovery.

"Recovery attempted by
rudder reversal from
35 with to 25
against the spin.

(Three types of spin.
gRaoovery attempted by

rudder reversal from
250 with to 350
against the spin.

hLanding condition.
i Flight loading.
Steep spin.

klTandering spin.

NATIONAL ADVISORY
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SPIN DATA OBTAINED WITH THE $5-SCALE YODEL OF THE FELL XP-39E AIRPLANE - Continued

[Unless othe rwlse indicated, steady-spin data are for rudder-with spins of the model in the clear
conditl on and recoveries •here attempted by rapid full rudder reversal from right erect spins

Modifications tested on model after crack-up, normal loading unless otherwise indicated

Modifi- Re- Ailerons

I( de g .

Ele-- Rudder V, Turns Modifi- Re- Ailerons Ele- Rudder V, Turns
cation mark vator (deg.) (fps) for cation tnark vator (deg.) (fps for

recover de	 .

10+15 Against 30 U j0 176 22 ++ 22 (h) Against 15 U 25 194 12 , 2

10 +
21 + 22 (1) --do--- 15 U 2. 182

10+15 Neutral 30 U 30 176 >3

to +10+15 --do--- 25 U 25 176 5
21 + 22 hj) Neutral 25 D 2 - -

10+15
RT 10	 D
LT loo D 30 U 30 176 1

al + 22 (h) With 15 D 25 191
10+15 With 15 D 30 176 7

10 + 23 (j) Against 30 U 30 - -

10+16 Neutral 25 U 25 304 10 + 23 --do--- 15 D 25 185 32

10+16 --do--- 15 D 25 182 8 10 + 23 (h) --do--- 15 D 25 182 41

10+16 With 15 D 25 188 51	 7
2 10 + 23 Neutral 30 U 30 07

10+16+17 Neutral 15 D 25 170 61 1z to + 23 (h) --do--- 30 u 25 191

10+18 -do--- 15 D 25 170 0. 1
to + 23 --do--- 30 u 25 207

10+18 With 15 D 25 176 Or 10 + 23 --do--- 25 U 25 220 2

10+16+18 Neutral 25 U 25 304 10 + 23 (h) -do--- 25 U 25 194 1, 2Z

10+16+18 --do--- 15 D 25 191 5
o + 23 (h) --do--- 0 25 185 32

10+16+18 ( j) witi; 15 D 25 2 39 - 10 + 23 --do --- 15 D 30 182 4

6+i8' -do- 15 D 2 5 239
z 10+ 23 -do--- 15 D 25 176 3	 5

2r-

+ig+ Neutral 15 D 25 194 21 10+23 (o) with 30 U 30 185 1

+18+ (j) With 15 D 1 25 232 11 10 +23 -do- 15 D 25 220 4

19 Neutral 25 U 25 210 2	 3 10+ 23 (h) -do- 15 D 25 1188 5

19 --do--- 15 D 25 194 3^
24 h) Neutral 30 U 30 185

20 --do--- 25 U 25 194 >4
24 lj) - -do --- 30 D 30 339 -

22 --do--- 35 U 30 239 1 24 (k) --do--- 25U 30 239 -

22 --do--- 25 U 25 210 3 24 With 30 U 30 239 2

22+2 (1) --do--- 25 U 25 220 1
z4 (h) -do- 30 D 30 185 43	6t, 9

22+2 --do--- 15 D 25 223 2
24 (j) -do- 30 D 30 291 -

22+2 With 15 D 25 216 21 2+
22+2

(hj) Neutral 30 D 30 197 -

21+22 Neutral 25 U 25 223 11 , 2 2+
z2+24

(hi) -- do --- 2 5 D 25 304 -

2+10+22 (j) Against 30 D 25 -
1
2

2+
2+2

(h) __do___ 25 U 25 194

2+10+22 (ij) —do--- 30 D 25 - -
25 (j ) Against 35 U 30 04 -

2+10+22 --do--- 15 U 25 No S p i n ^5 --do --- 30 U 30 176 4

2.10+22 (1) --do--- 15 n 25 188 21
25 (m) --do--- 30 U 30 182 6

+10+22 Neutral j0 D 25 210 1
25 (a) eutral 35 u 30 188 3^, 42

2+10+22 -do--- 25 U 25 2.20 1 25 (aj) --do--- i5 U 30 304 1

2+10+22 (h) -do --- 2 5 U 2 5 194
25 --do --- 30 30 175 6	 9

2+10+22 With 30D 25 194 32 25 (n) --do--- 3o U 30 182 6

2+10+22 (h) -do- 25 D 25 194 1̂ '25 (m) --do--- 30 v 30 176 m

2+10+22 -do- 15 U 25 194 4
21 25 -do--- 0 30 163 m

10+21 +22 (h) -do- 15 D 25 182 471

25 (m) -do--- 0 30 16310+21+22 (jl) Against 25 U 25 4

aTwo types or spin
OVandering and oscilla-

tory spin.
hLanding condition.
i Plight loading.
jSteep spin.
kWandering spin.
ZFlight loading, land-

ing condition.
mLanding condition,

noes-wheal doors in
place.

°Elevator cutouts in-
creased.

NATIONAL ADVISOPV
CONNITTEE FOR AERONAUTICS



NAC A RM No- L7M.9
	

186

SPIN DATA OBTAINED WITH IM =SCALE MODEL OP'THE BELL XP-$9E AIRPLANE - Concluded

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Modifications tested on model after crack-up, normal loading
unless otherwise indicated

Modifl-
cation

Re-
mar Ailerons.

Eleo-
vator
(deg)

Rudder
(deg)

V
(Iba)

Turns
for

recovery

Modifi-
cation

Re-
mask Ailerons

Ele-
vator
(deg)

Rudder

(deg)
V

(fps)

Turns
for

acov ery

25 (o) With 35 U 30 239 32 25 + 29 (m) Neutral 30 U 30 185 2z,32,4g

25 -do- AO U 30 166 0) 25 + 29 --do-- 0 30 176 5

25 (mo) -do- 30 U 30 176 °' 25 + 29 (m) --do-- 0 30 176 6Z

25 (n) -do- 30 U 30 176
Co

25 + 29 With 30 U 30 232 22, 3

24 + 25 Neutral 30 U 30 239 1 25 + 29 (m) -do- 30 U 30 185 42

24 + 25 (h) --do-- 30 U 30 182 32 25+28+29(mj) Neutral 35 U 30 --- ---

22+24+25 --do-- 30 D 30 239 25+28+9 (m) Against 30 U 30 220 1

22+24+2 (h) --do-- 30 U 30 188 2e 25+28+21(1) --do-- 30 U 30 223 1

22+24+2 (m) --do-- 30 U 30 188 1 25+28+2 (im) --do-- 30 U 30 182 4

+24+2 (h) With 3o tt 30 185 31 25+28+ (J)
Rt. 200D
t. 20°II 30 U 30 339 ---

22+24+25 (m) -do- 30 U 30 188 3 25+28+29 Neutral 30 U 30 339

22 + '25 (J) Against 30 U 30 339 --- 25+28+29 (m) --do-- 30 U 30 213 11t, 21,2

22 + 25 Neutral 35 U 30	 - 245 It (1) --do-- 30 U 3o 304

22 + 25 (a) --do-- 30 U 30 201 3 
1fL 25+28+29 (im) -do-- 30 U 30 182 21

22 + 25 (a) --do-- 30 U 30 239 2Z5+28~29 --d°-- C 30 176 4-i
22 + 25 --do-- 0 30 188 4 25+28+29 (m) --do-- 0 30 182 5

22 + 2 5 (0) With 30 U 30 216 31 25+28+29 ( p ) 0e. 20°D 30 U 30 04 - --
25 + 26 (J) Against 35 U 30 339 --- 25+28+29 With 30 U 30 245 22

25 + 26 (J) --do-- 30 U 30 339 --- 25+28+29(m) -do- 30 U 30 194 5

25 + 26 Neutral 35 U 30 339 1 25+28+29(ip) -do- 30 U 30 304 ---

25 + 26 --do-- 30 U 30 304 1 25+28+29(p9) -do - 30 U 30 --- ---

25 +'26 --do-- 30 U 30 176 5+28+29 jr) Neutral 30 U 30 )339 ---

25 + 26 --do-- 0 30 163 00 25+28+29 (r) --do-- 0 30 194 1	 33.

25 + 26 (o) With 35 U 30 3o4 1 25+28+29(r) With 30 U 30 --- 1

25 + 26 (Ja) -do- 30 U 30 304 2 25+28+2 (a) Neutral 0 30 176 51

25 + 26 (a) -do- 30 U 30 176 9 25+28+2 (a) With 30 U 30 --- 2

22+25+26 (J) Against 30 U 30 304 --- 25 + 30 Neutral 30 U 30 3o4 1

22+25+26 Neutral 30 U 30 325 25 + 30 --do-- 0 30 163 7, 52

22+25+a5 --do-- 0 30 207 2 25 + 30 Wl to 30 II 30 231 3

22+25+26 With 30 U 30 234 21 31 Neutral 30 U 30 288 1

25+Z+27 Neutral 30 U 30 176 5 31 --do-- 0 30 163 9

25+26+27 (a) With 30 U 30 176 6

31 With 30 U 30 258 325+Z+27( ap ) -do- 30 U 30 3o4 ---

25 + 29 (J) Against 30 U 30 339 ---
32 Neutral 0 30 163 6

25 + 29 (m) --do-- 30 U 30 204 11	 14

32 With 30 30 176	 - m25 + 29 Neutral 30 U 30 252 14

aTwo types of spin.
hLanding condition.
I FlEght loading.
JSteep spin.
mLendingcondition,

nose-eheel doors
In place.

-Elevator cutouts
increased.

°Oscillatory spin.
pSteep and oscillatory

spin.
4Plight loading, land-

ing condition, nose-
eheel doors in place.

rLeading edge of anti-
spin fillets lowered
5 Inches full scale.

sLeading edge of anti-
spin fillets raised
5 inches full scale.

NATIONAL ADVISORY
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taxi

Modificatioi

Circular horifonta/
tail end plates
(one at each tip)

,s 9 and /0

Rounded wing tips

NACA RM No. L7E15	 187

Q

—	 '\-Z 6 sq. ft
l 2. 84g. &

Modifications 5, 6, 7, and 8	

T(Dimensions full scale)	 i	 ; J^

a

Modification
(Dimensions fu// sco%)

tail

Modifications	 13 and 14

^I	 I

Leading edge of wing

I

Modification 15
(Dimensions full sca/o

NATIONAL AWIFISMY
CGIGHTM 65W AESONWICS



Mo

Modification 24
New horll0 tal tail
with /0° dihedral

Modificatlons 25, 26, 27and
(Dimensions full scale)

Modification 29
(Dimensions full scale)

w

NACA RM No. UE 15 188

ificat"s A /7, -W N
(Dimensions full scale) ,

Modification 22	 Modification 23
(Dimensions full scale)
	

(Dimensions full scale)

Original honjontal



Section A 

Modification 31
Modification 32

Inim nsions full sc-1-1

Section A-A
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T.

9"

3der
,qe
ref-
'n

Dimensional Data

(Full Scale)

b, ft	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 37.29
L, ft	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 31.70
F, in.	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 81.60
S, sq ft	 .	 .	 .	 . .	 .	 .	 .	 236.00
A............. 5.89
S h, sq ft	 .	 .	 .	 . .	 .	 .	 .	 .	 48.00
Se, sq ft	 .	 .	 .	 . .	 .	 .	 .	 .	 19.20
Sv, sq ft	 .	 .	 .	 . .	 .	 .	 .	 .	 20.74
Sr, sq ft	 .	 .	 .	 . .	 .	 .	 .	 .	 13.74
sr , deg	 .	 .	 .	 .	 . .	 .	 30 R, 30 L
6 e , deg	 .	 .	 .	 .	 . .	 .	 30-U,	 20 D
ba, deg	 .	 .	 .	 .	 . 18.5 U,	 10.6 D

6f, deg	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 45 D
TDFF	 .	 .	 .	 .	 .	 . .	 .	 452 x 10°6
Landing gear	 .	 . .	 Congentional

2e.37

6°

190NACA RM No. L7E15

20 SCALE MODEL OF THE CURTISS P-40 AIRPLANE

Mass Data
Model as tested.

Normal Loading

W,	 lb	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 6825
x/c .	 .	 .	 .	 ..	 .	 .	 . .	 .	 . 0.248

®z/F...	 .......0.049
IX,	 slug--ft2
	

.	 .	 .	 . .	 .	 .	 2172
Iy,	 slug-ft	 .	 .	 .	 . .	 .	 .	 6744
I Z ,	 slug-ft2 	.	 .	 .	 . .	 .	 .	 8602
Test altitude,	 ft .	 . .	 .	 12,000
µ (at sea level)	 .	 . .	 .	 .	 10.13
µ'	 (12,000 ft)	 .	 .	 . .	 .	 .	 14.78

IX	
Iy	

. . . . . . - 155 x 10-4
mb2

Iy	
IZ . . . . . .	 .,63 x 10 m4

mb2
IZ 

2 
Ix	

. 218 x 10°4 . .	 . .	 . .
mb

NATIONAL ADVISORY
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Resin of Model Test Results

Results indicate that recover- by rapid full rudder reversal would
be sa.tiefactor7 from all inverted spins.

The addition of modification 1 to the bottom of the fuselage and
.drier va.s necessary in order to obtain a 1-turn recovery by rapid full

rudder reversal for the ailerons set against the spin, elevator full
down. and the landing gear extended, With the addition of modification 2
to the bottom of fuselage and rudder for the same condition, the model
required 5 turns for recovery (data, not presented)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 20 SCALE MODEL OF THE cURTISS P-40 AIRPLANE

(Unless otherwise indicated,steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins]

Normal loading Normal loading, rudder neutral spins.

Against With
Ailerons Neutral Against Neutral With

Full 080u, 6 D 0 )} U, 30D 2 Full
9 N D II N D II N D U N D U N D U N D U N D 0 N D U N DElevator a a b ab a b b b

a, deg 49 150 152 49 48 1471 35 41 33 -- --- 20 --- ---- -- --' --- --- 46 49 50
0, deg 0 1II 2II 0  2U IU 117 -- --- 0 ---- ---- --- --- --- --- 4U 2II 2II N N

0
N
0

N
0

N
0

N
0

xL,rps .40 .46 .48 .40 .4 .53 -- --- 0.89 --- --- -- -°- --- - 37 46 48
0

V, fps 193 181 17T 95 234 207 2o6 -- --- 254 --- --- -- --- --- --- 181
a a a a a a

to-4-4-p-3E

197 177 P P P P P P
i i i i. i I

Turns
for 2 03 ao

`'t,
Q"

1 2r

, 1

44 __ ___

n a a a s as

recover a 0, a3
5
ac

6
12 --_ °__ ___ ___ ___ ___ ____ ___ ___

Normal loading, rudder against aping Landing gear extended, normal loading

Against
Ailerons Against Neutral With Neutral $QS th .

Full 8°II	 60D, 4°U, 30D

Elevator U N D U N I D U N D U N I	 D U R I	 D U N D U N D U N
(aj(ablkab

D
a)

a, deg

N

a
P
i
n

42 44

N
0

a
P
i
n

N
0

a
P
1
n

N
0

a
p
1
n

N
0

a
P
1
n

N
0

a
y
1
n

N
0

a
D
1
n

51 49 52 1 44 48 49 41 42 45 ---- 38 40 ---- ---- -'-

de 4u 4 u 21J 213 2II lU lU 2U 1D lU 2II ---- lU lU ---- ---- ---
rps 0 .47 0.49 o.44 o.480,491 0.40 0.49 0.49 0.43 0.50 0.47 ---- 0.5 0. 51 ---- ---- ---

v, r0s 191 185 189 181 173 206 181 181 218 195 185 ---- 218 193 ---- ---- ---

2 37
1

4Tarns
for ___ ___

5

m co 6^ ____
recovery 7

1 ^0 22 22
2-
2

77 7
Flaps dorm 22f, landing gear extends

Landing condition, normal loading Inverted spins, normal loading
normal loading a

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N D II N D U N D 11 N D U N U N D U N D U N D II N DElevator
I I

(a) (a) (a) (a (a) (a
a, des --- -- -- 40 41 43 --- -- -° 49 52 54 45 44 ---

N
a

i
n

N
°

a

i
n

" '-- --- --- --- --- ---
0, deg --- -- -- 3D 1D 1D --- --- -- 0 2II lU 1D 1D

F45
--- -- --- --- --- -°- ---

. rps --- --- --- 0.38 0.49 0.51 --- --- --- 0 .40 0.48 0.49 0.38 0.47 --- -- -- --- - — --- ---

fps --- --- --- 210 185 185 --- --- -- 179

---

V, 165 163 187 177 --- -- -- --- --- --- --- --- --- ---

Turns 1
42

for --- --- ---
11
2 24

1
3g --- --- -- ao m m 2

1

1

-

1
2

1 1

recovery 54 4

a	 NATIONAL ADVISORY
Vertical velocity too high to test.	 CONNITTEE FOR AERONAUTICS

bOacillatory spin.
°Recovery attempted by simultaneous reversal of rudder and elevator. 	 .

AsbdJfC400M / and 2
AI)i areas .tuck

Fu// scale
Modl,, 6.65-jOt 49:
Mod42744A 2MA
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1
^F -SCALE MODEL OF THE CURTISS P-40B AIRPLANE

b, ft . . . . . . . . . .	 37.29
L, ft . . . . . . . . . .	 31.71
a, in.	 . . . .	 . .	 .	 81.60
S, sq ft	 . . .	 . 236900
A	 . . . . . . . . . . .	 5. 89
L.E. a aft L.E. or , in .	 2.20
Sh p sq ft . . . . . . .	 48.30
Se, sq ft (total) . . . .	 17.44
Sv, sq ft . . . . . . . .	 20.74
Sr, sq ft ( total) . . . . 	 13.74
6r , deg ( from plane

of fin) . . . . . . 30 R, 30 L
be, deg . . . . . . . 30 U, 20 D

ba , deg . .	 . .	 184 U, 10^ D

6a,, deg (1,/2 stick) 9.2 U, 7.0 D
6a, deg (1/4 stick) 4.0 U, 3.0 D

bf r deg . . . . . . . . . . 45 D
TDPF . . . . . . . . 388 x 10-6
Landing gear . . . Conventional

Model as tested.

Mass Data

Normal Loading

Ws lb , . . . . . . . . . . . 7327
a^ . . . . . . . . . . . . 0.288
z/c° . . . . - . . . .	 . . 0.061
qk, slug-ft2 . . . . . . . 2532
Iy, slug-ft2 . . . . .	 6313
IZ , Aug-ft2 . . . . .	 . 9086
Test altitude, ft . . . . 12,000
µ (at sea level) . . . .	 10.87
W (12,000 ft) . . .	 15.70
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Resume° of Model Test Results

For the normal loading, clean condition, ailerons neutral or with
spin, the model spun at a..steep attitude with a rate of descent in excess
of the top speed of the tunnel (275 feet per second, full scale).
Recoveries if attempted probably would have been satisfactory by rapid
full rudder reversal. Setting the ailerons slightly against the spin
(1/4 stick) definitely flattened the spin and recoveries became pro-
gressively slower as the aileron-against deflections were increased.

With the rudder neutral the model spun for all control settings
except for the aileron-with, elevator-down condition. With the rudder
initially full against the spin, the model would spin only when the
ailerons were full against the spin and the elevator was either neutral
or down.

Tests made with varied rudder settings (data not presented) indicate
that rudder-with settings greater than 30 would flatten the steady spin,
and reversing the rudder to less than 300 against the spin would retard
.recoveries. With the rudder set 35 0 with the spin (data not presented)
flatter spins with rates of descent >275"feet per second, full scale
were obtained for all aileron-neutral control configurations and reversal
of the rudder to 30 0 against the spin gave satisfactory recoveries.

The results of brief tests (data not presented) made with variations
in mass distribution L1Ix and 611 = ±0.37 IX; dly and AIZ = t0.20 Il

and center of gravity locations (±0.056) indicated no effect on the
recovery characteristics of the model.

For the landing condition (landing gear extended, flaps down 450)
the recoveries of the model were generally somewhat slower than in the
clean condition. For aileron-with settings, however, no spin conditions
were obtained for all elevator settings.

Extending the landing gear alone or opening the cockpit (data not
presented) had very little effect upon the recovexq characteristics of
the model.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 
L 

SCAIE 3AODEL OF THE CURTISS P-40B AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins.]

Rudder neutral spins,
Normal loading .normal loading

Against
Ailerons Neutral With Against Neutral With

Full
1 1
2

U N D U N D U N D U N D U N D U N D U D U D
Elevator e a a ab a a b b b b b b b b b b

a, deg 43 48 47 40 43 41 ---- 42 44 ---- ---- ---- ---- ---- ---- ---- 48 52 ---- -=-- ----
0, deg 2U 3U 2U 1D lU 2U ---- 1D 0 ---- ----- ---- ---- ---- ---- ---- 3U 217 ---_ __-_ ----

N

11, rps o.4o 0.45 o.46 o.38 0.50 0.49 ---- 0.49 0. 5 1 ---- ---- ---- ---- ---- ---- --- 0.45 0.47 ---- ---- ---- a

V, fps 193 189 169 213 208 181 >275 222 199 >275 > 275 > 275 >2751>2751)2751>275 189 173 >275 1 >275 >275
a

i
13 n

Turns
for 4 Co. I	 co I^ 24 co ---- 1y1- 1 ---- ---- ---- "-- '--- -°- ---- ---- ---- ---- ---- ---°

recovery c 4

>4

Rudder against spin, Landing condition, aSlightly wandering and oscillatory spin.
normal loading normal loading b,Steep spin.

°Recovery attempted by rudder neutralization
Ailerons Against Neutral With Against Neutral With

Elevator U N D U N D U N D N D U N D U N D

a, deg

N
0

s
p
i

39 46

N
0

a

p
i

--

__

--

--

N0

a

p
1

N0

s

p
1

--

-_

'-

--

N
0

a

p
i

---- --- ---- ---- ----
N
0

s

p
1

N
0

3p
1

N
0

a

p
1

Or, deg ---- --- ---- ---- ----

Arps o.48 0.49 ---- --- ---- ---- ----

V, fps 199 185 169 --- 173 173 16 9
Turns
for n ---- ---- n -- n n -- n w_-_ 12 3 4 n n n

NATIONAL ADVISORY
recovery COMMITTEE FOR AERONAUTICS



Dimensional Data

(Full Scale)

( Values are the wane for both the
P-40E and P-40F airplanes)

b,	 ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 . 37.29
L.	 ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 3 1. 60
c,	 in.	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 81.60
S,	 sq ft	 .	 ..	 . .	 .	 .	 .	 .	 236.00
A.

q 	 g
.. ......	 5.89

L.E. F aftL.E. or ,	 in.	 .	 .	 2.20
Sh,	 sq ft .	 .	 . .	 .	 .	 .	 .	 .	 48.30
Se ,	 sq ft	 .	 .	 . .	 .	 .	 .	 .	 .	 13.65
S.v ,	 sq ft	 .	 .	 . .	 .	 .	 .	 .	 .	 20.74
Sr,	 sq ft .	 .	 . .	 .	 .	 .	 .	 .	 11.76
Sr ,	 deg .	 .	 .	 . .	 .	 .	 30 R , 30 L
Sp ,	 deg	 .	 .	 .	 . .	 .	 .	 0 U,	 20 D
6a ,	 deg	 .	 .	 .	 . . .	 18	 U, 103. D

6f,	 deg	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 45 D
TDPF	 .	 .	 .	 .	 . .	 .	 .	 388 x 10-6
Landing gear	 . . .	 Conventional

zza^"

6'

Mode/ as teseed

e
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1 -SCALE MODEL OF THE CURTISS P-40E AND P 40F AIRPLANES

NATIONAL ADVISORY.
Mass Data	 COMMIT'T'EE FOR AERONAUTICS

P-!.DOE P-40E P-40E P-40F
(Normal (Est . Army ( Curtiss ( Norma 1)
loading) flight) flight)

W,	 lb	 .	 .	 .	 .	 .	 .	 . .	 .	 8011 8500 7769 8488
x/c .	 .	 .	 .	 .	 .	 .	 . .	 .	 0.286 0.286 0.290 0.255

z/F .	 .	 .	 .	 .	 .	 .	 . .	 .	 0.110 0.110 0.110 0.093
IX,	 slug—ft2 	.	 .	 . .	 .	 4903 5760 4230 5029
Ix,	 slug—ft2 	.	 .	 . . .	 7237 7827 7827 7899
IZ ,	 slug-ft	 .	 .	 . .	 .	 11,141 12,835 11,305 12,146
Test altitude, ft . .	 .	 12,000 12,000 12,000 12,000
µ (at sea level)	 . .	 .	 11.89 12.61 11.53 12.59

W (12,000 ft)	 .	 . .	 .	 17.16 18.20 16.64 18.18
IX -2Iy	

.	 .	 .	 .	 .	 . . 0_67 x 10
-4

—56 x 10-4 -107 x 10-4 -78 x 10-4
mb

IY - IZ
.	 .	 .	 .	 . . -121 x lo-4 -137 x 1,-4 -104 x 10-4 -116 x 10-4

mb

IZ -	
IX .
	 .	 .	 .	 .	 . .	 188 x 10-4 193 x 10 -4 211 x 10 -4 194 x 10 -4

mb
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ExtegLaing or retract-g the mss etXo38g %he axla 

f r m  the spirr for  the 

For the ing condition (land- gear extemdd, f w s  45' 
a l l  recovgriee Prom l e f t  sp- were tiefactory) whe 
qfw, =tisfactow mcovs.n*-eee were fined when Lhe a 
wjlth the win, or when $;he aflemw were neutm1 and the e1emtor 
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Recoveries of the model from all inverted spins were satisfactory.

For the left erect spins for the normal loading, clean condition,
the addition of a fin to the bottom of the rudder (modification 1 or 2)
or to the bottom of the fuselage and rudder (modification 3) had a
beneficial effect on the recovery characteristics of the model.

A new wing was installed on the model, and check spins were made
with the model in the normal loading and clean condition. The results
show that the left and right spins were somewhat less asymetrical than
those with the original wing but recoveries from left spins were still
unsatisfactory.

Supplementary Tests P-40E

For a series of supplementary tests, the model was changed to
simulate the P-40E airplane in the Curtiss flight loading condition.

a
The changes included a fin offset of 

2 
to the left, open cockpit,

camera, exhaust stacks, blast tubes, ventilating tubes, cowling flaps,
and a dorsal fin. (See sketch of dorsal fin.) In general, there was
little effect of incorporating the various details into the model or
of altering the loading to simulate the Curtiss flight loading. The
addition of a large dorsal fin (modification 4) had no effect on
recoveries for erect spins, although a favorable effect on recoveries
from inverted spins was obtained.

Installing a new fin and rudder (modification 5) had a beneficial
effect on both the erect and inverted spin characteristics of the model,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 
I 

-SCALE MODEL OF THE CURTISS P-40E-AND P-40F AIRPLANES

LIInleas otherwise indicated, steady-spin data are for rudder-with spina of the model in the clean
condition and recoveries were attem pted by rapid full rudder reversal from right erect spine 

P-40E Normal loading, left spin P-40E Normal loading,. right spin

Ailerons Against Neutral
With Against

Neutral Witho U Full Full 30 II, 30 D

Elevator U N D U  U U N D U N D D N D U N N D U DD
Is) (be) be bd (b) b h h (be) b

a, deg 45 45144 45 *4844 ---- --- ---- --- 43 42 40 --- 40 39 ---- 37 26 28
0, deg 2D 3D 2D 5II --- --- --- ---

--

413 4U 5II --- 1D 0 ____ ZD 10D 4D ____ ____ ____

11, rps .39 0.48 0.50 0.40 0.48 0 .50 ---- ---- ---- 0.40 0.47 0.53 ---- 0.50 0 -531---- 0.51 0.61 0.68 ---- ---- ----
V, fps 213 207 200 197 200 200 ---- ---- ---- -- 213 207 207 1 ---- 207 207 1 ---- 216 255 252 ---- ---- ----

13-

Turns 4

03
23
4

1 2 z1
2

3 ---- ---- ---- -- 11 2 21 ---- 1 12 '--- 11 1 ____ ____ ____
4 2 .4 4 4 2 4

>7

P-40E Diverted left spins, P-40E inverted right spins,
g htP-40EtimEs	 a rt a i ght fl igh t4-09 

Estimated 
marl 0I$normal loading normal loading spins and AIZ = 0.20 $= 1n-

" -ted right .ap ns
Ailerons Against Neutral With Against Neutral With Against Neutral With Against Neutral IWIth

Elevator U N I D U N D
a)

C D II N D II N D U D II N D II N D U D D N D II N

a, deg

N
o

pL

N
0

p1

N
0

P1

28 - -	 31 31 z6

N

°

a

1

- - 45 -1- 40 33

N

°

a

1

-
-
--
--

-
N

°
9

S

40 - - 33 33

N

°

a

i

-
-
--
--

N

°

a

1

39
0, deg 2D - - 6D 5D 5D - - 0 - - 0 2D IU - - 4D 3D 0 -

t265Ily 
rps .0-47

- -	 0.4610-53 0.66 - -' 0.45 - - 0.44 0.61 0.43 - - 0.44 0.58 0 .45 -

V ' fps 265 - ' 255 251 251 -- -- 200 - - a29 232 226 - - 25 1 233 229 -
1

Turn.
for

n n n
--

1 3 3 n
-- -- 3 1 1 n-

n
1 -- 3 1 n-

n f2 __ 3recovery f1 2 4 4 z 2 4 1 4

P-40F, normal loading, P-40F, normal loading, P-40F, AIg and AIZ = P-40P, AIg and AIy =
left spins right spins 0.20 Ix, left spins -0.20 Ig left spins

Ailerons Against Neutral With Against Neutral With Against Neutral With	 Against Neutral With

Elevator U I 	 N I	 D U N D I	 U I 	 N D U D U	 D U D U D U N D U D U D U N D D D
a b b d

a, deg 43 157 154 60 58 56 58 154 143 40 40 37 137 -- -- 58 57 58 - - 59 55	 59 58 57 - - 51 39
0, deg It 1	 0 0 3II 2II 2II 5II 5II 6II 3II 4II 4D 1 2D -- -- 0 0 2II - - 5U 3II.	

III
1D 4II - - 5II 6II

' rps 420.49 50 D.45 0.50 .50 )-44 0-50 10.5 1 DJ42 54 440.59 - -- -45 -51 0.45 - - 0.440.50 0.45 -50 •43 - - --------
V , fps 207 182 176 182 182 176 176 176 187 226 207 2291 213 -- -- 191 182 195 - - 197 188 182 179 188 - - 203 195

Turns

11
i 51 w 4 -51 6 33 3 23 14 21 1	 1^ -- 4 7 41 - 12

1
42

412
03 31 - - --- l21

recovery 24 2 2 .4 4 2 4 2 6 2 2

P-40F, AIy and AIZ = P-40F, AIy and AIZ = P-40F, landing condition, P-40F landing conditio

0.25 Iy, left spins -0.20 Iy, left spins normal loading, left spins normal loading, right
spins

Ailerons Against Neutral. With Against Neutral With Against Neutral with Against Neutral With

Elevator U D II N D U D II N D U D U N D II N D U N D II D
(d)

N
be(d) (d

a, deg 60 61 60 1- - - 52 61 54 61 - - 59 56 59 59 57 -- --- j 55 56 53 52 42146 45 - ---
0, deg 0 111 3U - - - 4II 0 ID 2II - - 4II 1 2II 0 0 0 --- --

III
5II 4II 3II 3II 2II ID - - --

f, rps 0.41 o.46 o.41 - 0.44 0.49 0.56 0.50 - - •49 .56 1Q45 .50 .50 .45 .50 .50 . 0.51 .51 D.3910-50 0.40 - - ---
v, fps 188 176 185 - - -- _185 185 185 185 - - 19411821176 173 173 176 176 173 176 176 176 194 182 197 - _ __^

Turns
14

recovery
34 oo' 4 - - -'

2 4
34 >4 - >4 5Z E

co m tot 164 co 54 54 k6
2 74 1A2

aSteeper spin occasionally obtained: wandering and oscillatory spin,
bSteep spin, high rate of descent,

0
Wandering and oscillatory spin, 	

NATIONAL ADVISORYe Recove ing spin,	
COMMITTEE FOR AERONAUTICSRecovery attempted by simultare pus reversal of rudder and elevator,

fRecovery attempted by neutralizing the rudder.
90scillatory spin,
h Two t-nes of spin.
i Steeper spin also occasionally obtained, oscillatory.

i Steener spin also obtained occasionally, recovery probably rapid.
kModel goes into an inverted spin upon recovery from an erect spin.
1 11sua1 observation,
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SPIN DATA OBTAINED WITH THE 
1

SCALE HODEL OF THE CURTISS P-40E AND P-40F AIRPLANES - Concluded

(Unless otherwise Indicated, steady-spin data are for rudder-with spins of the model In the clean
condition and recoveries wore attempted by rapid full rudder reversal from right erect spins]

P-40F, modification 1. P-40F, modification 2,
P-40F, right inverted spins,gh	 P normal loading, left normal loading,

normal loading spins left spins

Aileron Against Neutral With Against Neutral Against Neutral

Elevator II N	 D U N ID I	 D	 N D II N	 D U N D II N	 D U	 N D
(	 ) (c)

a, deg 27 -	 28 29 -	 - 32	 - 26 ---- - ---- ---- ---- --- ---- - ---- ---- - ----

0, deg 3U -	 8U 2D - - 5D	 - 4D ---- - ---- ---- ---- --- ---' - ---- ---- '_°'

11, rps 0.50 - 0.62 D.49 - - 0.46 - lo.68 ---- - ---- ---- --------- ---- - ---- ---- ' ----

V; fps 304 -	 239 272 - - 239 - 272 182 -	 176 176 176 173 182 -	 176 176 - 173

Turn
I -	

LZ

z
- - ---- -

4
,- -	 5 z4 3 4

1

21
-	 3=, i	 - 3

4recovery

P-40F modification 3.
P-40F, normal loading, P-40F, normal loading,

normal loading, left spins
check spina with new wing, check spine with new wing,
left spins right spin

Ailerons AE;ainst Neutral With Against Neutral With Against Neutral With

U D U D U D U D U N D UU U D N D
Elevator A DD )

d bd bd

a, deg -- -- ---- --- ---- --- ---- 59 61 60 - - ---- ---- 5 1 53 44 - - ---- ----

0, deg ----- --- -- --- --°- ___ '_-_ 0 ID 4U - - ---- -°-- III 2U 3D - - ---- ----

Sl, rps -- ---- 0.45 0. 50 .0 -45 - ------ ---- 042 0.50 0.43 - - ---- ----

V, fps 179 173 185 179 185 179 188 179 185 - - ---- ---- 2o7 182 226 - - ---- ----

1
Turns
for 21

4
2
4

2 2^
4

21
4

k2^
4

3 414
31
2 '--°'- °---

2
1 m 1f

4 - ___` -___
recovery 34

NATIONAL ADVISORY

aSteeoer spin occasionally obtained: wandering and oscillatory spin. 	 COMMITTEE FOR AERONAUTICS

bSteep spin, high rate of descent.
cWandering and oscillatory spin.
dWanderi 'ng spin.
eRecovery attempted by simultaneous reversal of rudder and elevator.
fRecovery attempted by neutralizing the rudder.

90scillatory spin.
hTwo types of spin.
i Steeper spin also occasionally obtained; oscillatory.

J Steeper spin also obtained occasionally, recovery probably rapid.
kModel goes into an inverted spin upon recovery from an erect spin.

L Visua1 observation.
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Dorsal fin used in supplementary tests
fdn?o-3 SA sa ft_ lfI _wa/I

,Modification /, 2, 3 Mod1flcatio"4
P-40 E

¢ rudder hind

Modification 5
P-40E A4- 	 rudder hinge (new

rudder hinge (o/d)

Hor.	
I'	'ef.line-4 	 _

NATIONAL ADVISORY
COMMEE m MOWKW.S
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P-40E SUPPLEMENTARY TESTS FOR THE CURTISS FLIGHT NORMAL LOADING CONDITION

Test condition Control settings a, deg deg V, fps Turns for recovery

AIL erona

'Rudders

Elevatorinitial final

Clean' • condition
(Dorsal fin No. 1)

Against 30W 30A 3OU 47 3U 207 1

Neutral 3OW ------- 30II	 c ------_r ------- >374 -------------------

With 3OW ------- 3OU (b) ------- ------- ------- -------------------

Against 40W 20A 20D 51 3U 201 4

Neutral 30W 30A 20D 45 0 213 2

With 401 _______ 20D (b) _______ _______ _______ ___________________

Nro-spin fin attached on inboard wing
(Dorsal fin No. 1)

Neutral 4OW 20A 0 68 0 166 ao

mPro-spin fin attached on inboard wing
and modification )y

Neutral 40W 20A 0 65 2U 170 00

Modification 5

Neutral 3OW 30A 3OU 48 4D lg	 p9

Against 30W 30A 3OU 40 3U

With 30W 30D	 (b) ------- -------

k229

----------------

With 30"41 ------- 20D (b) _______ _______ ___________________

Against 30W 30A 20D 50 3II  3 
3

Inverted Spins
(Dorsal fin,No. 17

ainst 3OW 30A 30D 25 6D  1

Neutral 30W ------- 2OU (g) 28 lu 291 -------------------

With 30W ------- 20U (c) ------- ------- ------- -------------------

Neutral 40W 20A 0 ------- ------- 220 2

Inverted spin, mpro-spin fin
- No. 1 attached (Dorsal fin No. 1 Neutral 40Fd 20A 0 56 1U 176 m

Inverted spin, npro-spin fin
No. 2 attached (Dorsal fin No. 1) Neutral 40W 20A 0 36 3D 195

,+1^

Inverted spin, °pro-spin fin
No. 3 attached (Dorsal fin No. 1 Neutral 40R' ------- 0 ------- ------- 176 -------------------

Inverted spin, mpro-spin No. 1 attached
modification 4 added Neutral 401^. 20A 0 44 BU 168

1
22

Invertedspin, propeller rotating
(Dorsal tin No. lj

Neutral 40W 20A 0 36 0 220 1

Inverted spin, propeller locked
(Dorsal fin No. 1)

Neutral 40W 20A 0 45 lu 204
1

Inverted spin, modification 5

Against 3OW ------- 20U N o	 s p i n

Neutral 3OW 30A 20U '26 2U 304

With 30W 30A 2011 (c) ------- ------- 261

With 30W 30A 30D ------- ------- 288
tl

b Steeper spin occasionally obtained: wandering and oscillatory spin. 	 COMMITTEE FOP AgMtAUTICS
Steep spin, high rate of descent.

cWandering and oscillatory spin.
dPandering spin.
'Recovery attempted by simultaneous reversal of rudder and elevator.
'Recovery attempted by neutralizirg the rudder.
90scillatory spin.
Two types of spin.

) Steeper spin also occasionally obtained, oscillatory
kSteeper spin also obtained occasionally; recovery prob%bly rapid.
,Model goes into an inverted spin upon recovery from an erect spin.
Visual observation.

m21 inches high x 115 inches long.
021 inches high x 45 inches long.060 inches high x 100 inches long.
PTurns for recovery obtained by releasing the rudder.
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SCALE MODEL OF THE REPUBL IC YP-43 AIRPLANE
12

Dimensional Data

ze ele V hinge---	 491-

(Full Scale)	 -A
1732

b, ft . . . . . . . . . . . 36.00
L, ft . . . . . . . . . . . 28-48

c, in. . . . . . . . . . . 74.57
S, sq ft . . . . . . . . 223.73
A. . . . . . . . . . . . . 	 5-80
L.E. Faft L.E. Or, in. . . 8.o4

Sh, sq ft . . . . . . . * - 34.67
Se, sq ft (inc. bal.) - - - 15-52

Sv, sq ft o . . . . . . . . 19*47

Sr, sq ft (inc. bal.) . . . 9-50

Sr, deg - . o 9 -	 30 Rp 20 L

6e, de g * . * . .0	 30 U, 20 D
6a, deg e * . . * 27-5 up 22-5 D

6f, deg .	 . . . . . . o 50 D

TDPF. * . o . o . . . . . . . 0
Landing gear , 	 * 9 Conventional

B2

lov"

a :/---

Model as tested.

Mass Data
NATIONAL ADVISORY

Normal Loading	
COMMITTEE FOR AERONAUTICS

WJ% lb . . . . . . . . . . .	 6900
x/cF . . . . . . . . . . . . 0.250
z /t. . . . . . . . . . . . . 0.069

ix, slug-ft2 0 t 6 V . $ . 3439

ly, slug—ft 2 . . 0 . . . 0 57690 
2

I , slug-ft	 . . 0 .	 0 8557

Test altitude, ft . . . - - 5000
t.t (at sea level)	 . . . . .	 11.2
IA '(5000 ft ) . . . . . . . .	 13-0
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Rey	of Mode. Test Results

For the landing condition (landing gear extended, flaps deflected
500), recoveries by rapid full rudder reversal were unsatisfactory from
all spins.

Results of the inverted spin tests indicate that recoveries would
probably be satisfactory*
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SPIN DATA OBTAINED WITH THE 1=SCALE MODEL OF THE RE P umic YP -43 AIRPLANE.

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spins]

Normal loading &ix and AIz = 0.20Z &I	 and AI7. = -0.2011

Ailerons Against Neutral With Against I	 Iveutral 'Ni th Against Neutral With

Elevator U F D U 19 D U I	 N	 I D U N D U N D U N I U
a

I ( I I I D U I D
b be

a, de, --- 71 77 63 --- --- --- --- --- --- --- --- --- --- --- --- --- ---- ---- ---
0, deg in

8^]82
0 --- 31)_LD 3D --- --- --- --- ---

--- --- --- --- --- --- --- --- --- ---

:Q1 
rps O-612-_6M.Z _7_-_- --- '-- --- --- --- --- ---

V, fps 121 118 121 121 11 118 jZZ j 121 2L_4 li 128 115 128 118 115 119

Tna0
recoverv.

co co 03 00.
ac

oc co 00 00 OD cc co
00 --- --- 00 co 00 OD OD --- M

Axy and aiz = 0.20iy AI y and AI Z = -U - 131y Lending gear extended, normal loading

Ailerons Against Neutral I	 With Against Neutr el

I 

With Against Neutral With

Elevator U F D U N D j ( U I
a a

( N )
a

( D I U N D U N I	 D U N D U N D U I	 N D U
U)

N D

a, deg --- --- ---- --- --- --- --- --- 61 --- --- --- --- --- --- 75 --- --- --- --- --- --- ---- 59

—

54

0, deg --- --- --- --- --- --- --- --- 6D --- --- --- --- --- --- 3D --- --- --- --- --- -- --- --- ---- 5D 6D _
Arps --- --- --- --- --- --- --- --- 049 --- --- --- --- --- --- 0-59 --- --- --- --- --- --- --- --- ---- - ̂ L_u L_2
V, fps 121 --- 118 118 115 1 59 1 5 0 146 115 115 118 11 5 --- --- 1 31 121 127 123 121 1 121 118 115 118 ---- 150 150
TurnsTurf 

or 0) ---
I

1>6 0, 00 co co co 6 61
recover y

1---
21

Lending condition, normal loading Inverted spins, normal loading Modification 1, normal loading

Ailerons Against I Neutral I	 With AgainstAge, Neutral With Against Neutral with

Elevator U F D U N

D
D U N D

U

Ufhi h
I ( N I D	 U ,

I 
h Nhl Dfbl U

fal
N D U N D U N D UtaA N D

a, deg --- --- --- --- --- --- 60 --- --- ---- ---- ---- ---- ---- --- 35 1 30. 5 --- --- 58 58
0, deg --- --- --- --- --- --- 4D --- --- ---- ---- N	 ---- ---- ---- --- .4U 6U 5 --- --- 0 0 5D

11, rps --- --- --- --- --- --- OJ41 --- --- ----

----

---- 0	 ----

p ----P

---- ---- --- 0.50 o.62 D-3 049 --- J2 0.43  0

V, fps 1,18 118 118 115 112 112 15 C 140 1 3 1 ---- ---- 175 188 188 15 1 1 1 1 IL3 19C
Turn 8for co

I - I - I -

cc

. I no
>9

I	 I

>7 >7
I

--- --- ---

1 1- 1
2

1
2i 2

1
21 ZIrecovery

7"t

.

.

2

I

1 2 2 2 2

-

22̂
-—Horizontal tail surface raised

18.6 Inches. normal 104SAng—
"Wandering spin.	 NATIONAL ADVISORY

Ailerons Against I	 Neutral With bVelocity too high to test, steep spin.	 COMMITTEE FOR AERONAUTICS

00sc111atory and wandering spin.U N

—

D U N D U N DElevator (a) dRecovery attempted before final attitude attained.
V, fps ML 53 143 W3 1561143 143 1 5 6 1531146

Turnsfor >2 >4 >4 >4 >4 >6 >4 >4]>5
recove

Modification /

Horizontal tail raised
18.61 inches and areas
A and 8 added.

Ground

line

B

Area	 ft.
(	

P;smi." offal/ 14.50
A =3.74 sq	 wheel extenoled

Area B- Z58 sq. ft.
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-L -SCALE MODEL OF THE REPUBLIC P-4 AIRPLANE

Dimensional Data

(Full Scale)

I./, ft	 0	 d	 .	 .	 * 4	 ®	 C	 4	 -	 M	 38.00
L, ft	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 27973
F, in.	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 74.56
S, sq	 ft.	 .	 .	 . .	 .	 .	 .	 .	 236.00
.A	 . .	 .	 .	 .	 .	 . .,	 .	 .	 .	 .	 .	 6.12
Sh, sq ft	 .	 . .	 .	 .	 . 40.14
Se, sq ft	 .	 . .	 .	 .	 .	 .	 .	 18.65

Sg, sq ft .	 .	 . .	 .	 .	 .	 .	 .	 19.24

Sr , sq ft . .	 .	 .	 .	 .	 9.25

6 r„ deg .	 .	 . .	 .	 .°	 30 R, 30 L

6 e , deg	 .	 .	 .	 . .	 .	 ®	 30 U,	 20 D

6 a , deg	 .	 .	 .	 . .	 27.5 U, 22.5 D

8p, deg	 .	 .	 .	 . .	 .	 .	 .	 .	 ..	 40	 D
TDPF.	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 0
Landing gear	 . . .	 Conventional

26

T.LQE;4
 hinge

Mode/ as tested.

Mass Data

NATIONAL ADVISORY
Normal Loading	

COMMITTEE FOR AERONAUTICS

W,	 lb	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 8705

x/F .	 .	 .	 .	 .	 .	 .	 . .	 .	 A	 .	 0.260

z/c .	 .	 ..	 .	 .	 . .	 .	 .	 . 0.104

Ix, slug-ft2	.	 .	 . .	 .	 .	 .	 4903
Iy,	 slug-ft2	 .	 .	 . .	 .	 .	 .	 8130
IZ,	 slug-ft2	 .	 .	 . .	 .	 .	 11,819
Test altitude, ft . .	 .	 .	 10,000
µ (at sea level)	 . .	 .	 .	 .	 12.68
W (10,000 ft)	 .	 . .	 .	 .	 .	 17.19
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Resume of Model Test Results

For the normal loading ,, clean condition., the model would not
recover by rapid full rudder reversal for amy aileron-elevator settinge
From elevator-up spins the model would also not recover by simultaneous
reversal of both the rudder and elevator (data not presented).

For the landing condition (flaps 400 down and landing gear extended)
recovery by rapii.full rudder reversal could not be obtained for
control configuration (data not presented) .

For the normal-loading condition the model would spin inverted only
when the controls were crossed. With the rudder set against the spin

e model would not spin inverted for any control configaration.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPTN DATA OBTAIIED WITH THE 20-SCALE YODEL OF THE REPUBLIC P-44 AIRPLANE

Ieas otherwise Indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal Crom right erect spins 3

Normal loading Normal loading, rudder against spina Inverted spin, normal loading

Ailerons Against Neutral 7;ith Against Neutral °11th Against Neutral With

Elevator U N D TT N D TT

a
N D U N D U N D L N D U

No

p
1
n

N

0

p
1
n

D

0

p
1
n

U

0

p
i
n

N

0

p
1
n

D

0

p
i
a

U N D

0. deg --- - ° -- --- 80 -'- -- __ -°--	 °-- I ---	 -- -- ---- ---- ---- --- --- --- 43 40 31

er,	 deg -'- --- '- °-- 1D --- -- -- --°	 --- ---	 ---- ---- ---- --- °° _° --_ W 3U 5V

11, "a --- '-- '- --- .79 --- -- -- ---	 --- ---	 ---- ---- ---- --- --- ---- '-- 0.48 0.50 .62

P, frs 136 136 132 136 132 132 -- 13 140	 144. 140 140 14;.4 132 14 --- 162 165 213 215 254

.aurae
for co w OD m w 00 -_ w 0_	 ___ ___	 ____ ____ ____ ..__ ___

recover
Effect of increasing the tail length 414 inches on turns

P ffect of changes in tail design on turns for recovery, ailerons for recoveries for various loading conditions
neutral and elevator	 up unless otherwise indloated , normal loading and design changes

Turns Turna Turns
Modification V, fps for Modification V, fps for Yodel condition Ailerons Elevator V, fps for

recovery recoverZ recove

1 150 m 8 161 04 Normal loading Neutral U 144 m

2 ----- (a,b) 9 156 °' ------ do------- ---do.--- N 138 0

------ do------- ---do.--- D 138
co

__-
3 148 co 30 --°---- (d)

with D

4 169 21 11 ------- (ab) ------- Against D 142 OD

4 161 ` m 12 167 00 e.g. movedforwart Neutral U 14C CD
8 percent W.A.C.

5 .167 41 13 136 ° Co.
------ do-------- ---do. -°' D 142

m

6 167 X52 13 132 0 CD
Normal loading,

modifioation	 6 ---do.--- N 136 'aTail cone removed
aft of elevator

anar
138 w 13 136

f

------do.------ With N (d) --------
°7 150 w 14 116 m

------ do------- Against N 140 m8 173	 1 23 , 33 14 116 g w

Horizontal tail surfaces raised Horizontal tail surfaces raised 35 inches aOscillatory and wandering
25 inches(full scale) modification 15, (full scale)	 modification 16, normal loading -spin.

normal loading bSteep spin.
°Elevator	 neutral.
dVelocity too high to test
eAilerons with elevator

Ailerons Against Neutral With Against Neutral With

Elevator LT N D U N D U N U N D U N D U N D
(ab) (ab ) b f neutral.

Aklerwie against, ale valor
neutral.

gElevator	 down.

n, deg 41 46 45 48 50 45 ---- ---- 43 39 38 44 38 .33 ---- ---- ----

(r, deg 10 3U lU 0 4L ---- ---- 2U 2U 3L 4D 2D 4D ---- ---- ----

042 0.48 0.48 0.40 0.50 0.54 0 0 .71 ---- °--- - 
- -_ hFor these tests normal c.g.

JL rps 0.46 0.50 ---- ---- .39 0.55 was at 0.28'c

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

V. fns 211 189. 191

L3^3

184 199 ---- °-°- 219 205 209 211 211 236 ---- ---- ----

for 23r3 1
1

14 ?4
_--- ---- 1 

1
1 12 1

1 	 4
1
1

121 2 ---' -
----

recovery
r4 2 2
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NATIONAL AtIVISORY
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Dimensional Data

(Full scale)

b, ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 34.33
L, ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 300.17
F, in.	 o	 .	 .	 .	 . a	 .	 . 78.98
S, sq f t	 .	 .	 .	 .	 . .	 .	 208.00
A . .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 5.67
L. E- 'Taft  L.E. Cr -	 -	 -	 7.20
Sh y sq ft	 .	 .	 .	 .	 . .	 .	 . 39.40
Se, sq ft	 .	 .	 .	 .	 . .	 .	 .	 12.90

Sv y sq	 ft	 .	 .	 .	 .	 . .	 .	 .	 17.11
Sr, sq ft	 .	 .	 . .	 -	 9.80

8ry deg	 .	 .	 .	 .	 -	 . 30 R, 30 L

8 e , deg	 .	 .	 .	 .	 .	 . 30 U, 20 D
say deg	 .	 .	 .	 .	 . 24 U,	 11.5 D

6a-? (1/2 stick) .	 10 U, 7 D
8f, deg..	 .	 .	 .	 .	 . .	 .	 .	 45 D
TDPF .	 .	 .	 .	 .	 .	 . 546 x 10-6
Landing gear	 .	 .	 . Retractable

Mass Data

zo. sa"

t 

Model as tested.

TL.

.2'
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1/20-SCALE MODEL OF THE CURTISS xPm46 AIRPLANE

NATIONAL ADVISORY
Normal Loading	 COMMITTEE FOR AERONAUTICS

W,	 lb	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 6,750
x/c'	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 0.261
z`c .	 .	

.g	

.	 .	 . .	 .	 0.063
IX ,	 slug-ft2 	.	 .	 .	 . .	 .	 3,285
IV 	slug-ft2 	-	 -	 .	 . .	 . 5,540
IZ ,	 slug-ft2 	 3	 .	 .	 . -	 .	 81550

Test altitude,	 ft	 .	 . .	 10,000
µ (at sea level)	 .	 . .	 .	 12.35
U , 	(at	 10,000 ft`	 .	 . .	 .	 16.72

IX - Iy . . . . . . . --91 x 10°4

mb2

Iy - IZ . . . . .. . .122 x 10-4

mb2

IZ - IX . . . . . . . 213 x lo-4

mb2
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Reese of Model. Test Results

Movement of the center of gravity forward 0.056 or back 0.055
from its noel position had little effect on the recover y charac-
teristics of the modelg

Opening the slots, for the model in the norml loading condition)
generally expedited recoveries for the aileron-against and aileron-
neutral spins. 1cwering the flaps 450 generally had a detrimental
effect upon the recovery characteristics of the model ,,, particularly
for elevator-down spins.

For the lending condition (slots opens lending gees and tail
wheel extended, cockpit open, and flaps 450 d ),, the spine obtained
were flatter and recoveries were somewhat slower than for the nornal
loading.. clean condition.

The results of brief tests of the model indicated that for the
noel loading condition, there vas Little effect of opening the

to
cockpit. of extending the landing gear, or of offsetting the fin
on the recovery characteristics of the model.

Pecoveries from inverted spine were satisfactory by rapid fall
:udder reversal.	

NAT'IO'NAL ADVISOPY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 20-SCALE YODEL OF THE CURTISS XP-46 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Normal loading aIX	 and	 aIZ = 0.2O I X &IX	 and	 GIZ = -0.20 IX

Against   
Ailerons Neutral With Against Neutral 141 th Against Neutral With

Full 20°U, 70D

U N D U N D U N D U N D U N D U I N D U N D U N D U N
Elevator a b e b b
a, deg --- 38 36 41 39 38 29 41138 - - 36 36 32 31 4U 36 - - - 37 41 38 32 38

de - 40 4U lU 3C 3U G 1D 0 - - - 3D 4U 5U 0 lU lU - - - 2U 3U 2U 1D 0

52. rps 0..42 .520.56 .42 .51 .54 .40 0.51 0 .55 - - •420.520.560.430.48 -57 - - - 0.40 50 "53 :42 0.5

f

V,	 fps 214 195 0l 2181)5 199 240 189 199 - - - 218 201 207 230 199 205 - - - 205 187 191 218 197

Turns 1
11

11
g

L
22

1
2 1 1 1 1for 22 3.

24

1
12'

1
22

1

3rL
c 1

_
-

14 2 2 12 2 3 - - -
,^

12 22 )12 14 2
recovery c d24 d

 
>,j
>72

doe
ro

aIY	and	 6IZ = 0.20 Iy aIY	 and	 AIZ = -0,20 Iy e.g. moved forward 0.05E

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U N	 I D U N L U N D U N D U N 1 U N D U N p U N D U N D
(e) (e) (e)(b) (f) (b) e (g) b)

a, deg 40 38 37 - 40 34 - 36 341 321 32 35 34 - 33 --- 31 34 1	 35 - 311 31 - 43 -

0, deg 4D 4D 4U - 1 lu - 6U 6U 7U 1D lU lU - 2D --- lU 3U 3U 0 0 - 5D -

n, rps 0 .38 .47 •49 - 0.510.5 2 - A - 0.490.58 0.65 •49 0.59 o.66 - o.65 o.67 446 0.57 0.61 - o.61 o.62 - 0.51 -
V,	 fps '05 193 197 1	 - 189 zO - - 218 207 207 228 205 197 - 211 207 234 218 211 - 226 214 - 189 -

Turns
for 11̂ 2j 31̂ - 2 22 - - 1 12 lZ1 2 1 2^ 2 1 2z 24 - 1f 2L - 2 -

recovery 2
2

2

e.g. moved back 0.05c Slots open, normal loading rlaps down, normal loading

Ailerons Against Neutral ..I th Against Neutral With Against Neutral Witn

Elevator U N D U N D U N D U N D U N D U N D U N D U N D U N D
(a) (e) (e) (b) (e) (e) (b) (e) (e)

a , de g 32 37 3 32 34 - 40 43 --- 49 42 3 42 42 43 48 46 44 - 43

0, deg 4U 2 6 0 1D - - - 0 2 --- 6 4D 3 - - 3U 2U 2U 1D 1D lu - 3D

,n,	 rps .38.49 -53 - 0.53 •56 - - - - - •480.520.38 .500.62 - .1.0..0 0. 47 0 . 49 .41 •48 0.49 - - 0.48
V,	 fps 238 205 203 - 220 207 - - - 187 17 187 187 181 22 - - - 181_173 175 175 171 177 - - 185

Turns
for

1 1
12

1
2Z 1

1
2k - - -

1
12

1
0.2

1lz
14. 1 -

1
1Z

1
34

1
44 z 2 4 - 32

recove ry 2 1

Landing condition, Inverted spins ,	 normal loading. aSlightly oscillatory spin. 	 NATIONAL ADVISORY
normal loading bVelocity too high to test.	

COMMITTEE FOX AE6tMUTKI

cRecovery attempted by simultaneous rudder and
elevator reversal.

dRecovery attempted by neutralizing rudder.

Ailerons Against Neutral With Against Neutral With

Elevator U N D U N I	 D U N D U N D U N D U N D
e) e h h b b e0sc111atory and wandering spin.

£Wandering spin.
gSteeperspin also obtainable.

hl9andering, oscillatory, andsteep spin.

46 44 °-- --- 46 43 - - N

0
N

0

36 - - 44 3 8 44 27

3D 2D --- --- 6D 6D - - - 7U lU 10D 4D 5D

0. 39 3. 46 447 --- 0.45 •49 - - - s
p

a

p

0.58 - - 0.61 0.46 0.51 0.83

qdeg
181 171 173 173 169 165 - - - 250 - - 2 3 6 234 205 272

21 2 5j 1 22 3-- n n
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20 -SCALE MODEL OF THE REPUBLIC xP-478 AIRPLANE

Dimensional Data

(Full Seale)

b, ft	 .	 R	 .	 q	 R	 R	 q P	 H	 q R 40.78

g
L $ ft	 H	 .	 H	 P	 H	 . .	 9	 . . 335- 34
big in.	 m	 R	 R	 a	 q	 a H	 R	 P H 87-46

S, sq	 ft	 Q	 .	 .	 .	 q $	 .	 q 300.00
A. H	 R	 R	 E	 g	 R.	 q R	 H	 R P	 5.54
L.E. tr af't L.E. orp in.	 . .	 8.70
Sh , sq	 ft	 q.	 q	 R. H	 R. R 55.00

Se g sq ft	 a	 .	 .	 R	 H .	 q	 . q	 18.19
Sv, sq ft	 g	 R&	 q	 R 8	 q	 R 9 2650

Sra sq	 ft	 .	 a.	 .	 .	 R v	 gy	 R 10®86
b ye,S

deg	 .	 g	 P	 H	 H	 R H	 30 R, 30 L
be ? deg	 d	 q	 R	 H	 q	 P H	 30 D, 20 D
5 a,* deg	 H	 .	 P	 H	 . 27.5 D$ 22.5 D

bap deg (1/2 stick) 13 U",	 12 D
6f q deg	 H	 q	 R	 6	 H	 R H	 q	 R H	 40 D

TDPF	 R	 d	 g	 R	 q	 P H	 160 x 10`"6
Landing gear Conventional

e%y hinge

.36 x/.23"	 i	 5.30-

	

`L.f. /Yap	 352"

	

10 oi/ewon hinge	 ----

-2.46'	 -

6°

/3..43/.04"
	

/.22

Zd ^^	

4/0"

incidence	 rudder
hinge

Mass Data 
Model as testes',

Formal Loading

W, lb H K P H& P H. P ..	 11,s6o

x
&.	 R.	 q..	 R	 e.... 0.259

z/'	 H	 ®	 IC	 R	 R+	 H	 H	 k	 H

lxs	 slug-f''t2 	"	 ®	 q	 R

R	 d	 H 0 057
.	 .	 13$867

ly, slug-f t2	 n	 e	 R 13,047

1z ' slug-ft2 	R	 R R	 R	 25, 841
Test altitude, ft .	 . R	 .	 10,9000

(at sea le vel)	 R R	 R	 12.65

^g	 (10,000 ft)	 R q	 1713

Ix — I
	

i L x in-4R H	 R R G5 H M
m b2

ll'1z
2 
	 —210 x 10-4

mb

1Z1X q q. g R H H' 196 x 10-4

rra b2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

Retracting the mass along the wings	 and AIZ = -0.37 IX

caused a reversal of aileron effect. Extending or retracting mass
along the fuselage (
	

and AIZ = tO.20 Iy) had. little effect on

the spin recovery characteristics

With the flaps down 400, normal loading, satisfactory recoveries
were obtained only when the ailerons were set against the rotation.
Retracting mass along the wingsLly and AIZ = -0.37 IX in

conjunction with deflecting the flaps 40 0 caused satisfactory recover-
ies to be obtained only when the ailerons were set with the spin.

The results indicate satisfactory recove7 characteristics for
the model for inverted spins

The addition of a ventral fin to the model (modification 1) was
beneficial although recoveries from aileron-with spins, normal loading,
were still unsatisfactory. Raising the horizontal tail 10 inches,
full sca.l.e, in conjunction with the addition of a dorsal fin (modifi-
cation 3) had the same effect on the recovery characteristics of the
model as did modification 1.

In an attempt to improve the recoveries fr=om spins of the model
with the flaps down 40 0, normal loading, tail modifications 1 to 12
were tested ors the model. Generally these modifications were not
adequately effective.	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED Z'17E "PHE -L-SCALE MODEL OF THE REPUBLIC XP-47 B AIRPLANE
20

Cvniess ntherwisa indicated, steady-spin data are to p rudder-with spins of the model In the clean
condition and recoveries were attempted by rapid full rudder reversal from right crest spins]

Normal loading Effect of control manipulations on turns for recovary,
normal loading condition

With
Ailerons Against Neutral TT FiLU

Control Ailerons Neutral With
U N D

--

U D U U N DElevator a)

(C ) (N

(a (b) manipulations
Elevator U N D U 11 Da, deg 3838 44 42 --- 50 -^8—

0, deg 0 21)21) 0 0 --- 5D 3D 3D —
V, fps 226 ----- ---- 213 ----- ----

rps a
-

0.424,
Simultaneous full
reversal of rudder0 -55 0 -52 ---- 0-43 0 49 0.48

V, fps 22226 and elevator Turns for
recovery 1

-----
3 ----- ----201

1---201 209 --213 185---181I

2
1

4j 4 N4. 1 >4 N7 >8 Simultaneous full
reversal of rudder

and ailerons

V, fps

-----

----- ---- 213 185 181Turns to
mcovary

Is

—
Turns forA	 and 41	 020 IT,	 Z .X

Against	 Neutral	 with

U	 N	 D	 U	 N	 D	 U	 N	 D

recovery

r226

3^

AIlerona Rudder reversal 
from full with to

/3 against

V, fps 201 18 5 ---- ---- ----4
Turns for I 1 1 ---- ---- ---Elevator recovrye 2t 4j 4^

a, deg

,g

N
0

a

x
0

a

N
0

a

49 --- --- 53 52
Rudder reversal
from full with to

1/3 against

V, fps 226 201 185 ---- °°" ----
0, deg —2U ---Di

-----

-j.—

ID

Turns for
recovery

I
2̂2 8 6 - - -- --- - -----11, roe o.46 --- --- 047 ---::

-----

.	 5
-- 5

-55
t

p P p 226 ^Ol 205 201 15 518 5 I
Rudder reversal

V, fps 226 201 185 -- -- ---- ----
V, fee
—

I
n

I
n

I
nTurns

urns
f 

or 3 4 >1
^v I

from full with to
'

I—ralovory - I	 ,	 I I I I I 1

neutral
--	

al
recovery

vefor
ry ->5 Do c

c
---- ---- ----

-	 -
AIX "I 

AT	 = -0.20 I X 4Ix and 41Z = -0.37 TX 41y and AT	 0.20 1z z	 r

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U
(a

N

a

D U N D U	 N
(b I I I I I b̂ I

a
(	 I L)(a) U,fa taNA

(p2
 U N U N D

a, deg
x
0

--°° ---- 4 2

0

50	 7

7D	 II.D

47 50 ---- 5 0 ---- 52 ----
----deg -- ---- ---- --- 4D 1D ---- 0 ---- 3D

YL, rps -- ---- --- ---	 0.50 0.55 e_ --- -- -- -- 0-41 - --- 0 -49 ---- 0.46 ----
v, fps -- ---- P 226 201 199 210 1 189 1891--j 18 51 184201 1 9-3 19-3 2300- -1 9-3 189 2-2- -2- 199 1-85

Turns
for --1 -	 n--- 2	 A

2
3 5—T--5 3 - -3 1 it 4 ^^a

1

>8 1,8
recovery 1

AT	 and &IZ = -0.201 Flaps down 400, normal loading Flaps down 400, AIX and AT,	 -0-37 1,y	 Y

A116rona Against Neutral With A,.I.t N..tral. With Against Neutral With

Elevator U
(a)

N

--

D U 11 IDI D (
a
U)j X I D U I	 N	 I D ( 17

d)
N D U N D U

(a)
11 D U

(a)
K

(.)

a, deg
N

0

a
p

N

0

p

31 20 47 51 ---- --
N
0

pI

F
0

p1

---- ---- ---- 40 ---- ---- --- -- ---- --- ---- ---- ---
---

---
---

---
---0, dog ID lU N	 4D

0
0.49

 
0 - 48

2D ---- --- ---- ---- ---- 41) ---- ---- --- --- ---- --- ---- ----

11, rps 0-54 o, 78 ---- --- ---- ---- ---- 0 .37 ---- ---- --- --- ---- --- ---- ---- --- --- ---
V^ fps 70 ap	 97 _^81 -^7 -^O1 168 165 201 173 173 81 1 168 168 --- 181 173

Turns

for n n n In n I as 1 32 ---
recovery

I
I

2 4

NATIOMAL ADVISORY

aVeloolty too high to test.	
CORNITTEE FDA AERONAUTICS

boscillatory and wandering spin.
c Rapid recoveries were obtained when rudder was reversed before final steep

attitude was reached.
dWandering'spin.
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SPIN DATA OBTAINED WITH THE Z--SCALE MODEL OF THE REPUBLIC XP-47 B AIRPLANE - Concluded

[unless otherwise indicated, steady-spin data are for rudder-with spins of the model In the clean
condition and recoveries were attempted by rapid full rudder'reversal from right erect spin]

Landing condition, normal loading Inverted spins, normal loading Modification 1,	 normal loading

Ailerons

-

Against Neutral

—

With Against Neutral- With Against Neutral I	 with

Elevator U I N I D
D

D V X D VNl D U N D U N D U N	 I D U I D
(a) ( a ) (g) (6) _Lb

a, deg --- - -- ---- --- --- ---	 --- ---
N
0

p

A

N
0

p

n

N
0

p
n

---	 ----
--— N0

P

n

43 40 ---- --
N0

-
P

n

x
0

-

P

Is

--- -
--- --- --- ---

deg --- -- -- ---- --- --- ---	 --- --- --- --- 3V 4D ---- --
ij,	 rp5 --- --- o .42 o.45 ---- -- --- --- --- --- --- ---
V, fps 173 168 ---	 189 185 --- --- 234 230 ---- -- 226 229 229 238 193 193

.tor 8 >7 ---	 "' >7 0- 0- 14̂ I .- -_ 1 1 2 3 4 4
recovery

rEffect  of changes in tail design on turns for recovery,Modification 3,	 normal loading flaps down 400 , normal loading.

Ailerons Againstj Neutral With Tail modification 1 2 3 $	 1 6 7 8 9 10 11 12

Elevator U

(a)
N

(a)
I 1 (.)1 N

6)
I

(as)
U

(d)
N I

A
t

a

a'

U 112 2 2 '.-3 3 1-_2 -_-6 >2

a, deg ---- 7- 7- --- -- - 1 °>7 4 4 3 342 3--1-2 2=1 3 2 4
N0 a

r
a

t
0 D 3

1
4

1 1
2 0 3

---- -- -- --- -- --A, rps
a

PI

n

r
0
n
3

2&__ _ _?^_ 3^ 4t 3^ 2^

V, fps
—
234 266

-

-- 226 205 205 W1
U >4 ---- ---- :--3 :0 ---- ---- -- ̂ 1-3 >4 ---- 1 ^15

Turn
— —

N >5 >5 6	 1 6 5 1	 6 6;,t 1	 5 W

fors a' c
I
it

2 0 3 >3 4 4
t
h

t ---F>4 6 a4^recovery
I I I I	 ;

D
1

1 >5 1 >4 1 >71 7	
1
Ll2 -L4J4 J Lh

-
to

gNormal loading, stabilizer incidence increased ,Velocity too high to test.'
aotorY and wandering spin.aRapid roverioa were obtained when rudder was

-Against With reversed before final steep attitude was reached.
dWandering; spin.Ailerons IOU 5U Neutral

N

IOU o steop spin.8D 4D 8D (Approximate velocity for all spins 185 fps-
8Values of turns for recovery are approximate.le 25U 35

_

25 U 40U 35U U 25U
I

N D 35U 30UF Use data for qualitative estimate only.
NATIONAL ADVISORYV, fps 255 236 207 226 226 223 1 201 201 207

-
216 201 COMMITTEE FOR AERONAUTICS

Mors

`-n_

1 2 4

I

12^ 13t 4
1

2 ^1412 2

r,
32

1



Modification l

Modification 8
^Dir^esarion fu// ^f°Ca.^e)

/0.00i s

Modification 7
(Dirnenr/on fu// .rco%J
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/0.00-

Modification 2
('01wanx,10".r full aca/e)

Modification 3
3'

p,,meova', fall aca/e) / 4

/0.

Modification 4-
(Olmenr/ons fu// "Ca/e)

0rry/na/ Dos/tion -'	 01-9izcal par;

Modification 5
(D/,redrsic

position

Modification 6
wens/on fall scale)

/0.00"

^v

Modification 9
bens/on fu// rca/e)

Orr^iara/ petition J

Modifications fl
(Dll l̂le,Mrli 'n -a// .PCale)

Modification 10
^Dirrievrsio.^r fu// sc®/e)

Add/tlona/ area
jtrward of
stabilizer —\ //

^^16. -
orovi position

Modification /Z

pasrt/on

NATIONAL ADVISORY

COMMITTEE F04 AEWXAUTICS

Mote: stabilizer
,wised 10/nches.



Dimensional Data

(Full Scale)

b f ft .	 . 6	 .	 e	 .	 . m W978
L, ft & a 35w 34
r" in. 87.46
S,	 sq ft	 .	 .	 a d	 .	 .	 $	 . 300.00

A ^ 	.	 .	 .	 .	 .	 . e	 .	 .	 .	 ¢ .	 5.54
L.E. r aft L.E. or, in.	 m .	 8. 70
8b,	 aq ft .	 .	 . ®	 .	 .	 .	 . R 55.00

Se, sq ft e	 .	 ® 4	 &	 .	 .	 p m 18. 19
Sv,,	 sj ft *	 .	 s .	 A	 .	 ®	 ® ® 26®50

Sr, sq ft ®	 . .	 k	 .	 a	 $ d 1086
are deg .	 ®	 A	 . .	 .	 6	 30 R $ 30 L
8e , deg ®	 $	 ®	 . m	 .	 ..	 30 Up 20 D
6a , deg *	 o 2 7. 5 Up 22.5 D

TDPF	 4 m	 l6o x io-6

Landing gear	 .. .	 .	 Conventional.

—0 &let- kinge

.24'

NACA RM No. L7E15
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20 SCALE YDDE'L OF THE REPUBLIC P-470 AIRPLANE

'- "446 , ,

6'

13.3s-
10	

/xz 10

'c
4.i0"

1r7cidemce	 I "-Lt, -vdder

—20.06°	 dsisfge

Mass Data

Model as e'ested
onal Loadj.n.g

2 lb	 k	 12,692

X/0—
+,,^^	

. 	o s2
^pl

7
y8'

Z/b p A p 0 6 4 R B @ ^+ C. Sd 0 t5 060
Ix, aIugmft2 	 b x 	 ^ ^ 13,870

Iy $ slug-ft2 K 4	 Q	 a 15,530

IZ2 slug-ft2 m	 a	 28,300

Test altitude, ft m . A . 202000

V (at sea level)	 R b 4 13 ®55
W (20,000`fat)	 . . ¢ « . .. 18.35

Ix IY	
-27 x 10-4

mb2
ly - I	

-208 x 10-4
mb2

Iz	

y 235 x 10-4

mb
NATIONAL A0VISO Y

COMMITTEE  FOR AE RONAUTICS
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Res ' of Model Test Results

of mee along the fuselage	 and AIZ 0 *20 ly had no appreci

able effect on the unsatisfactory recovery characteristics of the mode..

Ta order to improve the recovery characteristics of the modelo
the effects of various tail modifications were Investigated (modifi-
cations  l to 8) . For the normal loading and cl.ean conditions 	 f i
cation 2 (area added to bottom of fuselage and rudder) or modification 7
(antispin fillets) appeared to be the most effective modifications

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 
20 

-SCALE MODEL OF THE REPUBLIC P-47D AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Normal loading AIy	 and	 AIZ = 0.20 Iy

Against With Against

Ailerons Neutral Neutral With
16o U 6o U 60

Full ,lo Full Full o12o A

Elevator U N D U N D U U 'ft II N D U D N D U N D U II 0P U N U N D
b (b) h h (h

a, deg 25 --- , --- --- --- 56 45 51 -- 154 53 135 152 50 27 28 0 6 -- 6

0, deg 11) --- 0 --- --- --- aD 2D 1D -- 0 0 --	 8D 5D D 1D 3u 3U 0 ID 1A 1D -- 5D 5D

rps 0,50 ---. s --_ --- -__ --- 400-40 -- 0.50 0. 0 --	 -_- 0. 0 0.	 0 --- --- -- -- --- --- --- -- --- --

V, fps 315 339 p 332 200 200 197 220 204 -- 1 1 2 --	 2 2 1 1 290 20 1 0 230 20 20 -

Turns 4 n --- 3
22 4 5z 5y 4	

>2 1 d6
7 32 54 2 1 4 5t -- 3t 3

for fg
recovery

2 2 d32 1® 1 2 a2 4dj
Modifica- Modifica- 
tion 3, 4;Modification 1, normal loading Modification 2	 normal loading+	 g normal

norm
normal

loading loading

Ailerons Against Neutral With Against Neutral With Neutral Neutral

U N	 D U 20OU N D U 2O'U U N D U	 20OU N D U N D U 20OU N U 20ou N
Elevator

a, deg 31 -	 - 4e 5 6 54 53 44 53 31 - - 60 8 2 60

yl, deg 0 -	 - 1D 0 0 0	 6D 4D 2U - - 1D	 1D  0 2D - - 1D 0 0 0 0 0

In, rps -- - --- --- --- -- --- -- --- - - --	 ° -
J1D

_

V, fps 284 -	 - 222 207 207 201 251 07 271 - - 20	 .05 a88 220 - - 2 1 201 201 1 188

Turns 2
°	 .. 2 34 >2 3 2 - - 2	 24  3 >2 - 14 3 d 1

2
2 3 3

recovery

j
3
1

4

Modifica- ica- Modifies-	 Modifica- agteep spin.t^.on 5, taon 6, t.I	 7, tion 8,
normal normal normal normal bTwo types of spin.
loading loading loading loading Nandering and oscillatory spin.

dVisual observation.
Ailerons Neutral Neutral Neutral Neutral ®Recovery attempted by simultaneous reversal of

rudder and elevator.

£Recovery attempted before final steep attitude
attained.

Recovery attempted by simultaneous full rudder

gRec

reversal and reversal of elevator from 20 0 up
to 200 down.

hWandering spin.
1Recovery attempted by rudder reversal to
2/3 against the spin.

NATIONAL ADVISORY

Elevator U 200 U N U N D U	 20P U N	 U N

a, deg 42 52 52 42 52 - 41 43 42 	39 50

deg 0 0 0 2U 0 ° 0 1D 1D	 3D 0

n, rps a-- --- --- --- --- -- -°- --- --- ---- »'..^..

V, fps 226 195 188 220 204 - 236 226 216	 238 207

2 3 14Z -^ 2 2 3	 1 >4
4 COMMITTEE FOR AERONAUTICS

Turns
for d52

d3
y2 22 22

recovery	 .. 1
2
121

2

Asbdiffc®tAcnx f, A,, d A	 Modifications 4, 5, and 6	 AWMlcatmw 7 S

(Ditneruiaarr fvp Jco^

,ore" (rVII JC019)
AW7 .37a* &.
mode ,2.g3Q•fee.



7P

aileron
hinge

Wing-tank Wing-tank
supports supports and
installed; wing stubs
no wing Installed,
stubs t eA

d^%9g tank	 6^

supports	 e 5/	 339

b, ft A -	 -	 - 4o.77 47-
L,	 ft . - A	 -	 - 33-44 33.44
T. in. .	 "	 A -46 goa6
S,	 sq f	 - A 300 360
A^^_®^^^ -5 6.22
L. R. ^3

LA	 A ars in. 8. ----------^

h, aq ft *00 Aoo
aq

ina. bal.) 18.19 18.I9
, aq ft - . 26.50 26$50

I ACA RD/i No. L7E15
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I -so
	

m oF Tim RxmLic P-47.-3o Air

Dimensional

(Full Soale)

Condition I Condition II

Sr $ sq ft

^2.A3fj
d/0°

7Z.

Opy	 trudder

20.0tS b
.burgs

Model as tested.
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-L- SC= MODEL OF THE REPUBLIC P-47D-30 AMDLAM - Concluded
20

Resumd of Model Test Results



1 ^G
roundline
line

codifications 1,2,3,4,5and6 l*o1ificaffh7s 7, 8, 9, /o, // and 02

Modiflcatlom 16,17, iB and 19
(.4rear added to both 	 ^.1 r

sides of fuseloge and toil) I 	 n i

19

Modifications /3, 14 and 15
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SPIN DATA 03TAI1TED WITH THE 
20 

SCALE MODEL OF THE REPUBLIC P-47D-5j0 AIRPLANE

Unless otherwise indicated, steady-spin data are for rudder-with spins of the modal in the clean
condition and recoveries were attempted-by rapid full rudder reversal from right erect spins.]

Normal loading, condition I, Normal loading, condition II, 	 wing Modification 2 and 5
(only the wing tank supports installed) tank support and wing stubs installed) normal loading, condition I.

Ailerons Against Neutral With Against Neutral with Against Neutral With

U N D U N D U N D U N D U N D U N D U D U D U D
Elevator a (ab) (ab) (c) (e) (b) ab ab (P) (ab)

a, deg 34 50 52 42 47 45 ---- ---- °--- 33 32 56 55 46 51 53 --- --- --- --- --- ---

., deg 0 2U 3U 3D 2D 1D ---- ---- ---- 1D 0 1D 1D 2D 2D 2D --- --- --- --- --- ---

(1,	 rp s --- 0.45 0.46 0.37 0.47 0. 51 ---- ---- ---- ---- 0.47 043 0.43 0. 35 •43 0.43 ---- ---- ---- ---- ---° -°-

V, fps 271 210 207 264 212 219 --- >37 >374 276 290 206 212 232 212 216 >375 216 276 219 ---- 232

1 1 7z12 3 11 >3 212 211 3 4 1 2 2
Turnsfor 31 41. 11 ^,1 1 >2 >3 >5 d2 >5 >10 1 11 72 2
recovery

d
2 2

dl 1^ 41
2

1 11
22Z

T

2 3 2
3_

2 4 2 d2 2 2

®

m
2odification 2, Fuselage lengthened apply 40 inches,

NATIONAL ADVISORY
wandering spin.	 COMMITTEE Fog AERONAUTICSnormal loading, condition II (full-scale) normal loadiition II
b0scillatory 1n pitch and yaw.
°Velocity too high to teat.
dRecovery attempted by simultaneous
reversal of rudder and elevator.

Ailerons Against Neutral With Against Neutrpith

Elevator U D II D II D U N D U N D N D
f) (ab) (f) b). *Recovery attempted by elevator reversal

alone.

(Steep spin.
a,	 deg ---- 48 37 48 ---- 42 ---- ---- ---- ---- ---- ---- ---- -- ----

0, deg ---- 2D 3U 0 ---- 2U ---- ---- ---- - - ---- ----

11. rpa .42 .45 0.43 ---- 0.45 ---- ---- ---- ---- ----

V, fps >370 216 z78 220' ---- 223 >370 325 320 --°- 272 291

Turnsfor 4
212 >2 41 >2 32 ff 21 1 >2 3 2recover y3 42 4 -

17



Dimensional Data

(Full Scale)

2
C
9NACA RM No. L7E15

I -SCALE MODEL OF THE GRUMM XP-50 AIRPLANE
N5

bg ft o 42.00
Ls	 ft	 .	 .	 .	 . 31 .94

-t aileron hinge
.70% .21 .70" 31 56

a-,	 in * 	.	 .	 .	 .	 . .	 .	 .	 .	 88o52 - T41

S $	 sq ft	 .	 .	 . .	 .	 .	 3oi') -50
A.	 .	 .	 .	 .	 .	 .	 . ^	 5.83

L. E. 6' aft L E. cr^ i7i.	 y	 .	 0.00 flap hinge

Shl	 sq fte	 h .	 .	 .	 .	 54.60 32-

Sep	 sq ft .	 .	 .	 .	 .
Sv,	 Sq ft	 .	 .	 ®	 .	 .

.	 .	 .	 .	 22.00
®	 .	 .	 . 30.20

—2 0. 16

Sg ,	 sq ft	 .	 A m	 15.20
6rs	 dog	 .	 .	 .	 .	 .	 z A	 30 R, 30 L
6e,	 deg	 .	 .	 .	 .	 .	 . .	 30 U, 20 D
6a,s	 deg	 .	 .	 .	 .	 . 20.5 U,	 17.5 D

6.40"—

Say deg (1/2 stick) A	 b 10 U, 9 D
/®. ,21 	 v1

bt,	 deg	 .	 .	 .	 .	 .	 . .	 .	 45 D .60,

TDPF	 -	 -	 d	 .	 .	 . . 2410 x 1.0
-6

Landing gear	 .	 .	 . .	 .	 Tricycle TL
.19"	

grudder
hinge

Mass Data	 Model as tested.

Normal Loading

W,	 lb	 w
x/0 -	 -	 ^	 ^	 .	 .	 .	 .

10,Ld4D

.	 .	 0-205r
Ix — ly	

108 x 10-4s	 n

ZAT -	 -	 -	 z	 ^	 -	 -
Ix, slug-ft 2	 .	 .

—0.055
13,793

mb2
1	 1 z	

.	 .	 .	 .	 .	
-238 x io

— 
y

ly, slug-ft 2 7$82 ;b2

I Z ,	 slug-ft
2
	e	

.	 . .	 .	 .	
21,210 !L:2A	 . . . . . .	 13 o x 10-4

Test altitude, ft .	 .	 .	 13,000 mb2
11 (at sea level)	 .

( 13,000 ft)
.	 .	 .	 10-70

15-98 NAT1,0NAL ADVISORY
COMMITTEL FOR AERONAUTICS

Resume of Model Test Results
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SPIN DATA OBTAINED WITH THE -L SCALE MODEL OF THE GRUAMAN XP-50 AIRPLANE

Enless othorwise indicated, staady-epin data are for rudder .vIth spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spintj

AIX and AIZ =
Normal loading 0.301 X AIy and AYZ = 0.30 Iq e.g.moved forward 0.4§c 

With
Ailerons Against Neutral Neutral With Against Neutral With Against Neutral With

Full

Elevator U N D U N D U U lU N D U id D C N D U N D U N D U N D U N D U N D U N D
(a)

2
(a) . (e) (a)

a, deg

o

s
P

in

-- -- --

N
o

P

1

N
0

a
i

36 414 37

N
0

P
1

id

o

s
i

- - - 45

N

P
i

-

-
_

N

P
d

- - -
N

o

P
1

- 50 46 26

Id
0

P
1

-- -- --

N
a

P
i

-- 48

M
O

P
d

-
deg _- 1D 3D 2D - - 2D - - - - 3D 2D 0 -- -° -_ __ 3D

.O.,	 rPS -- -- -- 0.5 0.47 0.55 - - - 4.48 - - - - 4.544.56 -- -° -- -- 4.49
V, fps -_ __ __ 266 216 243 _ _ _ 234 _ _ _ _ 207 21 230 __ __ __ __ 221

>2_	 1
1- 1

.urnsT
f or -- -- --

n n >2 2	 4 1>2
2

n n _ _ m n n
° -

n - m 1 n
-- __ __

n

q--11-
recovery b221 921

2

e.g. noved back 0.05c Landing condition, Flaps down 450, normal
normal loading loading

AAMCOMMITTEE FOR 	 AUFICS
Ailerons Against Neutral With Against Neutral With Against Neutral With

ayelocity too high to test.
bhecovery attempted byElevator U N D U N D U N D U N D g N D U N D ( 8) N D f N D G N D

elevator reversal alone.

°Recovery attempted by
simultaneous reversal of

a, deg

N

- - 2j

P

- 149 36

N N

-- -- --

N

-- 47

N

-- --

N

-- --

R

-- 46 42

Ndog
0
s
p
i-

_ _ U
o
s
p
1

_ 2D 2U c
s
P
i

o
s
p
i

__ .- __
0
s

. p
i

__ (4U 0
s
p
Y

__ __
0

p
i

_- --
0

o
i

__ §U 3D 0
s
p
i

rudder and elevator.
dRecovery attempted by

releasing rudder and
elevator.

eToo wandering to test.

11, nos -- -- 0.50 -- 0.47 0.51 -- -- -- -- 0.50 -- -- -- -- -- 0.500.52

V,	 Cps 98 -- 202 234 "' "' "' ""
^90 "° "" -°
a

-- -- 202 202

Turns
for

n  2
n __ >14

I
1L

n n n 1
>22

n n n__ 21 2 n fToo oscillator	 to test.Y
recovery

2



324201 IX - ly
0.1,

2mb0.182

1409 ly - IZ
4.062 mb2
5043.

10,000 IZ - IX
6.05 mb28.20

. a . . 0 a --197 x 10-4

0 0 0 0 0 0 . -72 .Y

^ IV ^ 0 . ^ . 269 x 10-4
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I SCALE MODEL OF THE-CURTISS-WRIGHT 24-B AIRPLANE
it

A FULL-SCALE FLYING MOCK-UP OF THE XP -55 AIRPLANE

f/ap hinge80
/5.

'f aileron hinge

Dimensio !a Data
80 % r,.	 S.  

t

1	 1179

(Fall scale) d42" te/ebl h7lnge
.94 

by ft 36.58
L 9W9'

L $ ft .	 0	 a Z7-47 612"

6. in	 .	 .	 .	 ^	 .	 o	 . &	 67o71 _0744'

S, sq ft.	 ®	 z	 .	 0	 0 .	 .	 .	 191.20 ^

A o	 o o	 .	 t	 6.98
L. E. 'd aft L.& Gr) in.	 .	 55.78 45'

ShP
sq ft .	 o	 .	 . .	 .	 15-56

SV P sq ft .	 .	 .	 .	 . .	 ®	 .	 25.20 °incidence2
.77"

SrP
sq ft *	 9	 a	 . s . .	 11." 2.60'

brp deg .	 .	 .	 .	 .	 . -30 Rp 30 L rL.
44"

5 es^ deg .	 .	 .	 .	 .	 . . .30 U^ 15 D -t rudder hinge
(5a p deg	 .	 6	 .	 *	 .	 . . 20 U2 14- 5 D 20.61.

5f, deg .	 .	 .	 .	 .	 . .	 .	 .	 .45_g
TDPF.	 v	 .	 4	 &	 9 . . 92 x 10 Model as tested.

Landing gear. . . . .	 .	 Fixed
'When the flaps are down both ailerons are elevated 100 when the stick
is laterally neutral.	 Normal deflections of 200 up and.` 	 down
were then made from this position.

NATIONAL ADVISORY

'COMMITTEE FOR AERONAUTICS

Mas§ Data

Normal Loading
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Resum of Model. Feet Results

In generalP the inverted spin characteristics of the model were
quite similar to those for erect spine when the ailerons were neutral.®
When the controls were crossed$ the initial spin rotation stopped after
a fear turns. Setting the controls together led to spins in which the
model was violently oscillatory in pitch and roll.

In an attempt to improve the recover characteristics of the model
to obtain 'both cessation of rotation and nosing down of the model when
the rudders were reversed, various modifications in design (modifications 1
to 6) and control movements of the model were tested.

Generally the most effective modifications were a large rearward
extPnsion, of the fillets between the wing and fuselage (modification 2) or
drooped ailerons of approximate3,7 twice the size of the original. ailerons.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH TER -1-1 -SCALE MODEL OF THE CURTISS-wRIGHT 24-B AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
onndition and recoveries were attempted by rapid full rudder reversal from right erect aping

Normal loading, rudders Normal loading AIX and A2	 = 0.402 aI	 and AI	 = 0.40 Zagainst the spin Z	 X Y	 Z	 Y

Rgainst Neutral With Against Neutral Pith	 I Against Neutral With Against Neutral With

U N D U N D U N D II N D U N
(a) (a a (b (b) ) o) (c) (c (a) (a) (a) (d) (d) (d) (b) ro (b) (a) (a) (a) (a) (a) (b) (b) (a) (a) (d) (d) (b) (b)

M

- 82 86 83 - - - - 84 83

41D j D 32D 1 D 42D
- - - - II U

_ 0.13 0.08 0.10 - - - - - - - - - - - - 0.08 0.06 - - -
_ _ _ _ _	 _ _ _ _ - 121 121 118 - - - - - - - - - - - - - - 121 121 - -

urnsTurns
-

e l sl e
- - - - - - - - -

e

-at-

e

recover - - -	 - - - - 2 4 4 ±L
AIY and AI Z = -0-151Y e.g. moved forward 0.057c e.g. moved forward 0.26e-

Ailerons Against Neutral Pith Against Neutral With Against Neutral with

U N D U N U N D U N D U N D U N D II N D U N D` D
Elevator (e) (a) (d) (d

D
 ) (b) (b) (a) (a) (d) (d) (b) b) (a) (a) a) (g) (g)

deg -- -° — 82 '- 80 '- -° -- -- --

h

a, -- 76 -' 72 -- -- -- -° -- 56 57 42 61

4(h)1(1)

deg -' _- __ 3jD
--

30D
26u

22D
 32U

17D
12II -- __ __ - - - __ jD 2D 6U 1D

2OU

rps -- -- 0.10 -- 0.12 -- _' -.. -' -_ _' .08 _' _'- _- __ __ __ __ 0.15 0.15 .20

V, fps -- -- 118 -- 118 -- -- -- --1 -- -- 123 123 121 -- -- -- -- -- -- 125 129 138 135 -- -- --

Turns
for --

-
°_ - _

e
- -

e l
- -_ '_ _' -- I __

- el e1 el fi t^
>SO

f

Recovery z 4 2 4 2 4 f11
2

e.g. moved forward 0.493' e.g. moved back 0.10W Landing condition, normal loading

Ailerons Against Neutral V11 th Against Neutral With Against Neutral Pith

Elevator II N I	 D I	 II N D II N H
s

N
N e

N N
(e) (s) b (b) (d) (d) (d (d) (d) (b) b

a, de -- 8 6 8 41 z -- -- -- -- -- -- -- -- -- 8 80  82 8

aeg -- 8u 14II 5II 6II 12II 4II 6II 9II --

8

^, -- __

0. 43

__ -_ __ -- 518

-- -'

488

(]dD

wz5U 238 188

.0,rps 0.39 0.38 0.40 0.41 0.39 0.42 0.42 0. 46 -- -- -- -° -- -- -- 0.13 0.14 0.0.17 0.13 0.14

V,	 Cps 123 129 135 118 123 141 160 1 7 160 -- -- -- -- -- --- -- -- -- 12 121 1 121 118 121 , --- -- ---

Turns
for oO >5 00 00 > 2 > 4z 00 -^ '- __ -- -' -- -' -- -- > el >5 e l e l

e
'-- '-'

Fe covert'

aoscillated violently in pitch, and roll. Rate of
rotation decreased as the violence of the
oscillations increased.

binitial rotation stopped. Fuselage remained
approximately horizontal.

c  nitialrotation stopped. Model then began to
rotate in opposite direction and oscillated
violently in pitch and roll. Rate of rotation
decrees ad as violence of the oscillations
increased.

dos.Illated in roll.
opuselage remained approximately horizontal
after rotation stopped in number of turns
.indidated.

fModel nosed over into steep dive after
rotation stopped in number of turns
Indicated.

/	 hAF10NAL ADVISORY
COMMITTEE FOR AERONAUTICS

gTwo types of spin.

hSlid around with large radius. Nose
approximately 40 0 below horizontal.

iSlid around with large radius. Nose
approximately 400 below horizontal.
After a few turns nosed over and went
into inverted dive.

,Initial rotation stopped. Glided forward
rapidly with nose approximately 15 0 below
horizontal.

kInitial rotation stopped. Model nose
over into steep dive.

1Glided forward rapidly with nose approxi-
mately 150 below horizontal.
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SPIN DATA OBTAINED WITH THE i6•BCALE EOTSL OF THE CURTISS-^ 	 cnGNT 24-B AIRPL= - CeludSd

[unlade otharwite indicated steady-opin data are for rudder-with spine of the model in the clean
condition end recoveries ware attoawpted by rapid full rudder reversal from right erect apinal

Flaps dean 450 , normal loading Effect of droopod	 ailerons and Increased 	 ailoron Freely rotating propoiler
area on turn for recovery, normal loading installed, normal loading

o Drooped 220 ¢Droo
AtlaronS Against Neutral With Drooped 220 edmaaflaps	 4

chordand are flooublsd
dfg*p3. Against Neutral h`1 th

doubled o

Elevator II N D II II N D II N D 17 N D II N D U II N D u N D Q N D II N D
(d d d b b d d d a a

a, deg 90 90 81 84 88 86 84 _ _ _ °_  _ g ___ _ _ _ __ 8 Bo _ _ _

0, deg 6u
36D 2OD 3D 8D 19D 16D 21D

t11D

41D -__ _ _ _ __ 36 28D _ _ _5 5017 2517 917 1117 1817 12U 1717
z6II 517 31 2517

11, rps 0.04 .22 180. .15 0.19 - _ _ __.. •__ _- 0.11 0.1 __ ___ 0.3 0.27 °°- - - -- 0.07al - I _ -_
V, fps 107 113 123 118 118 116 118 - - -- 116 116 -- _°- »_ ___ 1Q7 107 --- - - m 121 121 118

1 - 1 - 1
-

T^ ra
_ ___ -^ _°"_ __° _•_ °-° - '"' '-_ - - e11 e = _ -- _°_ --- 12.L' L2 __° - - -

of ®l ®l
2 4 z i

Modification 1, Modification 1,_gnd 2, Modification 3, Modification 4,
normal loading normal-loading normal loading normal loading

Ailerons Against Neutral With Against Neutral Wlth Against Neutral W1 th Against Neutral N1 th

Elevator II N D II N II R D II N II R D II N D II N aD II N
d

II N b II N D Q R
d

Q N D

a, dog - - - - - - - - 78 - - - - - - 1- - 84 -

dog.6, - - - - ° _ - - - - - - '12D _ - _ _ - _ _ _ oD
917 OII

n, rps - - ° - - °
V, fps _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 121 - - 121
Turns e s
for 4Recovery

Modificatio- 5, spoilers Moo fleatlon, fins and
Inverted spins, SdAT10PtAL ADVISOg7deflected

normal
up 900 ,

loading
rudders moved to
tips	 normal loading

wing normal loading COMITTEE Fc@ AEMACTKS

M lerons Against Neutral WithWith Against Neutral Kith Against Neutral With

Elevator 17 N N (a) (n)(ne (d (d (b) (b) (b) (S) (a) (a (b) (b) (b)(a) (^ ( a) (D) (d) (d)
(b)

(b) b)
a, deg - - 76 80 - - - - - - - - ° - 85 82 -

0, dog ° - 411
^ - - ° - _

31D 18D
-

-
19II 4617 - 3417 8Q

n, rps - 0.080.14 - • - _ _ _ _ _ _ _ _ 0.07 0.07 - -
-. V	 fps

-
- 127 129 -

_
_

-
_

-
_

_
_

-
- 121 121 - -

Turns e e1 Sol eat
for

Recave
-	 - - - - _ - -	 - - - - 4 °

a0sc111ated violently in pitch and roll. Rate of
rotation decreased as the violence of the
oscillations increased.

b xnitial rotation stopped. Fuselage remained
approximately horizontal.

°Initial rotation stopped. Model then began to
rotate in opposite direction and oscillated
violently An pitch and roll. Rate of rotation
decreased as violence of she oscillations
increased.

d0sc111ated An roll.
eFUSelage remained approximately horizontal.
9Twa types of spin.

JInitial rotation stopped. Glided forward
rapidly with nose approximately 15 0 below
horizontal.

klnitial rotation stopped. Model nosed over into
steep dive.

lGlided forward rapidly with note
approximately 150 below horizontal.

'Initial rotation Stopped. Glided forward
for a few feet 350 below horizontal and
then nosed over into a steep dive.

nlnitial rotation Stopped. Glided with
slight rotation to right. Fuselage
approximately horizontal. Oscillation
in roll of approximately ?250.
°Visual observation.
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ftdifications / and 2
(Dimensions full scale)

ss rmse/aya--

'^

 --------- :-

1 1Z570

Plan view	 00	 22 b
6.	 /

Modification 3
,fide 3/ew

Daturvl lirt¢

X00"

_ __ 0—/2-..804

^plmerRSiortr full sca/e 8250

3
Plan v/¢w

lVadiflcation 4 (ommns/oru full scale)

Datuvn
M7e.

^i
Side v/ew

^^ fuselage

I^3.60"

/IQLt^^

Plan view

Nfad/f/cat/on 5 .9a'a11t1o17 of spoi/ars

Plan u/0W

/tote.- S,00!/ers down	 \	 /O chard spoilers
In retracted
pos/tion

30^ clsord
hinge ^'

Mod/fication 6
^D%`HevAfYOV/J' fu// fca/e)

Plan View/	
^I
P

Revised dertica/	 =
tai/ /ocat/on

' /Origins/
vertical tai/

42	 location
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0.059-SCALE MWEL OF THE CURTISS -UPRIGHT XP-55 AIRPLANE

Dimensional Data

(T1U1-1 Scale)
o'er hinge
hinge

231NACA RM No. L7E15

^yb, f4 .	 •	 •	 • • •	 .	 o •	 •	 41-02  	 ac r I713° d5°	 Lt7 G

L, ft .	 •	 •	 . 29.58
—c, in .	 • 67.44
S, sq ft.	 . e e	 • •	 213020 Le tob hinge

7.95°

A • 	 a,	 •	 .	 .	 . .	 • • •	 /ry .88 75%c I-
L.E. c	 L.E.waft Cr, in.. .	 62.88 ^1-401

Sh, eq ft .	 21.52 es
Lt e%v. hinge

Sv, sq ft 27.80
Sr, sq ft . • r
5	 deg (right

•	 •	 e	 e	 .	 13.00
rudder).40 R, 11 L

29.04"

r, X90,
5 r, deg (left rudder) .11 R, 40 L
5 e, deg .	 .	 e	 . .	 .	 • .60 U, 60 D	 4S 0 at 25%c.	 4.7,
Elevator tab . 25 D when elevator

deflection (deg) was 60 U 20.95"

0 when elevator was 0 432" /.TT"

25 U when elevator .06. FUS ref. line

was 60 D
0 when elevator was

(	 —^
{^---17.63" ¢rudder hinge

free Mode/ as tested.

When linked with the elevator . .

na, deg
When flaps were neutral	 . .
When flaps were 450 down . . .

5	 deg . . . • • . • •' • + • . • . . • .
iP Wtip trimmers, deg . . . . . . . . .
Extensions of wing-tip trimmers, deg

When linked with ailerons . . .

. 280,90

.38 U, lU 
COMMITTEE FOR AERONAUTICS

NATIONAL ADVISORY

• • . 45 D
. .	 0

r • 28 U when adjacent aileron
was 28 U
9 D when adjacent aileron
was 9 D

. Both 30 D when elevator was
60 U
Both 0 when elevator was 0
Both 30 U when elevator was
60 D

When linked with the rudders. .
Extension of right wing-tip trim-
mer

Extension of left wing -tip trim-
mer

40 U when right rudder was
40 R
ED when right rudder was
11 L
11 D when left rudder was
HR
40 U when left rudder was
40 L
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U
Noel Loading

7717 I	 - ly
/
o mi

-0 .019
4120 `^ .tee	 Ivy

gg^^

4, 71
10., 000 Iz
11.52 mbZa
15.6

p Ib a

/ as »	 as a ® ® es as ®	 ao

Ix" slug "ft a e a a	 a a

Test altitude, ft
^ 

( Gea level) . a . .
A f (3.0 ,t 000 ft) a R R 4 a

a T - 0 6 F -x68

Resume of Modal Test Results
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SPIS DATA OB`Pd.nml) WITH THE 0.059°SCALE YODEL OF THE CURTI&-MIOIff XP-55 AbIRIESA P.

[Unless otherwise indicated, steady-spin data are for rudder-frith s pins of the model in the Clem
condition and recoveries were attempted by rapid full rudder. reversal from right erect spins]

Normal loading, right spina Normal loading, left spins

Ailerons Against Neutral With Against Neutral With

II N $ D Free N D Free II N D Free U N D Fr®a U N D Free U N D D Free Free
Elevator (e) (eb (bc (e (d d o d d d a e c c d d c c d d bd bi bd b

90 95 91 76 3 88 99qq 83 82 94 66 86 773 97 774
-

79
a, deg 74 59

o 0 0

[74 71 58 ^2 62 --- 66 57 54 55

o 0

54 69

0 0

62 64 61 " 52

0deg 6u 9u 22U 19U 18u Au 6U lou lou 2D 9U 13U 12U I9U l0U - ". i1U
8D 17D

s
p
1

s
p
1

s
p
1

 5D 12D 7D	 19D
-""

18D 15D 6D
a
p
1

1

a
p
i

12D. 15D

a
p
1

a
p
1

12D 2l}D 7D

---

21D

0.16
0
p
1

n, rpp 0.19 0.15 0.1,0.2 0. 0.20 0.2 0.1 0.21 0.21 ---,0-111 .13D.1 1 0.09 o.16

V, fos 182 182 n ? n n 162 171 174 171	 171 171 179 171 n 171 171 n n 171 161 171 --- 185 n

hlTurns
® P1 ®2 ®1 g11

2 2 f2

±171

P1 e l 0,1. el ei 2 _-
P.4

2
 2 2 4 rF

4
4' 4 hl 4recovery

ftng-tip-trimmer used in Wing-tip-trimmer extensions used Wing-tip-trimmer extensions
conjunction with the in conjunction with the rudders, used in conjunction with
ailerons, 1 to 1 deflection 1 to 1 deflection ratio between the elevator.	 2 to 1
ratio between ailerons the rudders and the extensions. deflection ratio between
and-the extensions, Extension moves up Re adjacent the elevator end the
normal loading rudder moves outboard, normal loading extensions.	 Trailing edge

Of extensions moves up as
trailing edge of elevator
moves down.

Ailerons Against With Against Neutral With Against Neutral I	 With

U D Free U D D Free U D Free U N D Free U N D Free Free U D U D U D
Elevator (c) c) (a) (ab) (bi) (a) (j)(j) (j) ( j (dk) (j) (d) (d) (j) (ab) (bj) (c) (c) (c) (d) (d) (dt)

de

(99a)

4
78

- ^^
71 81

65
68 74 6o 92 92

a,	 g x
0

x
0

x
0

6 3 59 56 N
0

x
0

x
0

N
0

71 N
0

N
0

6o N
0

41 N
0

N
0

x
0

N
0

87 54 53

g, deg 29U 11U - ___ 2II lU 12U 38II 2II
s 3U 44U 23U8 e 51D 24D 16D a s a s

43
a s 11 13D a ^4D a s a 31U 47D 22D

p
1

p
1

P
3

p
3

p
1

p
1

p
1

p
'1

p
S

P
S

P
i

p
i

p
i

p
i

rps n n n 0.17 0.18 n n n n 0.08 n n 0.12 0.1 n 0.16 n n n n 0.18 0.21 0.18

V, fps 171 174 T174 171 182 189 198 174

Tr n
s o2 a2 e a IL

a2 - hl4 elr+recover

AIX and Al 	 = 0.30 1 X AIY and 6% = -0.30 iY

Ailerons Against Neutral With Against Neutral With

U D D Frea U N D Free Free U D D Free U D Free U N D Free U D Free
Elevator (c) (b) (bd) (m) (j) (a) (m) (bd) (b) (d) (bd) (bd) (dk) (a) (o) (d) (a) (dt) (at (d) (dt) (o)

74 92 68 72 75 78 89 87 96 77 72 T3 77
a, deg

0 0

41

0 . 0

72

0

52

0
58 70 47 58 55

® 0

3o 6o 56 57 6o 6o "---

l0II 58U 16U 2D 28U l0U 17u 50U 38II S6U 22U 13U 20D 32U
g, deE

a

i

a

1

lID
a

i

s

i

75D
s

i

n

9D
s

1

n

33D 25D 17D 25D 25D
8

1

n

a

1

n

38D 67 311 7D 41D 20D
____

rpe 0.22 0.09 0.18 0.17 0.16 0.15 0.18 0.23 0.20 0.171 0.23 0.24 0.19 0.25 ----

V. fps n n 182 n n 182 182 190 182 177 185 190 179 279 174 274 ----

Turns _-_- el h 1 el P fl n2 el

t1-83177

hl al h 11 _""
reovsry 2 2 n21 2 2 2

®Model oscillatory in roll and pitch, range of values or
average value given.

bTwo conditions possible.
°Model recovered by pitching and or rolling out of the spin

Motion during recovery was extremely violent.
dosclllstory spin; range of values or average value given.

e After recovery, model glided forward at a flap attitude for
en ap preciable distance.

(After recovery model ended forward at a flat attitude for
a short distance.

gAfter recovery, model Glided forward at a flat attitude for
a short distance and then nosed down into a steep dive.

hAfter recovery model nosed down into a steep dive.

'Model too oscillatory in pitch end roll to test completely.

]Model yawed in a circle of extremely large radius at a
high angle of attack. Rotational velocity was low.

kWandering spin.

mmodel oscillates in pitch and wanders; appears to gallop.
IsModel recovered of its own accord in a wide spiral glide.

nModel recovered in a wide spiral glide.

0Model went into an inverted spin after a short vertical
dive.

-High rate of descent. Model executed one violent
oscillation in Ditch per turn of spin.

NATIONAL ADVISORY
CO€NITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 0.059-SCALE MODEL OF THE CURTISS-WRIGHT XP-55 AIRPLANE - Concluded

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spirnsl

e.g. moved forward 0.0776 e.g. moved back 0.083°c

Ailercns Against Neutral With Against Neutral With

Elevator
U N D Free Free U N D Free Free U N D Free Frae U N	 D	 Free U N D D Fr U N D F
(c(c (bd b (d (d d (bd bd (d. (bd (tq (br) (bd) (a) (a)Ac	 (c ) (d) (c (bd) (bk (J) (d) (d) (d

57 73 85 49 73 52 75 84 76 95 81 98 93 90 98 102
a, deg ___

4+

N N

41

N

21 48 39 50 37 63 55 43 47 65

N N

68

N

64

N

65 79 61

NN 2213 2113 50U BU 11U lU 3013 19U 0 13U 61U 3513 38D 42U 2413 39U
deg 0

p
1

0

p
1

0	
0

0

p1

18D 42D 5D 7D 15D 12D 14D
--_

14D 6D 48D 64D
o

p1

0

p1

48D 0

pi

47D
_-_

0

p1

44D --- 44D
o

P1rps p 0.181 0.13 0.20 .1 0.2 0.2110.2 q 0.22 --- 0.20 0.17 o.16 0.17 .18 0.22 --- 0.16 0.1 0.16

V, fps
n n n 

204
n

174 171 203 177 2o6 177 177 --- 182 208 193 185 n n 182
n

185 --- n 179 182 171 n

Turns -°__ a 0_ h_ hl h1 e1' hl1
---

h11 --__
sl e l el e'L

--_
f2 el el

recovery 2 2 4 2 r1 2 4 4 2

Flaps down 450 Landing gear extended, Lending condition, normal loading
normal loading normal loading

Ailerons Neutral. W1 th Neutral With Against Neutral With

U
Elevator (d) (bd).(ba) (e) (dt (dt) (dt) (ot) (dt) (dt) (at) (d) (d) e (1) (d) e (be) (bd) (d) (aje (d) ( d) (d)®

79 82 87 87 72 66 60 50 61 65 66 65 91 62 69 78 64
a, deg

62 6 3 	 --
--

---- 39 49 57 41 ---- 41 37 -- --	 46 52 1

0

22 °--- 54 69 47 58 58 29

1OU 25U 
----

- 9U9U 3D 15U 1113 ---- ID 3U -- --	 8D 3D
16u ____ 12U 27U 913 . 20U 15U 13U

0. deg 27D 18D 9D 10D 8D
a

1
n

2U 14D 40D 3D 15D 25D 15D

.1 rps 10-2110-19 ---- ---- 0.17 0.19 0.20 0.19 ---- 0.19 0.23 -- -- 0.16 0.16 0.15 ---- 0.14 0.09 0.16 o.16 0.16 0.14

V, fps 179 179	 ---- I ---- 1179 179 185 ?98 ---- 182 201 -- -- 195 193 198 ---- 176 171 188 179 176 188

h1zTurn"

for
hll

4
h	

---- ----
h h^' hu hug

°---
hu4 -_-- ---_ h4 2 h2  e2 e4 h 

2
h 
2

h ul
recovery 4

Invented left spins, normal loading Inverted right spins, normal loading

Ailerons Against Neutral With Against Neutral With

Elevator
U N D Frae U N D Free U N D Free U N D Free U N D D D Preo U N D D Free

(c) (a) p) (a) ( d) (d) (c) (d) ( d) (a) (d) (c) ( c) (c) (c) (d) ( d) (it) (dt)	 ( ct) (d) (d) ( d) (bd) (bi) (d)
111 79 75 85 90 63 86 75 85 101

----

86 78 75 78 73
----

81
a, deg

N

74

N

46 58 66

N

57 64

N

45

N N N N

69 57 55

N

47 59 67 51 68

2813 4u 15U 16u 25U 12U 12U 33U 50U 2513 45U 23U 17U 13U 17U
deg 0

p
I

40D a

1

18D 11D 29D 0

p
1

18D 6u 6D 0

p
1

10D 0

p
1

0

p
3

0

p
i

0

p
1

25D5 54D ° -- 13D
o

p
4

42D zoD 45D 14D --^° 15D

IL rps 0.18 p0.16 0.17 0.10 0.19 0-1 5 0, 1 3 0.21 .13 0,18 ---- 0.18 0.17 0.15 0 0.20 ---- 0.22

V, fps n 166 n 182 176 169 n 176 174 171 n 193 n n n n 176 182 . ----1174 n 174 171 167 176 ---- 176

hlTurn"
for el gl O1 d h-1 el L1 hl1 a f l -___ h-3 h^ el el h11

recovery 2 2 2 2• 2 2 2 (7, 4 2 4 2 hl2

"Model oscillatory in roll and pitch, range of values or
average value given.

bTwo conditions possible.
cidodel recovered by pitching and for rolling out of the spin

Motion during recovery was extremely violent.
doscillatory s p in, range of values or average value given.
e After recovery, model glided forward at a flat attitude for

an appreciable distance.
f After recovery, model glided forward At a flat attitude for

e short distance.

gAfter recovery, model glided forward at a flat attitude for
a short distance, and then nosed down into a steep dive.

hAfter recovery model nosed down into a steep dive.

i M.odel too oscillatory in pitch end roll to test completely.

'(Model yawed in a circle of extremely large radius at a high
angle of attack. Rotational velocity was low.

kWandering spin.
It odel oscillates in pitch and aanders; appears to gallop.
4Mode1 oscillatory in pitch and roll, too wandering to test.
r fdodel oscillatory in pitch and appears to gallop; range of

values or average value givan.
"Model spins steeply and smocthly with radius of spin too

large to test.
t Three conditions possible.
u model pitched into an inverted flap attitude after short

vertical dive.	 NATIONAL ADVISORY
v Visual observation.	 COMMITTEE EDP.  AERONAUTICS
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1
7
6 

-SCALE MODEL OF THE -56 AIRPLANE

Dimensional Data
it rudder hinge

70 7 c.
(Full Scale)

`h, ft	 a	 a a	 40.59

L,	 ft	 .	 s	 s	 .	 R	 Q	 s 23 ^ 58

cs	 in.	 N	 .	 4	 a.	 .	 .	 .	 u . 103 . 00
S,	 sq ft	 .	 4	 .	 m	 .	 s	 . . 309-32
A	 A	 .	 .	 .	 .	 .	 .	 .	 d	 a	 . .	 5.33
L, E: d aft L.E. cr, in. .	 53.80
sh, sq ft (elevons)	 . . .	 36.06
sV; sq ft

split y . R e 4 . .

Fri se
Sr, sq ft

Fries . a	 p e s

Split. e . . . q

br, deg Fri so balanced
rudder. ® R n a . 90 U.9

Sr, deg (split rudder)
Se , deg (elevons as

el.ev-) . a . . . 30 U,
Sa, deg (elevens as

ails.) a . A ^ - 30 U,

Sf, deg (split) a . .

Landing gear . . . . Tricycle

Deflections — Elevans

.z5%c

C.
	 s^

-E f 7o hinge	
4.61"	 1

30% c.	 `-6.90°

ot6¢61o	
^._TI 430

X

Split rudder
rudder hinge 709C

Frise rudder

Ruddar detail

¢ ei

1-5 D
60 D

29.09
31.82

z6g"

13888
11.15

TL.-—	 ^-

20 b
+6o	 3°imoderce (root cdvordJ

Model as testee

20 D

The "elevon" deflections due to a lateral movement of the stick are
superimposed upon those dins to a longitudinal movement.

Pushing right pedal will give one of the following maximum rudder movements-,

as Deflect the right Frise balanced rudder 900 up and the left 200 down,
b. Deflect th-e right split rudder x-600 with no effect on the left rudders
ce Deflect the right Frise balanced rudder up 900 and open the right spoiler4

(on 'both upper and lower surfaces of the wing) and deflect the left
rudder down 200, the left spoilers remaining closed"

NATIONAL ADVI8O y
COMMITTEE  F0 AERONAUTIC S



9755
0.179

-0.023
8417

12,417
20, 667

4000
10.14
1201

-80 x 10`4

165 x 10-4

x0, 194
0.128

-0.003

X6834
x-5,635
4000
10.59
12.62

48 x 10°4

165 x lo-4

245 x J.0 -4 + 117 x x0-4

NACU RM No. L7E15
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Ma ss Data

Normal Loading

Original
	

Revi sed

Ws lb Q a	 . . . . . ¢ . . s .	 d

I` 2 raja Kg—.

,

L

Rt
	4 M 0 Y d	 2 6 R 0	 4 R 0 N

Iyg slug— ftSe	 e	 a	 o e o	 q a	 e ¢

IZ2 s lug- P62

Test altitude,, ft
^A (at sea level) . . . . . w . m
W (4000 .ft)	 . . . . Q . . . . . A 0
I - Iy

mb2
Iy - I,Z

mb2
Iz - Ix

N	 Rr	 W ^	 M 9 M	 Q 	 q	 b	 9 4v ®	 P	 m & 4b 4b2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTIC
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ResumS of Model Test Results

by rapid full reversal of the rudders was unsatisfactory 	
2

turns

and a no pin condition.

The extension  of the landing gear and flaps, indIvidually or
jointly ., generally improved the recovery characteristics of the model.

Recoveries from inverfied spine obtained were generally unsatisfactory
by rapid full. rudder reversal.

Substitution of a split rudder for the Fries balanced type madder
as detrimental to the recovery characteristics of °thy model. Removing

the small upper fin from the model or using spoilers in conjunction
with the Frise balanced rudder had little effect on the epic and
recover- characteristics of the mode .



2

SPIN DATA OBTAINED WITH THE -SCALE MODEL OF TIE NORTHROP XP-56 FiI nzz

[Unless otherwise indicated, s h ady-spin date are for rudder-with spina of the model In the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins

Raeviaed normal loading condition AIX and AIZ - 0.27 IX AIX and AIZ = -0.22 IX
evis0d loading ocndiion Rev.sed los in	 cond

Elasona
Against Neutral with Against Neutral With Against Neutral With

Elevons U N	 D II N N D D U N D U N D U N N D U N D II x	 D U II x PF D U N D
as

Elevators (a) (a (a) (a) (b) (bc) ( d) (bd) eD ( a) {a) (a) (a).(c (.

a, deg 36 82 39 --
N
0

P

n

49

x
0

p

n

76 46 -- --^--
N
0

p

n

79 50 67 -_--

N
0

p

n

76 51 --
N
0

p

n

81
N	 ID
0

0.8
p	 136

n

-__
N
0

P

n

64

N
0

-- 8 _-

deg zD R	 o 4D --- 2D o 3D - --_ 0 1D lU ---- 0 5D -- --- 1D -- 2D 8D --

li	 rev .40
0

.9 <40 --- 0.70 0.55 -- ---- O.76 .35 0.56 ---- o.64 0.4 -- 0 .61 -- 2 2.-5-1 _-

V, fps 220 p 133 224 17 91 162 205 -- ---- 140 215 165 ---- 160'198 -- 220 165 160 02

Turns n 1 I 2 1 1 1 In
for 6 1 11^1 22 4 1 42 12 2 5

yx
6 14 2  5 1 -

recovery 1 2 "`+++

AIY and AIZ = 0.35 Iq AIy and AIZ = -0.18 Iy c.g. moved forward 0.05-5

Revised loadin	 condition Revised loading condition

Elevons

Ailerons i
Against Neutral With Against Neutral With Against Neutral With

Elevons U

---

N D U N D II N D U N D U N D U N D U N D U N D U N` D
as

Ievators c ) (c) ( c)
40 73 83 62 - 73 82 5 1 --

o

i
n

 a

3
n

84 54

0

S
°

0

i
a

80 53 --

0

.

i
 n

65	 80 38

o

.

i
n

0	 1D
. 0.74

1
1

n	 __.._

75 49 ---

10D 0 0 2D -	 - 0 1D 8D -- 1D 0 1D 5D -- 1U	 1D ID 5D ---rd

0.54 0.72 1.00 0.57 ---- 0.71 0.89 0.47 -- 1.04 0• 0.79 0.57 -- 0.64 0.88 0.39 0.49 ---

165 1 202 180 1 162 18 - 13 20 1 1 182 -- 162	 12 21 18

----
1

52 °°-- 11
3 13 5 °- ---- --__ ____ ___. _ ____ ____ ____ ___

c
Flaps down 600 Landing gear extended Lending condition 

al g. moved back O.Ob Revised normal loading Revised normal loading Revised normal loading
Revised loading condition condition condition condition

Elevons
es Against Neutral With Against Neutral With Against Neutral With Against Neutral With

Aileron.

Elevons N	 D U N D U x D U N D II N D U N D U N D U N D II D U N D U x U x D
asas
lavator

b) (b) (c) WD

a, deg -- --183 59 74 67 80 59 - N
o

-

--

_

x
0

N
0

75
--- °- x N

0

79
N
0

N
0

N
0

78
x
0

-

N
0

x	 x
0	 o

x 11
c

7 41
'-

de -- lD 3D 1D 2D 2D 7D - - 0 - -- 0 0 1D - -- o	 4D 6D --

(j, rps --10.84 0.64 0.56 0.72 0.4 0-72 8 0-72 ^ o.48--s
p£
n

-_

--

a
p1
n

a
p1
n

a
p

n

p
i
n

P
S
n

s
P
£
n

P
S
n

a
p
1
n

a
p
1
n

e	 s
p	 A
i	 i
n n

s
p
S
n

a

V	 fp s -- 122 1 1 3 16 1 5 178 -- -- - 15 --- --
7 158 _ °° P 169

1 205

Turn.
for- - --

1
3 °-- -- ° - _ -- - - °-- --°

-
- °-- - 

_- n	 1 11

recove 2 2

Effect of split rudders
Inverted spins right rudder 60-, left rudder 00 Original normal loading condition

Rev£aed normal loading conditions Revised normal loading condition

Elev
ons

Against Neutral With Against Neutral With Against Neutral With
Ailerons

Elevons II N D U N D U N D U N D U U N D U N D U x D U N - D U N D
Elevators(b ) b) &) (a) (bg) (g) (g) (b (b

a, dog

o

.

i
n

0

a

n

76 47 42 52 70 55 _-

0

i
n

0

a

i
n

---
a

a

n

162

69 65 71 78
o x

a s

i i
n n

°-- 81 45 --- ----° 81 - --

01 dog 3U 2U lU 5U 5U 4II -- --- 111 .1D 0 0 FiD --- 0 6D --- ----- 1D '° --

12, rps ,72 o636 0.42 o.49 0. 59 0.47 -° --- 0.55 0.64 0.71 .7 0.58 --- 0.56 o.24 --- ----- 0.55 -- --

V, fps 158 227 235 173 175 193 -- 1361 62184 158 162 173 134---200 --- - 158 --

Turns 3
1

52

for ..»_- a -_- e_-- 2 0o f®».. »» °® ®_-- 3 4 5 1 ®_.._ COG
--- )22 ---- 22 -- --.

2 51 2 z
recovery 2

Rudder neutral spin. Type A spoiler deflected t600 &Two conditions possible.

Original normal loading condition Original normal loading condition bModel oscillatory in pitch.
OSteop spin, high rate of descent.

types of spin.Elevons

Ailerons
Against Neutral With Against Neutral With

eTwo

Model went into steep rapid spin
after rudder reversal.

Elevons
as U N D II N D U N D U N D U N D II N D f Model went into spin that was
levatora (c (c o b b b a oscillatory in pitch, rotation,

and rata of descent after ruddera, dog
N

---- 67
N N

---- 71 -- -- ---- ---- ---- ---- ---- ---- - - reversel.N - •
0, dog o

a

i

---- 1D o

a

i

o

a

i

-- --- 4D -- _- o ____ ____ - __- _ --- _ -_ gWandering spin.
IoRecovery attempted by reversal of

rudders, and movement of the
stick from positions indicated
to against the spin latorally

11, rps ---- .47 ---- 0.4 -- -- a ---- ---- --- °°°° °'°- -' '-
V, fns 218 173 --- 184 -- --

1
---- 134 -=- ---- ---- 156 -- --

Turns
n --_- _-__ n n -__ ___ _»_ __ n ____ ____ ___ ____ ____ ____ __ __ and back longitudinally.

recovery iRecovery attem pted by lateral move-

NATIONAL ADVISORY	 menc of aLlos ai ne Irom koala

COMMITTEE &Q& Z 	 AIftICS	 indicated to against the spin.

JFlat spin.
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¢ aileron hinge
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20 -SCALE MODEL OF THE BELL m59 AIRPLANE

Dimensional Data

( Full Scale)

b, ft Q . N . . d . n s n . 40«00

L, ft . . . . . e m . . . . 36®77

F, in. a	 Po	 4	 90.16
S, sq ft < . . . . . a . 286.00
A _g . .	 e p	 A	 5.60

FL.E. 	 aft L.E. ors in. d . 36.82
8h, sq ft . . . . . $ . . 4 59.00

See sq ft (inc. bal.) . 6 . 13.80

Sv, sq ft . . a . m Q . . e 3500

Sr.9 sq ft (Inc.  bal .) a . . 10.8080

Sr, deg e	 20 R $ 20 L

6 
e v 

deg . . a . ® . . 25 U, 20 D

6&$ deg (spoiler-type
aileron)	 s ^ 35 U, 0

Outboard Zap flaps

bf , percent (landing cond. - 100
take-off cond. - 50

Split flaps ( inboard of booms)
lending cond. . . 45 D

6 9 dog tale-off cond. . 22.5 D

TDPF Q N . . @ . . . 1575 x 10°6
lending gees	 a	 Tricycle

r 24.00

S a1. U7 ofchord
rp-tsr°

-13.06"

.32'°^ X54
-1 71-	 -

rudder
incidence / o	 E31	 hinge

22.06"

Model as tested.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Mass Data

Norma I Load in g

W, lb . s . a $ @ ® s t m	 11;,197

x/c . s . . . . Q A . ® . . 0.275
z/c . . . . s . a A . a . . 0.070

Ix, slug-ft2 	 a	 6330

Iy, slug-ft2 . . . g . . . 8320

Iz' slug-ft2 . 0 . . . s 14,000
Test altitudes ft	 a . . 10,000
^L (at sea level) ® A	 m . 12.80
W (10 000 ft) . . . . . ^ 17.35

I% - Iy
s R	 6 4. m .3 6 x 10°4
2 

mb

IY---- 
IZ e

	 -101 x 10-4

mb2

I  - Ix	
137 ^' 10 4

m

_,	 m	 A 4	 A

mb 

2
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Resume of Model Test Results

Extending mass along the wings or fuselage (6IX and
PIZ = 0.40 Ix or 6Iy and AIZ = 0.30 , Iy) .. or moving the center . of

gravity forward 0.0$c or back 0®1Oc from its normal position had no
appreciable effect upon the recovery characteristics of the model.

An alternate wing center section with a reflex trailing edge
had little effect upon the recovery characteristics of the model.

The model would spin inverted only when the controls were
crossed and the elevator was up. Results indicate that recovery
would be satisfactory by rapid full rudder reversale

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OHTAINED WITH THE W-SCALE MODEL OF THE BELL XP-59 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spine of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spins]

Recoveries at empto by different
control manipulationa from

	

Normal loading	 elevator up spins, 	 AIX and Al  = 0.40 Ix
normal loadl

Ailerons Against Neutral 	 With	 Turns for Ailerons	 Against	 Neutral	 with

	

Recovery by Ailerons	 recovery
Elevator U N 

I
DU N D U N D 1multanaa	 Against	 Elevator U N D U N	 D II	 N	 D

reversal of	 a

a de	 1 N N '1 N N 16 •- N rudders an Neutral	 1	 6, de	 ---_ N N 21 N N	 18	 N

(d, deg	
5 0 0	 0 0 4 - o elevator	 X 1	 0	 ----0	 0 0	 o

W th	 0. deg -_-_	 3II	 2V --_-

11, rps 0.5 8 S 0,5 S S 4 -	 Against	 14	 gl	 s 0.39 S S 0.56 S S	 4,7 •	 S

	

P p	 p P	 P Neutral.— 	b 	 P P	 P p 0.	 °- P
V, fps 389 1 1 389 1 1 38 10 1 cation of	 Neutral 3, 8, >I;

P	 n n	 n n	 n rudders	
1	 V, fps	 403 n n 374 a n 403 10 Sry

With	 1^, 3

Turns	 1	 1	 1	 Against	 $	 Turns	 1	 1	 1

	

for-

	 Blovbtor	 Neutral
for

rccoasry	
reversal 

	 - -

	

esrsa$	 1	 r9
With	 s^

AI.y and AIZ = 0.301 y	 e.g. moved forward 0.081 	 e.g. moved back 0.103

	

Ailerons Against	 Neutral	 With	 Against	 Neutral I	 With	 Against	 Neutral	 With

312e1ator U N D U N I D U I N D U N D U N D U N D U N D U N	 D U	 N	 D
a	 a

a, dais --- --- 24 22 20 22 17 120 24 N N N 18 N N °-- -° N 20 N N 19 ---- N 20 --- ---

0, de -__ -__ 17U 4II 4U 13U
0 0 0

6V
0 0 °__ _- 0 4II 0 d 2U o 3U °" °-

n. rpm --- --- 0.72 0:53 0.78 0.78 -.640.69 79 S S S S S_ 8 0 S S
0 0- 8 0.43 -••

V	 fps 396 60 298 364 571 511 41C 403 32 1
n

1
n

S
n

89 - 1
n

1
n

10 1
n 396 1n 1

n 367 410 1 389 410 410
Turns
for

1

n

recovery

Landing condition Take off condition Al to: r
	

ion mitts

(AIX and AIZ = 0.431X) ( AIZ and AIZ - 0.32 Ix)
r
sefl
efl

ex trailing
 

edge

loai g

Ailerons Against Neutral With Against Neutral With Against Neutral with

Elevator U N D U N D II I N	 I D U N D U N D U I N D B N I	 D U N D U N 1	 D

a	 de N
o
S
p
1
n

N
O
S
p
1
n

N
o
S
P
i
n

--- N
0
S
p
1
n

N
0
S
p
1
n

-- -- _-- N
0
S
P
i
n

N
0
S
P
1
n

N
0
S
P
1
n

20

Dam

284

N
0
S
P
1
n

N
0
S
D
1
n

7 __- _-_ __ N
0
S
p
1
n

N
0
S-
P
1
n

18
3U

46

396

1

N
o
8
P
1
n

N
o

S
p
1
n

--- ---_ N
o

S
p
1
n

de 3II -- ----

n rpa -_-
-- -- --- -

__
----

V, fps --° - W 319 410 >410 -- _-_ 410

Turns - 1 -
for -__ _- -_ -_- 1

11
__ _-. -_- aE --- _--„

recovery

NATIONAL ADVISORY

bVertical velocity too high to test. 	
COMMITTEE FOR AEROPMt ICS

cRecovery attempted by releasing rudder.
Large radius of spin, too oscillatory to teat,



--el ev hinge

/.80 2kn"

, Scale)

	

— 704 ^{ 22S"	 .93„

300„

70
	 45%c

6.35"	
lioi/e^onhir^gt^^5%

	

I	 if flap hinge

29.40--
_

(2-

rvdod ?Y
hinge

Model as tested
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I—SCALE MODEL OF THE B 	 —59A AIRPLAM

too
	 $ o	 a	 o*	 9* o s a	 9 /49®

L, ft ® * 	 Q	 , * O	 0 m O	 a
8 

a y^7
P aV^ 0

	 9	 P	 0 4	 0 0 0'	 a
^y

.d
Tq^ 

0/+0 l0
SA f`t*	 0$	 0 0	 0+ 0	 0 '.000

A.	 ¢ .	 .	 .	 .	 .	 . ®	 ® 0 . 6.00

L.E. B aft L.E.
Or

in.	 . 10.81

Shq aq ft * 6 * e	 e a o	 s !s,a
S,qp aq ft o .	 . 25
SVP aq ft 32.3J+

rpaq 34.w69
deg R	 a 025 R.. 25 L

66p deg .	 0	 Q	 O O	 O O 025 Up- 15 D

^5w,
6 ap

deg - 1
deg (alternate)

A
Q ®13

up 1,0 D
Up 13 D

6 f, deg	 . . 9	 e . e 1+5-g
Pw	 6^	 q	 4	 O & t a 9103 x 10

Landing gear 9 . .	 4 O Retractable

MaAp Data

Normal
Loading

Alternate Armament
Loading

205.15
0.

-0-136
13872

24150
7.02

13015

33x 104

°1.64- x 10-

1,31 x 10-4

20p O

ATWNAL ADVISORY
COMMITTEE FOB AERONAUTICS
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Resume of Model Test Results

For the normal loading .  clean condition recoveries by rapid full
rudder reversal were generally unsatisfactory except when the ailerons
were set aSainst the spin The results indicated that simultaneous
reversal of the rudder 	 elevator from elevator-up spins gave the
most rapid recoveries.

Extending the mass along the wings (61X and AT, = 0.20 X)
or retracting the mass along the fuselage (4l 	 -0®22 ly)

A 0.05c forward or 0.2b3c rearward movement of the center of
g.vi.ty from its normal position had no appreciable effect on the
recovery characteristics of the model.

For the landing condition (flaps dog 450  landing gear extended)
the recovery characteristics of the model were similar to those
obtained for the clean condition®

Recoveries by rapid fullrudder reversal from all inverted spins
obtained were satisfactory.

Replacing the original tail surfaces with alternate tail. _
surfaces (modification 1) had little effect on the recovery charac-
teristics of the model.

Modifying the- tips of the wing, the horizontal tail and the
'vertical, tail (square wing tips installed) (modifications 2 and 3)
had little effect on the recovery characteristics of the model in the
normal loading., clean condition, for erect or inverted spins
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Moving the horizontal, tail 19 inches up and 4 Inches rearward
(modification 5) had a beneficial effect on the recovery charac-
teristics of the model for erect spine but impaired the recoveries
from inverted spins.

For the armament Loading condition (L 	 and AIZ = m0 i 30 )

The addition of wing tanks (see sketch.) retarded recovery by
rudder reversal. Test results (data not presented) indicated that
the effect -%es due to a ballast c (increase in mass along the
wings) andnot due to the aerodynamic effect of the wing tanks.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE -L-SCALE MODEL OF THE BELL YP-59A ATRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model In the clean
condition and recoveries were attempted by rapid full rudder reversal from right ereet spins]

Normal loading dIX and AY E = 0.202X

Against with With
Ailerons Neutral Against Neutral1 1

1Full 3 - pull Full

U N D D U N N D D U 3-U D D U N D U Ni D U N D Zji[T U N D
Elevators

(a) (b) (c) (c) (c) (c) (d)	 (de) (ed) (c) (a) (b) Yd)

a, deg -

N
0
a
p
i
n

N
0
a
p
1
n

N
0
s
o
1
n

- 50

N0
s
p
1
n

53

N0
a

p
i.
n

25 53 47

N0
a

P1
n

53 53 54 -
N
0
s
p1
n

N
0
s
p1
n

-
N
0
s
p1
n

N0
s
PS
n

44 57 57 56

yl, deg - _ 2U 2U 1D 0 lU 3D 2D 0 _ _ 0 2D O 1D

rps
- •49 0.50 0.44 0.43 0.43 0.42 0.48 0.50 - 0.43 0.42 0.48 0.51

V, fps - - 182 185 226 197 188 191 182 179 - - &0 188 185 185

Turns 4_
f4-
4

g>3
 h

F8
6 113

for - -
54

f34i 14h i CAD CO - 124 00 - m
recovery 2 121

coo 4
11
2

12
12
15

AIX and AI Z = -0.30 IX AIY and AI Z = 0.251v aIy and AI 	 = -0.22 ly

With With With

1 Full 1 Full 1 FullAilerons Against Neutral Against Neutral Against Neutral
3

U N D U N D ?U U N D U is D II N D 2 U U N D U N D U N D 2 1 U N N D D
Elevator

a) 3 (k) (s (e) (e) (d) (e) (e) te) (k) (a (p) ) (c) (c) (c) (c)

a, deg - 52 56 21 54 53 22 30 48 53 - 57 53 25 59 51 38 42 56 53 -

o

a
P
1
n

o	 -

a	 -
P	 -
1
n	 _

o 0

a a
p o
S
n

- 54

0

s
p
n
n

50 50

0

a
P
i

0, deg - 5U 4U lU 2U 2U 4D 4D 2D 1D - 4U 4U 2D lU lu 1D 3D 2D 2D - 2D 0 0

11, rps - •43 0,41 .57 .44 .41 i .62 - •44 0.44 - 0.42h.43 - •43 •44 •37 - •42 •45 - - ,•45 •54 55
V,	 fns - 170 166 LUE 16 166 2 23E 16;163 - 17d 182 260. 170 182 00 221 188 182' - - 168 182 182

Turns -T7
i 1

3
l

far+

f
f4

1 1
- CO

Co Co

_ 4
1 1 5
L8 12 L62 >3 C0 CO >3 >7 S1 OD OD 00recovery too 51 7 1

e.g. moved forward 0.053' e.g. moved back 0.1On Lending edndi ti on, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevators U N D II N N D D U N D U N D U N 1) D U N D U - N D U N N D D_ U N D
(a (b) (0) (c (c) (c) (a) (b (c) (c) (k) a d(c c) (c (c (d

a, deg -
N
o

a
p

n

N
o

s
P

n

-

_

N
0

s

i
n

49 49
N

'0

a

i
n

55 56 54 -
N
o

s

i
n

N
o

s

i
n

- 55 58
N
o

a
i
n

51 57 55 -
N
0

a
i
n

N
0

s

25 46
N
o

s
i
n

55

lU
N
o

s
i
n

45 53 53

^, deg 3II 2U 2D 1D 1D - - 0 1II 4D 2D 2D - 5D 2U 3D 1H 0

in, rps •510.52 .51 .52 - •43 •45 - 3 444 - 8

182

o	 8
V, fps - 185 188 188 185 182 - - 185 176 188 185 18 - 2-2 182 168 18 182

Turns
31

2 f f51

for - - 2 1 co CO C. 4 5 Cb 00 Co

It

> 4 5
1

do 00 CO
recovery.

4z
fr2

f 
z7--

aLarge s pin radius, velocity too high to test, recovery
by rapid ,full rudder reveraal,.probably rapid.

bVelc eity too high and spin too oscillatory to test.
cTwo conditions possible.
d05cillator- spin.
eSteeper spin also obtainable.
(Model goes into inverted flight after recovery from

sight spin.
gRecovery attempted by reversing the rudder from full

with to 2/3 against.	
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

hRecovery attempted by movingthe elevator to 2/3 full
doom, rudder remaining with the spin.

1 Recovery attempted by simultaneously reversing the
rudder from full with to 2/3 against the spin and moving
the elevator to 2/3 full dDwn; model goes into inverted
spin after recovery from erect spin.

•1Recovery attempted by strultaneous neutralization of
rudder and elevator.

,Very oscillatory and wandering spin.
LViaual observation.
Neeovery attempted by neutralizing the rudder
n0scillatory spin also obtained.
0Steep spin.
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SPIN DATA OBTAINED WITH THE -L-SCALE  MODEL OF THE BELL YP-59A ATRPLANE - Continued
20

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition ar,3 recoveries were attempted by ra pid full rudder , reversal from right erect spins]

Inverted spins, normal loading Yodif Scstlon 1, normal loading Modlfloation 2, normal loading

Atlorons	 I Against Neutral With Against Xa.tr.1 with Against Neutral I	 WI th

Elevators D U
e

N D T1 N D U
a

N D U N D D II N D U N D U N D D U N D

a, deg

M-:0-

N
-

N
o

N
39	 39

N
o -

N
0

N
0

- 54 52
N
o

60 59 57 -
N
o

N
o

20 41 46

N
o

20 48 47

5U - 1U 2U 3D 1D 1D - 6D lU 2U D 4D 3Ddeg

p
1
n

p
i
n

0

a
P
1
n

-

_ s
p
1
n

0

s

P
1
n

5U

a
p
1
n

-

-

-

s
P
1
n

s
p
1
n

s
P
1
n

s
p
1
n

a

p
1
In

s
P
1
n

L

rps 0.50 0.54 _ 0.49 0.51 0.43 0.49 0.51 - - 0.43 0.47 o.44 0.47

•,	 fps 229 220 -
-

182 182 188 182. 179 374 339 219 210 176 194 207

1 3 f3-132Tao s
_ zl.

ap 00 _ >6 a3 3a2 >5
recovery 2 m76 4 f61m

4

Modification 2, inverted
spine, normal loading Modifications 2 and 4 , normal loading

Against With
Ailerons 13 

IIai 
130D Neutral 13 O,t13°D Neutral

250U, 100D 13°U, 13°D 130U, 13°D 2500, 100D

Elevators U N D U N D
U

N D U	 N D
(F)

(PN) (pY1 U N D ( P ) ( p ) (Dp) a N D

1a, deg
N
o

P

n

N
0

P

n

N
0

P

n

30
N
o

p

n

N
0

p

n

4p 39 35 -
N

_	 o

P

n

N
o

P

n

-
N
o

P

n

N
o

P

n

2D

22 -

N

A

n

54 55 51 43 52 52

0, deg
4U 14UU

3U 3U _ lU - 2D 1D 0 7D 0

rps 0.46 - 0.52 0.56 - - 0.42 0.47 0.50 0.39 0. 48 a49

V, fps 284 258 242 252 >36o >375 346 >360 220 200 204 272 220216

Turns

1 32.
12

12 91 qll rll q22 0 31 32
recovery

2 2 24

Modifications 2 and It, Modifloations2 and 5,
AI A and Llz = -0.30 I X normal loading

Against with

o ° Ailerons Neutral 13°Uai 130D Neutral 130U, 1j °D5 U,10°D 13II, 13'D 13 °II, 13°D 25°U, ZO°D

levators U N D U N	 NI D D	 U N D D N D U N D U N D U N D II N D
d (P) (OP)(cp)(ep o) e c e  (P) (p)

a, deg - - 51 49 17 46 45
48 46 - 50

51
_ _ _ 47 39

N N

°°

N N N

°

r3 3

N
o

N
o

H
o

N
o

56

deg 4TJ ° 5U °	 4D 2U 2TJ 2D 4D - 3D 1D _ - 1D 3U

P P

o n

p

n

P

n

p

n

p

n

P

n

rps - - 0.42
P	

J+5 v o.52 0.45 0.45 0. 43 0 .45 - .4z .43 - - - .46 .48

V, fps >339 >346 195 n 19 5 n	 332 196 198 339 192 188 - 195 - - 212 19195

Ito s - 1 2 21 L4 13

1
12

4^5 6 L9 -
3

po - - - jz 3
recovery 2

22
4 4 4

starge s pin radius, velocity too high to test, recovery
by sapid full rudder reversal, probably rapid.

bVelocity too high and spin too oscillatory to test.
cTwo conditions possible.
doscillatory spin.
®Steeper spin also obtainable.
fV..odel goes into inverted flight after recovery from

right spin.
gRecovery attempted by reversing the rudder from full
with to 2/3 against.

hRecovery attempted by moving the elevator to 2/3 full
down, rudder remaining with the spin.

1Recovery attempted by simultaneously reversing the
rudder from full with to 2/3 against the spin and
moving the elevator to 213 full down; model does
into Inverted spin after recovery from erect spin.

JRe covery attempted by simultaneous neutrulization of
rudder and elevator.

kVery oscillatory and wandering spin.
tVisual observation.
mRecovery attempted by neutralizing the rudder
noscillatory spin also obtained.
°Steep spin.
pModifioation 3.
gRecovery attempted before final steep attitude
was attained.

rRecovery attempted by full simultaneous reversal
of rudder and elevator.

NATIONAL ADVISORY
COMMITTEE i02 AERONAUTICS
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SPIN DATA OBTAINED WITH THE 1/20-SCALE MODEL OF THE YP-59A AIRPLANY -(CONCLUDED)

[Unless otherwise indicated, steady-spin data are for rudder -with aping of the model in the clean seadtfion
and recoveries were attempted by rapid full rudder reversal from right erect opine

Modifications 2 and 5 Modifications 2 and 5 2 Modification 2, alternate
AIg and AIy = -0.30I% inverted spine, normal loading armament loading

Ailerons
Against

Neutral
with

13pII, 130D

Against

13°D
Neutral

With
130II, 130D

Against
30u, 130D

Neutral With
30C,150D'°Dl3°U, 13

U D D U N D U N D ' U N D U N D	 U N D Q U D U N D V D
Elevators

33 25 49 45 40 44 43 32 35
24

31 - 63 56 64 54 46 61 61

N N N NA N N

 8II
p 0.56 p

211 2II 4II 211 1D 1D
o

P

0

P

n

0

p

n

3II 2U o11tD 3II - 0 SD O  1U III 2II 2II

qf.rl '̂ 0.50 0.42 .45 0.36 0.45 0.45 JA 9 p	 - 0.52 - r	 . o. o. 0.4 0.4 0.

n 252 n 264 194 197 219 201 204 n 271 257 n j^9 271 226 194 191 204 191 213 207 191

1
2- >3— z— >3— 3—

f
33
4

3 >4 m 4— 5— > 8 5— 5—2 ^.
4 2 2 f3 2 4 312 4

Modifications 2 and 8, Modification 2, Modifications 2 and 8,
armament loading inverted spine, inverted spine,

normal loading normal loading

Ailerons Against Neutral With Neutral 111th Against Neutral With
13011, 13PD 13OU, 130D 13OU, 130D 1300, 13

0
D 130U, 130D

Elevator (;) N D U - N D U N D U N D U D U N D U N D U M D

CC. deg 21 ° N
o

s
P

1

n

N
0

g
D
1

n

N
0

n
P
1
n

y

0

s
p
1
a

38 39 N
o
a

P
1

3< 38 38 N
o

s
P

i

N
o

s
p

i

M
a

•
P
1

33 38 N
o

s
p
i

36 38 33

A, deg 2U 4U 3II SU 3U 4U 4U 2II SU 2U 311

fA, rps 0.53 - 0.49 444 0.8 0. 53 53 0.51 0.50 - 0. 0.5

V / fps 332 304 374 - 287 255 290 274 251 290 268 279 251 731

Turns lq
1 l

l
for g - >3 - 2 it a >4 31;r 1i a a n 2

l3
n >3 4reoover7

atarge spin radius, velocity too high to test recovery

,':1
by rapid full rudder reversal, probably rapid.
0city too high and spin too oscillatory to test.

°Two conditions possible.
d0ac illotory spin.
°Steeper spin also obtainable.
fModel goes into inverted flight after recovery from

right spin.
gRecovery attempted by reversing the rudder from full
with to 2/3 against.

hRecovery attempted by moving the elevator to 2/3 full
down, rudder remaining with the spin.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

iRecovery attempted by simultaneously reversing the
rudder from full with to 2/3 against the spin and
moving the elevator to 2/3 full down; model goes
into inverted spin after recovery from erect spin.

Recovery attempted by simultaneous neutralization of
rudder and elevator.

"Very oscillatory and wandering spin.
1Visual observation.
II1Ftecovery attempted by neutralizing the rudder.
n :cillatory spin also obtained.
°Steep spin.

gRecovery attempted before final steep attitude
was attained.

°Wandering spin.,
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Mod/fication 6
(Dimensions fo//sca/e)

Zp

/26.00" External mW tbr& tested cn nw&-1 with
modified wmg and tort/ca/ tail tips. The
center of gravity /ocotiarn of of/ the tanft
W,75 /2.75 feet from the pone of synetrg

_ 3.6/ feet from the lead/ng edge of the
^+--D0,00,

wing at y : /2.T5 font and 0.22 feet be/ow
the center-/me of the nacelle_ .Weight ofe o

3.00 tank fi/W !09/ paLdld

76.00°

SrAW

_	
--	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

22

37.26°	 M-T4.38'^



ACA RM No. L7E15

21
°SCA E MODEL OF THE CURT IS XP-60 AIRPLANEIRRLANE
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Dimensional Data

(Pull Scale)

bk ft & a	 a 41 -44
Loft4 33*37
U-s 	in o	 ° °	 a a 87$0®
Sg sq ft o	 6. e	 o 275 900
A &	 a	 4	 .	 d & . C	 a .	 .	 a as	 6. 23
L.& F aft L.E. erg i	 ° -	 * e	 13. 58
Sh,	 zq f	 ..... °	 .. a 48.30

Se a eq ft 13 9 a
SVp sq ft a a	 a	 m 20- 75
Sro sq ft ° A	 a 1178

br, dg	 a a 30 R, 30 D

Sep dog R a 30 U, 20 D

Ba, deg 19 Up 11 D

6f2 deg a	 a e a a	 a	 . a	 45 D

TDPF	 a .	 . . . a	 . a	 320 x 10-6
Lending gear a .	 4 . C onvqntjonal

rev. hinge

aileron hinge	 `-

5.25"
it f/oi

o hinge

	

I1
	

1	 2.42'.

6.9.

e4.86'

^o	
I

^ e/mid p/mr^e

2 /.48"
.4S	 1147" ^

T.L. —	 --

-7 rudder hii
1 ° incidevlre

zoo2"

Mode/ as tested.

Ma ss Data
NATIONAL ADVISORY

Normal Loading	 COMMITTEE FOR AERONAUTICS

Ws _lb a o a e	 a	 o. o a 9277
:/B . .a . o e w ® ° x a s m 0.268
z/0— - e a ® . e a . m ° a o 0-105

IX, slug-ft2 4 a» a a a	 . 8920

Iy, slug-ft2 a	 a	 9181

IZ , slug-f t2 a	 a . . 17,224
`hest altitude,, ft a ® a . 10.000
^L (at sea level) ® a .	 . 10. 63
W (10,000 ft) . . . a . a 14.22
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~ekwne' of Model Test Results 

I n  the clean con&i.tion, normal loading, and normal control 
confi guration f o r  spinning, the model spun steeply (a = 32O) 
a d  reeo-ery was sat isfactory (2 turms) by rapid f u l l  l-udder reversal  ., 
Set t ing  tlie a i lerons against  the ro t a t ion  steepened tlie spin a d  
ek-gedited. recoarery regardless of e l emtoy  se t t ing ,  whereas se t t ing  
the ai lerons ~13th the ro t a t ion  l ed  to spins from which recoveries 
were unsatisfactory by rapid full- rudder reversal .  . 

Extending o r  r e t r a c t i a g  mass along the wings or  fuselage 
(LJX ;w?d = *.20 Ix, o r  &Iy and L U Z  = 10,20 m i n g  
the center of s a ~ i t y  forward or  back 'k0.058 from its normal 
posi t ion (cia-& not presented), extemling the laading gem o r  defleetfng 
the fJ-aps 45' alone (data not presented) or i n  combination f o r  the 
l a d i n g  conclitf on did not app~eciably  a l t e r  the spin and recovery 
@hwa,cteris t i c s  of the model. 

Xeeo-creries from inverted spins obtained were gemsretlly satis- 
factory By ra.pia f u l l  rudder reversal.  

Substitution of a modified tail (see sketch), re-krf sed af leron 
hinge l i n e  locatf on (more rearwmd), and alternate rmxinlwn a: 1 leron 
deflections d id  not a l t e r  the general spin and recovery character- 
i s t i c s  of the model. NATIONAL ADVISORY 

COMMIT TEE Fa@ ABROHAUVlCS 
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SPIN TESTS OF THESCALE MODEL OF THE CURTISS XP-60 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-:with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spins.

Normal loading AIX and AIZ = 0.20 Ig AIX and All = -0.20 IX

Ailerons Against	 I Neutral With Against Neutral With ARsInst Neatral with

Elevator N DI	 I N D N I 	 D U N D U N D N D U N D N D
U

N D
e e (e (a

a, deg 20 ,,= 2 32 32 37 38 44 53147 - 33 39 - - 37 - '34 - 42

de U U D 0 0 6D D D - 1D 0 - - - - - bu

L227
- SD - D

tl, rpe - 0.47 0-53 •42 .51 4 •3 .42 a4 - 4o a4 - - - ° - 1 - - o _=_ %_42_
z z 22 2'2 z _271L

Turns b
for 3

1^ 11 2 21 3 > 6
1

1 1
2

22 >4i >7 41 1 22 31 2z 2 1z 21 3
recovery 4 4 2 2 >32->6 2 2 2

AIy end AIZ = 0.20 Iy AIy and AIZ = -0.20 Iy Landing condition, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N	 D U N	 D U N D U N D U N D U N D U N D II N D U N D
Elevator a a a a e e

d -	 38 - - - - - 8 - - - 6 1 2 - 0 -
- -	 2D 1D 2D - - - U 2U _ D 0 0 - D -

r

for

47 - - - - 0 - -
z8z z8 -21 2 22 z0 - »

ql
>

- 21 11 -	 3
>ll

21 3 bl b 1 21 > 4 - >8
b1

l 3 2	 3l 4 >5  >9

Normal loadin modified tail , aileron Landing condition, normal
Inverted spins, normal loading deflectional6 ° up and 120 down loading, modified tall

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N' D U N D U N D U N D U N D 2CPU U D U N D U N D U N	 D
Elevator

(ec) a fl B

a	 de N
o

N
0

N
0 _ -

2 - -	 - - 0 - 0 - -

deg °_ _ - U 6U D 2D - D -	 - U^ -

11	 rpa -
0.40 0.51 0.56 0.41 0.46

-
0.43 _	

- -
0.4 _ •4 .460.45 _ 0.41

V, fps
ss
i
n

i
n

s
i
n

274 27 270 234 20 20 P671238 22 238 1 1- 181.181 - i >2 210 20 19 1 1 81 0 177

1 1
3

4 1
^

1 4Turns
for bi b, 1 13 32° 12- 1 1 d 5

e 4 1

2 a	 1. - >7 b l
2

8recovery 4 2 4 2 d 32 12 2 4 5 >7 ->2 4 2
Z

j
>4

NATIONAL ADVISORY
aWandering spin.	 COMMITTEE FOR AERO MTICS

bRecovery date obtained by reversal of rudder prior to attainment of peak velocity.
°Oscillatory spin.
dRecovery attempted by rudder neutralization.
eRecovery attempted by simultaneous reversal of rudder and elevator.

~/fled

Stabilizer chord litre

Horizodrto/ 11'tye-7

C of fuselage
FiY/ Chord Ake

modifisd tall
C	 onpnal tail

Aperture to lmdlAed
rudder to perm/t

'	 def/ectiorr.

.2°up

Fil ollset -
/. 5 ° to t1ie left

"Odified tall
e

1
s

Orl&.hal tall



a25 ="
e%v. hinge

b,	 ft	 .	 °	 .	 °	 .	 °	 ° .	 A 41 -31 1.37"
cos"	 sos s4'

.961,
L,	 ft	 n	 .	 .	 4	 ®	 .	 . .	 .	 d . 33. 63

1 ^.s9"
c,	 in °	..	 .	 .	 .	 .	 . .	 °	 . ° 86° 79 soo" -- — -

2,41"S,	 sq	 ft	 .	 .	 °	 .	 ° a	 °	 a 275.15
A	 m	 °	 .	 °	 .	 b	 °	 .	 m a	 °	 ° .	 6.21

L3®
L.E. a aft L.E. c^,, in ° 	° ° 12.46 s.s° szs°
Sb,	 sq ft ®	 °	 °	 m R	 . , 59 * 72

1 aileron hinge

Se ,	 s q ft	 Q	 .	 Q	 .	 a .	 .	 a .	 19 °33

^

4 flop hinge
—24.77°

Sv p	 sq ft ^	 °	 ^	 . A	 .	 ° ° 30-89

Sr,	 sq ft	 ®	 °	 °	 . .	 .	 . .	 17°02
b ,	 deg .	 .	 ° 25 R, 25 L 75°	 s°
b e *	 deg	 e	 .	 .	 .	 °	 . s	 30 U, 20 D

x.20"

6 e,,	 deg	 .	 .	 e	 ^	 ^	 ^ 162 U, 16
	

D

20. /7
1.52"//ss^-	

s.s^'	
^2„

b f i	 deg	 .	 A	 m	 .	 A	 8 .	 .	 ° °	 45 D sl'` .6/"

TDPF	 p	 m 350
x 10 6 T L.	

T - —Fj.
landing gear ° Retractable

€ uder
singe

/° incidence

Model as tested

Mass Data	 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Normal Loading

W,	 lb	 a	 R	 .	 .	 ®	 °	 . °	 °	 . .	 945 1 I	 I
 °	 °	 °	 e	 e	 —55	 x 10'4x/E .	 °	 e	 °	 °	 °	 °	 ° 6	 .	 . ° 0.253

z/—C 	 -	 °	 .	 .	 °	 e .	 ®	 ° s 0.119 2mb
Ix,	 slug-ft	 °	 .	 °2 4 °	 793 1 IY - I 

-4Iy,	 slug-ft	 .	 .	 °2 °	 m	 ° 10,690 ° A	 —138 x 10
mb2Iz ' 	 slug-ft 	.	 A	 a °	 .	 . 17636

Test altitud®	 ft . .	 „	 .
°100086

zI	 I s	 193 x 1041A (at sea level)	 . s	 .	 °
µ° ( 10 ' 000 ft)	 a	 s °	 ° 14.69 anb

Dimensional Data

(Full Scab}

NACA RM Noe L7E15
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Resume' of Model, Test Results

Moderate changes in the cent® f	 vity location (±0.056)
forward or back frm its nozmal position bad little effect upon the
recovery characteristics of the model,

Extending the landing gear alone did. not appreciably f t
the recovery characteristics  of the model. For the landing condition
(landing gem extended and flaps down 450) satisfactory recoveries
rapid full radderreversal could be obtained only vhen the elevator
w'e,s up ., regardless of aileron setting.
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SPIN DATA OBTAINED WITH THE ,M -SCALE MODEL Or THE CURTISS XP -60A AIRPLANE
EQUIPPED WITH AN ALL -MOVABLE HORIZONTAL TAIL

[Unless otherwise Indicated, steady-soin data are for rudder-with spins of the n;odel in the clean
condition e nd recoveries were attempted by rapid full rudder reversal from right erect spins]

Normal loading	 AIX and AIZ =0.691X

Ailerons	 Against	 Neutral	 With	 Against	 Neutral	 With

a	 a	 ab	 b	 b 	 c	 ( h	 (1	 ( a	 (	 (	 )

a, deg	 52	 4o	 34	 53	 39	 36	 53 	 33	 --- ----	 52	 32	 50	 37	 37

Elevator	
II	 N	 D	 U	 N	 D	 U

r37

	 D	 U	 N	 D	 II	 N	 D	 U	 N	 D

6, deg	 2U	 8u	 9U	 2D	 3u	 6U	 3D 	 113---	 --	 1D	 1D	 3D	 5D	 2D

R, rps	 0.39	 .44 0.45	 •39 o -43 o-47 0.40 	 0.48	 --- ----	 0	 0.40 0.49	 0	 0.38 0.45 1.07
N	 N

y	 f s	 188	 226	 232	 194	 226	 223	 188 	 223	 --- -	 -	 s	 197	 251	 s	 194	 219	 258

1	 11	 2	 1	 l l	 1	 1	 gl^
2	 n	 1	 1-	 n	 >23

Turn s
	 fl1	 e2	 11	 g 2	 11'	 g21	 kl l	kll	

24	 4	 4

recovery	 2	 2	 4	 4	 dt2	 lz1	 dg2 I>31	 g12
de 	 del	 dg 2	

4
^4	 moo

AIX and AIZ = -0.32 1X	 AIX and AIZ = -0.32 IX

e.g. moved forward O.CgE

Ailerons	 Against	 Neutral	 With	 Against	 Neutral	 'Ni th

a	 a	 ( b 	 ( ab	 (	 )	 ( a )	 ( a )	 ( b)	 ( b)	 ( b)	 ( a b)	 ( 1)	 ( I)Elevator	 U	 N	 D	 U	

NL6u	

U	 N	 D	 U	 N	 D	 U•	 N	 D	 U	 N	 D

0, deg	 4U	 7U	 7U	 2D	 4II	 6p	 ---- 	 4U	 8U	 9U	 1D	 5U	 6II	 7D	 ---- ----

a	 de	 0	 1	 64	 ----r

kl

	 46	 44	 42	 4	 6	 ---- ----

11, rps	 o.36 o.41 o.42 0.35 0.43 	 0 . 35 °--- 0 .42	 0.4	 0.4 	 0.42 o-4	 o.48 ---- ---- ----

V, fps	 194	 207	 207	 207	 219 	 194	 4 	 192	 201	 1	 204	 220	 20	 201 >3z9 >

1	 el3	 1	 g	 1	 5
TuorS	 11	

fls	
2	 klj 	 fll	

21	
Ill	

2	 1 2i	 fl26	 k1 l	klI
recovery de23 	 2	 ®4	 „jdg	 4	 93	 dg2	 4	 r4	 4	 )I .	 >6	 2	 2	 2

 Original XP-60A horizontal tail installed
AIX and Al, = -0.32 Ix	 or. fuselage at the all-movable horizontal

e.g. moved back 0.10a	 tail position.	 AIX and AI 	 =-0-32 Ix

Ailerons	 Against	 Neutral	 With	 Against	 Neutral	 With

Elevator	 U	 e	 e	 e	 N	 b	 b	 b	
D	 U	 N	

a	 b	
N	 D	 U	 N	 D

a, deg	 53	 39	 38	 46	 35	 35	 49	 ---- ---- ----	 42	 4o	 45	 39	 4o	 45	 ---- ----
0, deg	 2U	 8U	 1OU	 lU	 3u	 6II	 4D	 ---- ---- ----	 6U	 7U	 2D	 2u	 4u	 4D	 ---- _ _

11, rps	 0.33 0,35	 •37 0.29 0.37 0.39 0.31 ---- ---- ---- 0.41 0.46 0.28 0.43 0.47 ---- ---- ----

V, fps	 192	 220	 226	 207	 226	 223	 188	 11 >339	 278	 20	 200	 21	 20	 200	 1	 >3_,8 >	 8
e	 e	 '1	 1

Turn	
1

recovery	

f	
11 _	 sit	

4	
f l4	 gl2	

4	
kL l	kll	- -	

12	
d^	 11	

g2^	
d4	

kLI	 411
4	 3	 4	 4	 1

Modification 1	 Aix and AIZ = -0-321X
AIX and AIZ = -0.32Ix	 Equivalent test altitude = 30,000 feet

Ailerons	 Against	 Neutral	 With	 Against	 Neutral	 With

U	 N	 D	 U	 N	 D	 u	 N	 D	 U	 N	 D	 U	 N	 D	 U	 N	 DElevator	 ( h)	 (a)	 (b)	 (b)	 ( i)	 (1)	 (n) (ab)	 ( n	 ab	 n	 bn	 1	 3

a	 de	 ----	 3	 8	 4	 2	 °-° ----	 0	 --8	 -- ----
0, deg	 ---	 8U	 BU	 2D	 2113U	 7D	 ---- ----	 2U	 6u	 l0U	 2D	 1u	 4U	 4D	 ---- ----

J1, rps	 ---- 0.42	 .46 0.31	 -46 0.51	 .31 ---- ---- 0.40 0.40 0.40 	 .36 0.49	 .38 0.34 ---- ----

V, fps	 298	 216	 213	 251	 226	 226	 226 >338 >338	 252	 298	 290	 272	 311	 311	 284 >374 737

1

Tfors
	 Z 1

	13	 f2	 Ill	 g2	 ^.	
kl l	ktl	fil	

21	

Loa	 1
1	 2	

e2	
1	 ki l l gkll

recovery de	 db	 g3	 2	 B 14	 4	 21	 4	 at	 11	 2	 22	 3	 2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

roll.
aSpin oscillatory in
roll.

bWandering spin.
esteeper spin also
obtainable.

dRecovery attempted by
simultaneous reversal
of rudder and elevator.

eModel goes into inverted
flight after recovery.

(Model goes into left
erect spin after
recovery.

91dodel goes into inverted
spin after recovery
from erect spin.

hLarge radius spin.
iVelocity too high to
test.
3Spin oscillatory in
pitch.

kRecovery attempted be-
fore final steep atti-
tude was attained.

1visual observation.
mEeaovery attempted by
elevator reversal.

%scillatory spin in
roll and pitch.
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SglN DATA OBTAINED UITH THE 20 -S0+lk£ MODEL OF Tiff, CURTCSS XF-M& AI"LME

[IInless otherwise indicated, steady-spin data are for rudder-x2th spine of the model in the clean
oonditi.on and recoveries were attempted by rapid fall rudder reversal from right eraot spins.

Normal loading AIX	 and	 AIy = -0.36I X e.g. moved forward O.OSa

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator
D

D U N D U N N D U N D U N D U D II D U D U D
(n) (b b a

(
( a) as) ac d b b a a ab

a, dep, 46	 1 43 41 44 42 40 41 48 ---- 46 49 45 38 42 42 --- ---- 45 .40 43 39 ---- 37

deg 3U SU 6U 2D 2U 3U 6D 5D ---- 3U 6U 6U 1D lU 2U --- ---- 3U 7U 2D 3U ---- O

f1, rps 0.37 0.47 0.51 0.37 0.48 0.51 0.39 0.41 ---- O .b 0.45 0.47 0.3710.4c 0.50 --- ---- 0.3 0.5 0.40 0.53 ---- 0.56

V, •fps 204 207 207 216 216 210 220 200 338

12i

195 191 188 226 197 195,338 >359 207 201 213 204 248 207

l l 1-1
Turns

for 2
b2 2

ef,j 2
-A

efl 4 $ 1 3 om 2 f5

1

3 lz 4 P^ 1
1-1 P

reco very
eg3

hZ
-4

1- P24
A4 g

4 gy 5 4

e.g. moved back O.OSc Landing gear extended,
normal loading Landing condition, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral with

Elevator U N D U D U D. U D U D U D U N D U N D U N D
(b) (ab) (a) ( ab) (a) (d ab b a a bd ab

a, deg 46 .... 38 41 39 - -- 48 36 38 40 38 35 38 40 45 46 41 43 43 --- 44 41

deg 3U -- 4U 3D lU - -- 4D BU 6U 2D 3U 2D 0 4U 4U 4U 2D 0 1II --- 3D 3D

fl, rpm

1'201

.32 ---- 0.49 0.33 0.51 ---- 0.46 0.35 0..52 0.35 0.54 ---- 0.58 .33 0.44 0.47 ---- .45 .49 --- .44 .49

V, fps ---- 201 226 210 220 194 239 213 258 207 251 213 201 188 188 239 197 185 304 192 192

h f2 1Turns
or 1 - 1 f2 1t I 4

h2 1 f2 12 P2 i 3 h 1 1 31 h5 4 3 P3
recovery

1

4

f
2t 4 3

Inverted spins, normal loading a	 NAT16MAL ADVISORY
lYanderosc spin.	 COMMITTEE M AERONAUTICS

b1:^1e1 osc illatory in roll,
;Alerons Against Neutral With OTwo types of spin possible.

dSteeper type of spin also obtainable.
Elevator U N D U (;)D U ( j) (;) eRecovery attempted by simultaneous reversal of

rudder and elevator.
£Model goes into inverted spin upon recovery.
gRecove	 attempted b	 neutralizing the rudder.emp	 y	 T^

a, deg
N N N

34 35
N

51 43 34

2D 1Ddeg o

S

p

0

S

p

0

S

p

a

S

p

3D 4D 4D
hModel goes into inverted flight upon recovery.
"Nhipping motion to spin.
JOscillatory spin.

fl, rps 0.42 0.50 0.42 0.47 0.59

V, fps i
n

i
n

1
n

258 238 1 197 ]97 220
kModel goes into erect spin upon recovery.Turns 1 k l n

bl k l k1 LModel goes into wide spiral upon recovery.
recovery
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All-movable horizontal tail tested on
XP-60A model

16.67
/.38 	

Leading
edge

— --F-

	

1.23,

	 — 2
4.92'

(Dimensions full scale)

Modification /
Horizontal tail of same olanform
as all movable tail, having fixed
stabili3er and elevators.

/6.67' —
Leading eo'g

	

2.50'	 hinge1.08'	 -	 -	 -	 --
elev.

4A2?'	 hinge

-4 ^— 138,
(Dimensions full scale)

NATIONAL ADVISORY
CONNITTEE FOR AEWNAUTICS
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T 1

ladder
W"ge

Dimensional Data

xp-6oc

(Pull scale)

by f a s * 4 41.30
Lo ft a e e a z	 4	 o 33o92
F, in.	 . .	 . . .	 . .	 .	 .	 . 86.79
Ss. sq ft e .	 6 .	 .	 *	 275ol5
A 4 e * o	 o ^	 g	 0,.	 6.21
L. E. 5' aft L. E. or , in.	

.	
. 12.45

Sh , aq f * g a- v	 4	 o	 o 598O
Be so sq ft e 6 o- o	 6	 4	 19*34

Sv g aq ft o . w	 . o	 o	 o	 e 30e 89
Sr p aq ft a a a	 .	 ®	 17.00

arc dog @ a 25 R, 25 L
ae s dog o 0 U, 20 D

1
6&, dog e e m

1
I&L2 U, I	 D2

afs deg e e	 e e a s	 45 D

TDPF	 o * e	 a a a	 504 x 10-6
Lending gear R Conventional

NATIONAL ADVISORY

CONNITTEE. FOR AERONAUTICS

2478"

750

Model as tested.
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1 -SCALE MODELS OF THE CURTISS XP-60C, P-60A-1CU
20

AND P-60B-1CU AIRPLANES

Ca,pW,,4ron ofr--60C P-60.4-,-Ca, andAM, AW rrradeFJ

IQ60A and 

at

CU
Canoay and fuselage	

XIX60C Cockp&	 0-41-1
XP-60C	 and fUS&1aq6	 h7d

P•60B-I-cu

A6W-FCC/
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P-60A-ICU and P-60N-ICU

(Full  a lq )
b^p .ft^' 41.304
Lp	 f	 .	 m	 a	 . o	 . 33 .473',,	 i.n.	 .	 .	 .	 .	 .	 . .	 .	 .	 . 86.79
8 sq ft	 .	 .	 e . 275.15A,	 Q	 .	 W	 ^	 .	 ^	 .	 ^	 ^
L.E. 5-aft L .E. or,

^	 ^	 ^	 s	 6. 21
in.	 12.45(Values of areas for o iginal

i1)
Sh,	 s q ft V	 .	 *	 .	 . .	 .	 .	 . 59-80Se o	 sq ft .	 .	 ^	 .. a	 .	 .	 .	 19 .34

Sv,t aq ft 4	 .	 .	 . .	 .	 .	 .	 . 30Q
Sr, sq ft .	 .	 . ^ 	 .	 .	 . 17.00
8r, deg	 a	 . .	 25 R, 25 L
8 6'* deg ..	 . .	 0 t7

ap deg .	 .	 .	 e .	 .	 .	 .	 . 45 D
TDPP (orig. tai 1) . .	 462 x 10-6

DPF (mod. tail) . .	 468 x 10-6
Landing gear 	. . .	 Conventional

Maass Data NATIONAL ADVISORY
COMMITTEE FOP A RO AUTIC

Normal Loading

xP-60C P-60A-ICU P-60P-ICU

Wp	 lb .	 .	 .	 .

^Vo
.	 .	 . 10,370 9995 10,370.	 .	 .	 .	 .	 .	 .	 .	 e	 .

Z140 .
.	 .	 .	 .	 .	 .	 .	 0.212 0.253 0.212.	 .	 .	 4	 .	 .	 .	 .	 .

IX,	 slug-f°t2 	.	 .	 e
Po	 .	 .	 .	 .	 .	 .	 0.092
.	 .	 .	 .	 .	 6969

0.092
6969

0.092
6969

ly, s lug-ft
 , 2	

. 11,902 11, 119 11,, 902
z,	 slug—ft	 e 17330 16547 17330

Test altitude, ft .	 4	 . "
W ( at sea legal)	 .	 .	 ..

^	 .	 a	 .	 ^	 ^
.	 .

15 , 000
11.92

15, 000 15, 000
(15,000 ft)	 .	 .	 .	 .

.	 .	 .	 .	 .
.	 .	 .	 .	 .	 . 18.95

11-505
18.25

1192
18.95

Ix	
l

b2 —g0 x I0 -4 —78 x 10 -4 —89 x 10 -4"
ly - Iz

mb2
-1o0

4
x 10-4

x 10 -49 —99 x 10-4

Yz - IX
.	 .	 .	 .	 .	 .	 .	 .

mb2 .	 .	 .	 .	 ig0 x 10-4 180 x lo-4 188 x 20-'4
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of	 l Test Basults

The P-46CIB-IM was tested vith both the o	 vertdcal tail
and a modified varbical tail, The model representing the P-60&-3W

shown In the accomparqing sketch.

Pasults of spin and recoverytests of the model of the P-6016-IM
air modified vertical l vere very almd1ar to results
obtaimd with the P-60= model.	 NATIONAL ADVISOAY

COMMITTEE FOR -AER AUTICS



SPIN DATA OBTAINED WITH THE 
I 

-SCALE MODELS OF THE CURTISS XP-60C, P-6oA-1-CU AND P- 6oB-1-CU AIRPLANES

[Unless otherwise indicated, steady spin data are for rudder-with spins of the model in than
Clean condition and recoveries were attempted by rapid full rudder reversal from right
erect spins at an equivalent teat altitude of 15 9 000 feet]

XP-60C, normal loading XP-60C, normal loading, 30,000 foot altitude

Against
Ailerons Neutral With Against Neutral With1

r3s11

Elevator U N D	 xU U N D UUb N D
a N D

s N D U Dab
a, deg 44 43 41	 46 47 41 39 ---- 23 ^o2 50 45 41 50 47 41 ----. ---- ----

0, deg 4U 5U 5U	 lU 2D lU 2U ---- 6D 3D 3U 3U 4U 4D 1D lU ---- ---- ----

n. rps 0.44 0.53 0.58 0.50 0.44 0.56 0,59 ---- ---- ---- 0.41 0.52 0.54 0.41 0.52 0.57 ---- ---- ----

v,	 'fps 239 245 248	 239 242 245 245 ---- 385 385 3o4 3o4 3o4 304 304 301 ---- ---- ----

2

of 1ETurns
for c 11-

2
2 d2-1 	 2-

4

1

4 2 f 12Z 112 1 f 1 12- 13— 1
3z 23- 3 f 

2'_ ---- 2
f
2

recovery >3
1
Z 4 4 4 4

>3Z

,P-60B-1-CU, normal loading,
P-60B-1-CU, normal loath modified vertical tail

Against Against
Ailerons Neutral With Neutral With

—Full 3 Full

Elevator U N D 2U U N D
(b) b

U N D 2U U N D
i b b

O

n, deg 44 42 42 47 50	 1 43 39 --- --- ---- 41 43 39 46 48 41 40 -- ---- ----

f4.	 deg 4U 5U 5U 2U 2D lU lU --- --- ---- 3U 4U 4U 2U 4D lU lU -- ---- ----

11 , 	 rps 0.44 0.52 0.57 .48 0.45 0 .55 0 .58 -- --- --- 0.44 0.55 0.58 0.48 0.44 0 . 54 0 . 58 -- ---- ----

V, fps 242 236 239 245 233 246 246 --- --- 385 245 238 245 242 233 242 248 -- 332 353

2
e2

Turns
for 12 2 1 22 24 2 f2 1

z
¢ 1 14 1i 24 22 2 14 f24 2 l 1®f 22

recovery «`+++

5^

P-60A-1-CU, normal loading, aWandering spin.	 NATIONAL ADVISORY
modified vertical tail bSteep spin,	 COMMITTEE FOR AERONAUTICS

eModel goes into left spin upon recovery from
.Agains right spin.

Full
1Ailerons Neutral 613th d Recovery attempted by rapid movement of rudder
5 from full With to ? against the spin.

eRecovery attempted by simultaneous rapid fullElevator U N	 DU U N D T'
D

N
(bj)	 (bj)(i) reversal of rudder and elevator.

f odel goes into inverted spin upon recovery froma, deg 42 :	 38 45 44 - - -° ----- 39' erect spin.
hRecovery attempted by neutralizing rudder.
Recovery attempted by neutralizing rudder and the
elevator simultaneously.

a Wandering and oscillatory spin.
jTwo types of spin.

0, deg 0.4U -	 6u lU 3n - - _-- _ ____ 3D

11, rps 0. 42 . - , 0. 560 -460-43 - - --- -	 ---- - ---

V, fps 229 -	 236 233. 223 - - --- _ --_ 234
Turns
for 11

2
_	 21 d21 1 _ 14 -	1	 fll

recovery 4 a	 4

263



Dimensional Date,

(Full Scale)

A
b e ft o	 0 °	 ^	 °	 . m	 ^	 *	 ° 41-31
L, 1t .	 . .	 a	 °	 ... °	 o	 .	 e	 33091

in.	 ° .	 .	 .	 °	 ° .	 s	 °	 ° 8679
S, sq ft 0	 °	 0	 °	 . d	 °	 °	 275.15
A . .	 °	 ° s	 .	 °	 °	 ° °	 .	 °	 ,	 6.20
L.E. c aft L.E. or in ° 	°	 . 12®46
Sh , sq ft m 0	 54-W4

Se, sq ft ( total)	 ° .	 °	 0	 °	 14°23

Sv, aq ft .	 .	 °	 m °	 .	 °	 .	 21 .45
Sr, sq ft (total)	 ° °	 -	 °	 10®39
6r , deg . .	 . 25 R. 25 L

8ee deg 4 -	 *	 ° 30 Us, 20 D

bap deg m .	 o 1	 ° U, 16^ D

8 f , deg * o	 s	 o	 .	 ° ®	 .	 .	 °	 45 D
TDPF	 . . .	 °	 .	 .	 ° .	 372 x 10-6
Lending gear .	 .	 ° Conventional

NACA RM No. L7E 15
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. 1--SCALE MODEL OF THE CURTISS XP-60E AIRPLANE
20

	

— i	 335"

12.'77" ie%v. hinge

806 	 t'i/eron hinge

	

6 03 	 85.2 c

600"

	

37.5%c.	
69*

4.62"

—2479"

75°

3.32°

	

/2.85	 01'x"

	

.40"	 Z °	 4.25"

T.L.	 -	 --	 -
1./9"	 ^ rudder

hinge
/ntidenee

20.35"

Model as tested

Mass Data
NATIONAL ADVISORY

	

Noel Loading	 COMMITTEE FOR AERONAUTICS

We 1b g & ° . ° 4p R e ° *	 10,39.0

A/^ . . . . ° . . . ° . . s 0.257
zfe . ° .	 . . ° . A . ° ° 0.092
2x, slug-ft2 s h . ° . a e 6969
Iye slug-ft2 4 * . 	 11,119
1Z$ slug-ft2 . 6 .	 16,547
Test altitude, ft ° . ° ° 15,000
^t (at see. level) ° ® ° . N 11.94
W ( 15,000 ft) e . 0 ° 4 ° 1900

i
x ly m	 m	 e	 —75 x 10-4

mb2

Iy	 IZ # . . ® ° . 6 —98 x 10-4
mb2

IZ Ix	
173 x 10-4

mb2



NACA RM No. Z7.815	 262

Resume of Model Test Results

Test results for 'both right and left spins are presented because
the model as tested was slightly asymetrical in mode. construction.
As indicated by the date ., these asymetries did not appreciably erect
the 'test results.
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SPIN DATA OBTAINED WITH THE 1w-SCALE MODEL OF THE CURTIS-XP-60E AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder-with Spina of the model In the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spin

Normal loading, left spins Normal loading s right spins

With With
Aileron* Against Neutral Against Neutral

Pull Pull

U

N D V N D U zUUU U 9 D	

'

U N D U N N	 I D 200U U N D
Elevator (s)

I (a)
a) (ab) (a) (a) ( b

e
(b (s. (a) (a) (e!

a, deg 26 36 1 35 - 36 36 31 24 1	 57 21 19 33 28 29,_ IS -
deg 1II 7U 7U - ZU lU 2D 9D ZU - 12D 3D - - IDF 7D 3D 10D -

n, rps .44 0 .53 0.56 - 0.56 0.55
I

0.47 0.53 0.4-9 - 0.75 0.83 - 0.51 0.52 0.5r, 0.57 0.5C . 0.86 .

Vn fps 319 258 255 346 265 236 ' 352 M2 284 1	 340 352 388 385 272 252 396

r

>304 352 - 424 -

1 2 2 1 A4 d ad a 

2
ad 

41 4Turn s
for 0 ->Zg 2c

2

T-252

21
4 O2 2 4

2 ^02fi 4 4-Recovery,
3 3

1 ad, c
1

1 C 1 d
r	 ;1 21

1
21

2t 172 73 4
I ^ I

3
I 2 2

1

1	 AI X	and	 AIZ = -0.20 1 AIX	 and	 &I Z = -0.201X&I_x and 	 AI	 = 0.202
s pins, ele

Z
ator-np spins

AIX and 417	
= 

0.201

I
Right spins Taft spins, elevator-up Right spins, alevat6r-upLeft	 v elevator-

up
 spin. spins spins

Aileron* Against Neutral Neutral TItb Against Neutral With Against Neutral with
( f)

Wl^.th
( P (f) (f)

a, deg
N

0

S

1
p
n

29
N

0

S

p1
n

- 27
deg 5D - 7D

di, rp s 0.41 - - -

V, fps 352 318 352 352 298 368 352 284

Turn
3
4 I

a 1 a
^2

for
11

37 42^ a

C;,21 2
an

2;
0 12Recovery 1

1

e.g. moved back 0.06-e, left e.g. moved back 0.0a, right
NATIONAL ADVISORY

a0scillatory spin.	 COMMITTEE FOR AERONAUTICS
spins, elevator-up spins spins, elevator-up spins bTwo types of spin.

Ovisual observation.
dRecovery attempted by movement ofAilerons

Against Neutral Against Neutral With
(ef) (f) of) (f) the rudder to 170 against spin.

a steep spin.
fWandarIng and oscillatory spin.
EModal continued spinning when launched

with rudder against spin.

JL ' rps - 0.03 0.80 0.76

V, fps 374 304
Turns
for 1 1 3 :3Recovery 2 2 L 2

. 11,
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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I CALE MODEL OF THE NoRTBRop xP-61 AIRPLANE
34_8

Dimensional Data

(Full Scale)

bs ft *	 o	 * .	 9 *	 a 66*00

Lp ft *	 *	 9 *	 * *	 o 49.50
'T, in. 	.	 . .	 . .	 .	 .	 .	 .	 126-30
S, aq ft	 0 *	 0 0	 .	 *	 0	 0	 663.30
A 0 .	 $	 0	 0 .	 . .	 .	 .	 .	 0	 0	 6.57
L,. E. 5aft L. E. ar t	 in.	 ®	 .	 .	 0
Sh , aq ft * *	 * .	 o	 .	 .	 .	 120960

Sep aq ft * o	 ® *	 .	 *	 *	 *	 9 49e50
Sv , aq ft . .	 . .	 .	 .	 .	 .	 . 91.40

Sr , eq ft . -	 - 39.00a
rt dog *	 9 35 R, 35 L

S e , dog e	 ® 30 up 20 D
6a , deg . 4o u,	 0 D

30 extended

6f, percent (for take-off)
100 extended

(for landing)
TDPF	 . .	 . .	 . 1103 x 10-6
Landing gear & o	 Tricycle

Zap flap extended	
el&y. hinge

Se
	

-T

60%c
	 T3

1010t to scale
	 ZW

^'^ aileron hind

2640*

0

712'

'oe
.57'

T.L.
rudder

Incidence /.,5*	
hinge

—19,

Model as tested.

Mass Data

Normal Loading

248=4 of Model Test Results

In generalp the nodel span no"rately steep in the nomml
loading., clean condition,, with a high rate of descent ,, aud recoveries
frca all spine were satisfactory by rapid full rudder , reversal or
elevator reversal from elevator up spins.

Extending xwe along the wings or fuse2age (aX and,61Z - 0.30 IX
or 4Er and ATZ - 0.20 ly) or moring the center of gravity fomard
OeO& or rearv&vd 0,09^6 UmA 14++1z,
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SPIN DATA OBTAINED WITH THE 1 
SCALE MODEL OF THE NORTHROP XP-61 AIRPLANE

[unless otherwise indicated, steady-spin data are for rudder -pith spina of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Effect of control manipulation on
Normal loading turns ror recovery from the elevator AIX and AIZ = 0.30 IX

u 	 positIon	 normal loading

Ailerons Against Neutral with
Ailerons With Neutral

Ailerons Against Neutral With
udder neutralization >2 ^2

II N D II N D II	 N D
Elevator

II N D II
c

N D 9
c

N
c

D
ab

Elevator (ab) (c) )
	

ab) (ab)
Rudder released >4

1
N2a, aes ---

N N
o o

s a
P P
1 1
n n

33
N N
o o

s e
P P
1 1
n n

37 31	 °-- a, deg --°-

o 0

a a 0'
P P291
i i
n a

40

o 0

a a
P P
i i
a n

--- ---

deg --- ID 1D 1D	 - -- Elevator reversed pi, deg 2D

n , , rps --- 0 44 0.48 0.57	 --- Elevator neutralized X22 ^2	 ji, rps °°° --- ---
V, fps -°' 289 .289 306	 -°-

Elevator released ^2 _'%2
V, SPs --°- --- °°-

Turns
for ---

. 3
- 1p 3-	 ---

Turns
for _°__ 14 --- ---

Simultaneous reversal
recovery 4 4 4 of elevator and

rudder	 l

1

2

3
recovery

AIY and AIZ = 0.20 Iy AIy and AIy = -0.09 Iy e.g. moved forward 0.06c

Aileron Against Neutral With Against Neutral with Against Neutral with

u N D u N D II N D II N D II N D	 II N D II N D II N D II N D
Elevator (c) (d) (c) (c) (ab) (c) (c) (ab) (ab) (ab) (c) (c) (ab) (ab)

a, deg 37

o 0

a
P P

37 32 --- 43 33 °-° -

0

®
P
1

0

a
P
1

34

0

a
P

32 ---- --- ---

o

a
P

0

a
P

34

o

s
P
I

0

a
P
i

3fi --- ---

9, deg 2D 4D ID --_ 2D 2D --° 2D 0	 0 --- --- --- 2D 1D --- ---

rps 0.35 0.36 0.55 --- 0.35 0.52 °-- - 0-40 a 0.47 --- --- --- 0.51 0°46 --- --_

V. fps 274 264 291 296 271 296 --- -- 291 P	 291 , --- --- --- 284 276 . --- ---

Turns
for 1

n n 11 --- 1 .. 1 -°- °_
n n

1
n n

1 -°- --- °--
n n 1 n n 112 -°- ---

recovery 2 14

Flaps fully extended,
0.9. movedback 0.053 normal loading Landing gear extended, normal loading

Ailerons Against Neu ral	 with Against Neutral With Against Neutral with

Elevator u N D II N D	 II N D u N D II H D	 II N D II N D u N D II N D
(c) (c) c c ab ab c

a , des 39
N N

41 34 41 26 --- 34
N N

35 42 42 39 43 ---
N N

---
N N

---
N NN N0, deg 1D 0 0

s a
p p
i 1

0 1D 0	 1D 1D -- 0 0 0

a s
ppi I

2D 41 o	 D D --- o

a
p
i

o

a
p
1

°° o

s
p
1

o

a
p
1

-°- 0

s
P1

0

a
pi

A., rps 0.35 0.35 0.46 v 0.3 o.51 --- 0.39 0. 0.66 a 0.-8
p 209

0 0 °-- __-
V, fps 276 269 271 p 271 274 --- 209 204 199 199 192 - 286. 2861 I
Turns-
for `

n n 1
1

1
1...

n	
3 1 -- 12

n n 3.1 314 n	 I2t 2
I12 13 ---

n n
12

n n n n

recovery 4
4

Take-off condition, Landing condition, normal loading Inverted spins,
normal loading normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator II N D II N D U N D A N D II N D II N D II N D II N D II N D
(ab) e) (c)

a , de s '-°
N N

- -
N N N N

44
N N

42 44
N

42 45 45
N N N

38
N N

35
N B0, deg - -- o

a
P
i

o

s
P
1

--
-
®_

o

a
P
3

o

a
P
S

--
- -
--

o

a
P
i

o

s
P
i

3D o

e
P
i

o

s
P
i

2D 2D o

a
P	 206
S

D 2D 2D o

a
P
i

o

a
P
i

o

a
P
i

SD O o

s a
P P
1 1

5D o o

sa
P P
l i

rpa -- 0.40 0140 0-46 0.4 0.47 0.49 0.43 0.42

V, fPa _-° 206 204 197 197 189 30 299
1 l

Turns
Por -

n n
-

n n
-

n n I
12

n n
2

3
1

n 1
3

1 n n n an 14

1
n n

24 14 14
r}

e
re co vary 2g

aStesp spin.	 d00scillatory spin.	 NATIONAL ADVISORY

Re
bEigh rate of d®scent ® 	oRe vein condition also obtainable.	 COMMITTEE FOR AERONAUTICScovery attempted by neutralizing rudder.



Dimensional Data

( Full scale)

b, ft	 °	 .	 s	 p	 . °	 °	 °	 .	 .	 53 -65
L, ft	 °	 °	 °	 °	 ° ®	 Q	 °	 °	 .	 39° 50
c, in .°	 °	 °	 °	 " °	 °	 °	 °	 °	 104 °70
S, sq ft	 °	 °	 . °	 °	 °	 °	 ° 420°00
A. °	 .	 "	 .	 "	 ° .	 °	 e	 .	 °	 6.85
Sh , sq ft	 ®	 °	 . °	 °	 °	 °	 °	 85-95
Se , sq ft -	 "	 ° °	 °	 °	 31 °58
SV , sq ft	 °	 °	 ° °	 "	 °	 °	 °	 36-35
Sr , sq ft 8	 °	 ° "	 °	 °	 °	 ®	 18 ®74

br, deg	 °	 °	 .	 ° °	 °	 ° 30 R, 30 L
be , deg	 °	 °	 °	 ° *	 °	 ° 30 Up 	15 D

6 a , deg	 "	 °	 ®	 ° °	 s	 " 16 U,	 l6 D

6 f , deg	 °	 °	 °	 ° °	 .	 "	 °	 °	 45 D
TDPF	 .	 °	 °	 e	 " °	 ° . 241 x 10

®6

Landing gear	 ° "	 ° Conventional

Ce

1h9e

6„

NA.CA RM No. L7E15
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1/22-SCALE MODEL OF THE CURTISS XP-62 AIRPLAIE

29,26"

a°
L.^09"

/.6o"

.e3" 	 X07"
TL.	 m

	

.	
z'

	

/°isrcf?155' ice	 ^yir^ye

Mass Data	 Mode/ as tested.

Normal Loading

W, lb . ° ° ° ° ° ° . ° ° 14,545
x/T, ° ° ® ® ° ° ° ° 6 ® ° 0.250
z/e ° ° ° a . ° 0.095
IX , slug-ft2° ° ° ® ° ° " 13,241

Iy, slug_ft2 . ® ° ° ® ° 22,545

I2 2 slug-ft2 ° . » ° ° ° 33,714

Test altitude, ft ° °	 10,000
Test altitude, ft	 " 30,000
g (at sea level)	 8.45
01 (100000 ft)	 ° ° ® . 11. 44
e (30, 000 ft,), 	° ° ° ° 22-52

Ix — Iy ® " . ° ¢ m a .71 x 10-4

mb2

Iy - Iz Q e °	
.y e 

° -86 x 10-4

mb2

Iz - IX " . ° . . " . ° 157 x l0-4

mb2
NATIONAL ADVISOR'S

COMMITTEE FOR AERONAUTICS
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` of XMI01 Test eeui s

With	 ended along the vIngs to simulate 	 eight--gun
airplane loading (ATE and Alz 0,41-	 the recovery
teristics of the model vere satisfactory for all control settir43s
except the adleron-with,,, elevator-up  spin. 	recovery),

With	 e extended along the fvteelage (ATE and ATZ - 0.15 )0

With	 s retracted alonge	 ^	 Z = -0,15 IYI
the r000veries were satisfaotory from all spine obtained.

fo	 or rearward movement of the center of gmvity ±0,456
from its normial position had little effect on. the spin or reoovez7
chazwteristios of the model.

For the landing coulition (landing gear 	 , flays dcmm 4503,
the	 el recovered, satisfactorily bypi 	 erreversal
spine o	 €'ben the Bile	 we set	 in*

e landing gear alone bad little effect on the spin or 	 e
characteristics  o	 a model,

Recoveries  by rapidreversalf	 rove	 opineobtained	 eatief to e
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SPIN DATA OBTAINED WITH THE 
22

-SCALE MODEL OF THE CUMSS XP-62

[Unlessothe raise indicated, steady-spin data are for rudder-with spins bf the model in the clean
condition and recoveries mere attempted by rapid full rudder reversal from right erect spins]

Normal loading
Rudder-neutral spins,

normal loading
AI	 and	 Al.X 	 ° 0.4117

Ailercna Against Neutral With Against I	 Neutral Against Neutral with

U N D U N D U N D U N D U N D	 U N D U N D U U H D
Elevator (ab) (a) (a) ( c) (a) (d) (b) ( c) (a) (hi) ( i (a).

a, deg 34 4o 51 z8 35 137 126 1	 21 25 34 48 -- 29 32 34 30 32 34 36 •- 42 32N
o

a
P
i

n

N

0

s
P
1

n

N _

2, deg 8u 8u 6II o 4U 4U 11D 3D 2D 9u 7U - 0	 7II 8u 8u 3D 1u'_ 2u SD -- 3D 5D

1l, rps 0.39 46 o.44 .430.50 49 0.76 68 -- --- -- a 0,41 0.53 a56 0.41 0
..

54 ' 0.54 0.39 -- O-4E 0.55
V, fps 257 207 191 278 230 220 33 319 278 31 18 -- P 285 250 238 278 238 239 257 217 237' 235

Turns 4 2 4 1 1^ 24 git

1

1

for e e1 1

p
gl
2 - - -- 1 1j 2 112 >3 >4 2 92recovery fee fee fee1

>2
f
>3

1

AIY	and	 AIZ = 0 . 151y AIY	 and	 AIZ = -0.151Y e.g. moved forward 0.05c

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N D U N D U N D U N D U N D II N D U N D II N D. II N D
Elevator (b) (c) (h) (3) (9) (b) (J) (b) (a) (c) (h) (S)

a, deg 35 53 53 28 36 39 --- --- --- 30 36 39 29 34 35 -- --- 23 31 39 5 1 29 34 37 --- --- 20

0, deg IOU 5U 5U 1D 3u 5U --- --- --- 8U 110 9U 2u 5U 6II -- --- lu 8U 9u 6u lu 5u 511 --- --- 1D

11, rps 0.36 0.40 0.4 0.4 0.4 0.46 --- --- --- 0.43 0.5 0.52 0. 0.5 0,55 -- --- 0.76 0.43 0.48 0.46 0.4 0-51 0-5 1 --- --- •73
V, fps 250 191 182 278 231 217 --- --- --- 60 220 210 71 227 217 --- --- 78 54 17 188 274 227 217 --- --- 334

Tf®rs 1 5 9 1 2 3 k4 k4 gk4 2 k
12 1 12 1z -- k4

gl. 24 34 1 22 k4 k4
g1

recovery 4

c.g° moved back 0°05c
Landing gear extended,

normal loading
Landing condition, normal loading

Ailerons Neutral With Against Neutral With
Puilnat

Neutral With

Elevator U N D U N U N D II D U N U N D II N D U U N D U N D
b (a (c) (h )( ) (ab) (a) (c) (e bh bh bh

a, deg 31 40 47 28 34 -- --- i6 --- --- --- --- -- -- -- 45 48 48 43 --- 45 45 ---

0, deg 8u 9u 6u 2D 413

rD

-- --- ID --- --- --- --- -- -- -- 5 5u 6u 3u -- lu 2u ---
0

fl, rp s •35 -43.43 0.41 .4  --- --° 0.8 --- --- --- --- -- -- -- 0.3 3	 3 0. 3 --- --- ---
s

fps 257 191 74 230 -- --- 362 257 207 282 238 -- -- 191178 1 --- 18 8 --- ---
P
i

Tfors

1

Z

4

1 1 2 k4 k4
g2

2
3

12 '- k gl 14 52 64 2 k4 34
1 k4 k4 n

recovery 4 2 1 34 4

Inverted spins, normal loading Normal loading, 30,000 feet 80scillatory spin.
equivalent test altitude bLarge radius of spin.	 _

°Wandering spin.
Ailerons Against	 I Neutral With Against Neutral With dSteeper spin also obtainable.

eRecovery attempted-by simul-
Elevator U N D U N D II N D U N D U U N D U N D taneous reversal of rudder

(h) (b) (a) (i) ( i) (h) (c) (c) and elevator.

fReneutr
aliziempted by

ng rudder.
gModel goes into inverted spin

 upon recovery.
hWandering and oscillatory spin.

.a	 der, N
o

s

N
c

s

N
o

S

31 34 3 0 491 461 32 33 54 55 54 32 551 54 --- 53 52
0, deg lU 2U 0 5D 5D 4D 5U 2U 4U 1D 1D 1D 1D --- 2D

.n, rps 0.3 0.43 -510. 0.42 -52 36 U.42 •43 0.37 0.37 • 420. 43 --- 0-14,2143

V, fps
P

i

P

i

P

1

238 238 244 191 201 230 369 250 250 264 377 250 250 --- 270 250
'Two types of spin possible.

'Steep spin.Turns 1,
22

1 11 1
for n n n 2 2 14 5 6 4 1 7 7 k7 spin. 

rudder
5 g5

kModel
recover y

f f4 >4 f2
I

tRight aileron 50 down, left>3
aileron 50 up-

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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15
'-scmz moms of THE .7p -63, P-63A,-j. BE, Aim

VIE-TAIL P-63A-1BE Aimmic.

0.60'-
.3S

11—	 ^A

	

- f-	

#

i
/3.76"

f'Y45/"  8.05'-'- _ .50„

667

	

35 % C.	 - - a ¢ aileron
5./ hinge 85 % C.

	

2.33+	
7.BT" ¢ f, -,5hinge

0

306T"

i^

5.5

	

2528'	
/V 	 .73„

	

.62”	 .83"	 4.95"

T.L.
- rudder

hinge
130 incidence

Model as tested.

Dimgns.ional Data

(Fall Scale)

P-63 and P-63A-1-BE

b y ft ^ . ° m9	 38.33

Lq ft .	 o A 31.33

, in &	 * g °	 a	 o	 82°5l+

S, sq ft 4	 °	 °00

A * o	 e. p m	 m®	 5®92
L.E. c aft L.E. Or,in . °	 °	 6.50
Sh, sq ft ®	 °	 ° m	 *	 -	 °	 44.01

Se, sq ft (total) ,	 .	 .	 ®	 14.50

Sv, sq ft a	 a	 °	 . °	 ®	 *	 25 .48
Sr, sq ft (total) 9	 ®	 °	 .	 12.01

gr, deg 30 R, 30 L
g W deg 35 T7 9 15 D
Sap deg ° °	 ° °	 °	 15 0', 15 D
Elf, deg s .	 a	 m	 a .	 °	 a	 45 D

. .	 234 x 10°'6TDPF. ® °	 °	 m	 °
Landing gear .	 N . . .	 Tricycle

137"	 962"-

is

0384"	 4.51-

	

2.33"	 1001

	

6.67"	 I

^s1°'- 35%c

	

787"	 E aileron hinge

0- flap hinge

3Q67'"

	

40'	 0^

4.67	 5.5°

With the stick full back or
forward 

'
fall  rudder deflection

cannot be obtained; and, conversely,
with fall rudder pedal; deflections,
full stick movement cannot be ob-
tained.

ele-radder
hinge

SO"

333`1





Retxacting mass along the wings QI X and AIZ = -0.40



EktfmIzing lihe fag *w a f b p s  &om 45O ( ng condition) 
had an adverse effectupon the meomry eWeecbr is t les  of the m o b 1  
a d  r eco~e r i e s  from al l  spins obtafwQ ~ m m  unsatisfactory by rapid 
fPxEP rudaer ~eversrsl. 

Recoveries from a.21 inverted spins obtainet3 wem satisfactory 
by rapid full z-ud.tb9r reversal. 

The ~ - 6 3 - 1 - ~ ~  nmdel was dhenaiont%Uy similar to  the HP-63 model 
'wi th  mothfficatfon 7 fneorpor@ted in to  i t s  dhgsfgnj the m d e l  d9ffewd 

however in  ma^ eWae%rf B ~ ~ C B .  Generally %he spin and. meov8r.y 
ekmracteristfos of the mo&el vem eAmt1ar t o  .those of the XP-63 m d e l  
revised ~ I t h  m&if4icatfoma, 7 a d  best  mcoveries we= ob"l;afmre& sa2tla 
tk ai%erom se% f u l l  against %he spin. 

~lrae i a s W h t i o n  of a w e  -tail on the P-6%-I-SIE: l e a  t o  spins 
from *which mco-9-eries were mpi8 @en the ailerons were agxS.net 
the spin w i t h  best  mcoverofes bei eag. obtaimdl ~~Ihem We e l e d d e r  , 
acting as tiin elevatorI was tn the up positEon. With the e l e rude r  
act ing as an elevator f d l - u p  onily 1/8 r pedal tmve l  was 
tdllmed. Xhen the d l e r o m  were s e t  1~3th the q i n ,  reeoverfes 
were unsatisfactory .. Mderafx mfiraetion of mass along the w i n e ,  
or  mwiat%ogg~~ i n  the center-of-gravity position ha& l i t t l e  effect  
upon the recoveany cWac-terietics of the mob1 (dEe~;sb not pmeeaated). 

NATIONAL ADVISORY 
60HMlTTEE FOR AEROlAOTlCS 
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SPIN DATA O9TAT27ED WITH THE 
I 

SCALE MODELS OF THE BELL XP-63 AI:D P-63A - 1-RE AIRPLANE3

(Unless otherwise Indicated, steady-spin data are for rudder -with spins of the xP--63 mbdel in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Effect of mass variations and a g..
Normal loading movements on spin caarecteristics AI X end AIZ = 0.20Ix

for ailerons-neutral, elevator-
up spins5Y t

Ailerons Against Neutral
3

Full a° V ' Tfo s Ailerons Against
recover

ale vatcr U N D
( a )

U
(

27 00
b(	 )

N D U
(a)

23oU II
(a)

N D AI	 and AI
X0.20 (a)(a) 36 236

1 Elevator
U N D

a ) Ix 22 , 3 (g) ( a)

g - _
AI	 and AI
=x-0.40 IZ (a) 43 197 147, z o, deg -- 59 64

19

1"]

V, fps 264 159 241 ---_ 161 1^ - 1 1 1
1

lly
1

22
AI	 and Al
X0.20 Iyz (f) 38 213

I

4
fie, des - --_ ___

Turns

for 1 14r (^
c21
22 16Z Da e 2 cpo

>jlX
4 1)7 Oo

AI	 and AI
-0420 IZy ( a) 30 264 ------- V, fps -- 167 153

d

1

d
1 e.g. moved

forward 0.056 (fl 38 224
I

2- Turns
for -- 4 7

recovery d2 d12

4
c.c. moved (f) - 207 11

recovery
bf 6u O.iOU

Modification 1, Modification 1 and 2, Modification 3, Modification 4,
normal loading normal loading normal loading normal loading

with

Ailerons Neutral 3 With Neutral	 1 With Against Neutral 113 Full Against Neutral With

23oU 15 .0 N 230U N 15oU N D 15 0U N N D N D N N D 20OU N 230U 20OU 15oU N 2OoU
Elevator e a a

a, deg ---- ---- ---- ---- -- ---- I ---- ----
---' -- ---- ---- ---- ---- ---- ---- ---- --- --- ---- - -- ---- ---- ----

v,	 fps 2071 1801 164 ---- --1 1631 158 158 163 -- 207 179 202 184 236 ---- 264 --- --- 207 215 -- -- 174 ----
--

13

1 C2 c l
22Turns

for 4 3^
1

)'4l -_ 2
1
2

21 2
°'

1
1- c

3 2 c22 0 2 2 012
4

g- --- 12 a 3 c 1 4
c
>2

recovery 24 4 3 2

Modification 5, normal loading Modification 6, normal loading

With Ag Rinst 'With
Ailerons Against Neutral Neutral1 1 I

Full Full -
3 71

Full

20OU D 20OU N U 20OU U D N D U 20OU U 201U N D 20OU U N D
Elevator (a (e

V, fps ---- 171 ---- 179 ---- ---- ----  ---- 174 169 258 258 207 207 174 174 [-- -- 207 ---- 236 196

c 1
42

c 314 1
z4 c > 1	 1 13=- c 1 

1224

1 1
4

c
1

1c 14
1

14
c1
12

1
2

1
44

1 c 1
24

h __ 1
12

1
244

4
)22

NATIORAL ADVISORY

eOscilletory spin.	 COMMITTEE FM AEMMJTICS

bFlat spin.
eRecovery attempted by rudder reversal from full with to 213 against the spin.
dRecovery attempted by simultaneous reversal of elevator and rudder.

eRecovery attempted by neutralization of elevator and movement of rudder from full with to 213 against.
fWsnderin¢ and oscillatory spin.
gVery steep spin. 	 1
h.jodel seems to recover after lZ turn, whips and reenters spin.
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SPIN DATA OBTAINED WITH THE 15-SCALE M	 dODELS OF THE BELL XP-63 AND P-63A-1-BE AIRPLAIES - Continue

[Unless otherwise indicated, steady-spin data are for rudder-with s p ins of the XP-63 model in the clean
condition end recoveries were attempted by r—id full rudder reversal from right erect spins)

Modification 6 and 7, Landing condition, Inverted spins, landing

normal loading modification 6 and 7 1 condition,
normal loading modification 6 and 7

Ag ainat 1 alnat With Against
1 1 1 1Ailerons Neutral frith Neutral With

Full 3 Full - Full Full

U II 20
0
U U 20°U N 20OU N 20°U U	 N 20°U N D U 15°D 20OU N D DElevator

( g ) (B) (1) (1)_

V,	 fps >325 258 230 264 226 230 230 158 -- __ 207	 158 . ---- 236 ---- ---- 207 >294 ---
N
o

N
0

Turns
for

--__ ° 1
1-4 c 11Z 1 c 314 c 7^ c 2

3.-3°
^

1
1
2

°2

1
12 ____

--°- c___ ---- ---
s
P

s
P

recovery 4 4 44 2 1 1

Normal.loading,
Normal loading, modification 7, (left spins) modification 7,

(right spins)

Against With With

Ailerons Full Neutral I Full Against Neutral
3

gull

N D 20°U U 20°U N D II 20°U 20°U N D U D 20°U U N 20°U D
Elevator (e (a) (e (a) (1) (e (a) (f)

a 	 deg, 0 8 6 z 0 6	 40 8 8 ---- ---- 28 26 ----

0, deg

L0.46

4U 4U 0 1D 1D 0 0 3D 2D	 5D 8D 5D -- - ---- 3D 2D 0 3D ----

11	 roe 0.48 0.50 0.41 0.44 0.40 0.47 0 .49 0.46 o.41 0.47 0.54 0.54 ---- ---- o.4o o.6o o.65 ---- ----

v, rpa 174 I6L 196 196 196 139 176 136 196	 190 206 206 ---- ---- 235 246 246 235 ----

°z 4
Turns
for 1 2 21

jj
c l{ 2 2 3r 51 °2 °21	>21 2 1 ki^v c l ____ kl

°12
kEit

rFrecovery 2 2 4 2 2 2 2 k 4Z

AI,X and AI,
="O.22 IX

AIX and AIy
0.22=

AI, and AIZ
= -0.36 IX

AIY and AI Z AIY and AI
-0.20 Iy

Modification 7,
IRR

Modification 7, Modification 7,
0.20 IT-

Modlficati 0n 7,
-

Modification 7
(right spins) (left spins) .(left	 spins) (left spins) (left spins)

Ailerons Neutral
3 
With Neutral ; With Against Agains With Against With Against

3 
With

U I D 20°U N 20OU U 20°U U 200a D 200u U 0°U D 20'U N N	 D 20°U U
Elevator a f a 1 a a
a, deg 32 --- 35 --- 45 42 49 4 46 54 44 42 -- ---- 44 - -- - -- 40 37

p, deg 2D --- 2D --- 1D 0 2D 2D 5U 3U 0 lU -- ---- lU - -- - -- 2D

rpe --- --- 0.39 0.41 0.39 °--- ---

2D

11 °-- 0.3 0. -- ---- ---- - °- - -- ---- ---

V, fps 241 --- 235 --- 196 204 190 190 174 157 196 184 -- --- 196 =

fND

-- -. -- 196 201

Tfors ---- --° o1 --°
°2

11

2 ck3
c3 11 4j °14 °1 1 L1

c

11 - __ -- c21 °2
recovery 2 °°22

°Oscillatory  spin.	
COMMITTEE	 DVINAUTKS

°Recovery attempted by rudder reversal from full with to 2/3 against the spin.
fWendering and oscillatory spin.
gvery steep spin.
i Wandering soin.

JFlyirg condition.
kVisual observation.
Z Recovery attempted before final steep attitude attained.
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SPIN DATA OBTAINED WITH THE5̂ SCALE MODELS OF THE BELL XP-63 AND P-63A-1-BE AIRPLANES - Concluded

[Unless otherwise indicated, steady-s pin data are for rudder-with spins of the XP-63 model in the clean
condition and recoveries were attemp ted by rapid full rudder reversal frori right erect spins]

Aly and d z e.g. moved forward e.g. moved back Lending condition,
- -0.20 1yy 0.05c 0.1a normal loading,
idodifioatlon 7, Modification 7, Modification etion 7, Modification 7,
(right spins) (left spins) (left spins) (left spins)

Al lerors Against With Neutral
3	

Stith Against
3	

With 3 Against	 Neutral
3

6Vith

N D 20OU D U D 2OoU N DElevator N D 20OU N D 20OU N D U D	 20°U D
( a ) (a) (a)

a,	 deg ---- ---- 34 ---- 36 ---- 44 --- --- ---- ---- 45 ---- ---- 46 -- -- 47 --- 47 ----

^. deg ---- ---- 3D ---- 1D ---- 1D ---- --- ---- ---- 3D ---- ---- 2U -- -- 0 --- lb ----
rps ____ ____ ____ ____ ____ ____ _____ ___ --_ ____ ____ ___- --__ __-- _-__ __ -_ ____ -__ _ _

V, fps ---- ---- 220 ---- 212 ---- 196 ---- --- ---- ---- 196 ---- ---- 174 -- -- 174 --- 174 ----

Turns
for -___ ---_ p12 -_-_

1^
----

c 2
--- --- ---- ---- °1 ---- ----

c
-- -_ 21 --_

c

recovery 4 2

P-63.1.1-BE, normal loading, left spins P-63A-1-BE, wing gun
loading, left spin

Against With

Ailerons Neutral Against Neutral 1 With
1
1 1

Full
3

Full 3

U 20OU N D U 200u N D II 00U U 00U N D U N D U N 20OU N.
Elevator (m) (a) (a) (a) (1) (a) (a) (a)

deg --- ---- ---- 47 30 d3B 39 44 46 4 -- --- 40

N
0

s
p
1
n

N
0

s
p
1
n

N
0

s
p
1
n

4z 50 46
, deg --- ---- ---- 5u 2D 1D 0 0 3D 3D -- --- 5D 3D 2D 1D 4D

Q rps --- ---- ---- 0.49 0.4 0.44 D.48 0.51 0. 0.42 - --- 0. 2 0-51
1 1 --

fps - -- >293 >2 1 6 24 212 20 1 1 221 1 0 - 1 6	 20 1 6 202 168 1 1

Turns
for ___ k2 k2 n2 O1 1

O13 3 n
4

02 c 2.
c 3 __ k y

1	 4
_;

n 3
2 3

c	 l
'5^

stover y n^ c2
2 c2

2rg 34r
n Z

P-63A-1-BE, vee tail
P-63A-1-BE, vee tail installad, notimal loading installed, inverted

spins, normal loading

Ailerons Againat Neutral With Against Neutral With

lerudder U 190 N D D U 90U 'N 901) D II 90U N 901 D U ND U N D U N D
el ev at or ( o) (p) ( (r (s (ot) (ip ( u (ru (av ( ow (	 ) (	 u) (ru)	 (aw) (s (	 * (o ( s ( (o (s) (o

a, deg --- 41 52 50 37 45 '54 61 50 61 58 59 5o 49 60 52
T:
o

N
0

N
0

N
0

N
0

P

.

_. N

0

N

o
deg --_

1D ^9II 7U 1D BD L4D
7IID

6D 3U lU 0 2U ID 2D 2D
s

P
a

i

I
1

s

i

s

1

12U a

1

s
PR, rps --- 0.34 0.35 ---- 0.25 430 0.34 0.36 - --- 0. 0.48 0. o. 1 0 0

V	 fps
n n n n n _ 229 198 198 249 a_2 221 187 177 198 n El n 177 171 . 177 179 171 171

21 l 11
1

32Turns
for --- 1

1,12
1 1 00 >j

4
3	 >3°

1
1 2 Co

1
>3- m

recovery xz > 2 x 4
xOD 2 x

Co

"Oscillatory soin.

ORecovery attempted by rudder reversal from full with
to 2/3 against the spin.

1Wendering spin.
kVisual observation.

mSteeper type of spin also obtainable.

nModel goes into inverted flight upon recovery.

°Right rudder pedal 1/8 forward position®. Recovery
attempted by wing left rudder ped'al to
1/8 forward position.

pRight rudder pedal 5/8 forward. Recovery attempted
by moving left rudder pedal to 5/8 forward position.

4Right rudderpedal full forward. Recovery attempted
by moving, left rudder pedal full forward.

rRight rudder pedal 7/8 forward. Recovery attempted
by moving left rudder pedal to 7/8 forward
position.

sRight rudder pedal 1/2 forward. Recovery attempted
by moving left rudder pedal to 112 forward
position.

tSteep wide radius spin.

uSpin oscillatory in combined yaw .end roll.

uSpin oscillatory in pitch.
wWandering spin, oscillatory in roll.
xRecovery attempted by neutralizing rudder pedals.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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MODEL OF THE MoDONNELL -67 AMP LANE

Dimensional Data

(Full Scale)
e% *,Ogg

b, ft	 a	 .	 R	 e	 b	 4 C	 4	 b	 Y	 e	 55-00

,pL,

f	 a	 .	 G	 2	 .	 . &	 4	 e	 0	 R 42 .69 

V $. in b	 R	 R	 e	 R	 e .	 5	 0	 4	 . g6-33

S, sq ft	 e e	 R	 R	 414.00

A
7	

. .	 .	 .	 . jj e	 e	 . e	 e	 .	 .	 .	 7.3
/
0

L.Ee	 a g 	LF	 t L. Be Or2, ill,	
®	 b	 0-00

Sh. sq ft .	 .	 .	 . e	 .	 e	 e	 " 78.30

Se .0 sq ft	 R	 e e	 e	 W	 e 3 6. to
SV* sq ft e	 R g	 R	 R 41.30

S
r.*

$q ft R	 4	 e	 @ 9	 D	 4	 9	 e	 24.60

6r, deg	 ^	 m	 R	 e	 R e e	 30 R, 30 L
6e , deg R	 e	 e 30 0p 15 D

6aa, deg	 .	 0	 9	 R	 4	 30 LT A,	 15 D

ba, " stickdeg	 13 u,	 D.	 -	 9e5

6&, ^, deg (revised) e	 R	 15 U,	 15 D

6$s deg ( landing condition) . 15 D

( Aileron deflection s measured
from drooped position)

6 f, deg	 o	 R	 o	 ^	 , e	 g	 R	 e	 e	 45 D

TDP'	 e	 e	 R	 R	 e	 e e e	 484 x 10-6
landing gear	 O e e	 R	 e	 Tricycle

2.78"

t Hap
eawm

-A F
2.X"

B3.S^c

24.44°

50

353"

r/.3^	 ¢ ruc^r
r/zz"	 3	 hiix^

.01	 00Imideme

.95"

Model as tested.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Mass Data

Normal Loading

_IX 	e. R e R e e	 86 x 104
mb2

Ty - IZ	
e	 R	 R -200 x 10-L

mb2

!6^"

1z-21x-
	 e	 114x10-4

mb
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Resume of Model Test Results

For the normal loading, clean condition, and normal control
configuration for spinning, the model spun at a moderately flat
angle of attack (a = 480) and recovery by rapid full rudder

reversal was satisfactory t11 turns . Setting the elevator down
before reversing the rudder steepened the spin but had little
effect upon recoveries. Simultaneous reversal of the rudder and
elevator produced satisfactory recoveries, but merely neutralizing
the rudder or reversal of the elevator alone did not give satis-
factory recoveries. Setting the ailerons either partially or
full with the spin had an adverse effect, whereas setting the
ailerons full against the spin had a favorable effect.

Extending or retracting the mass along the wings (6IX and
AIZ = 0.15 Ix, or bIg and &TZ = -0.10 Ig), extending the mass
along the fuselage (AIy and ATZ = 0.40 Iy), or a 0.054" forward
or a 0.108 rearward movement of the center of gravity had little
effect on the recovery characteristics of the model.

For the landing condition (landing gear extended, flaps x+50
down, ailerons drooped 150), the recovery characteristics of the
model were similar to those obtained for the clean condition.

Satisfactory recoveries by rapid full rudder reversal were
obtained from all inverted spins, except when the stick was forward
and to the right.

For the normal loading clean condition increasing the spin
altitude to 15,000 feet had a slight adverse effect upon the
recovery characteristics of the model.

For the normal loading clean condition, modifying the hori-
zontal tail and ailerons (with revised aileron deflections) (see.
sketches).had little effect on the general spin and recovery
characteristics of the model.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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.SPIN DATA OBTAINED WITH TEL ^7-SCALE MODEL OF 'TW2 MCDONNHLL XP-67 AIRPLANE

CUnl3ss otherwise indicated, steady-spin data are for rudder.-with spina of the model in tke clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spi-I
at an equivalent test altitude of 10,000 feet_J

Normal loading Effect of control manipulations on turns for recovery
from elevator-up spins, normal loading

With
Ailerons Against "eutral 1 Full Ailerons

Recovery attempted by:
Against Neutral With

II N D U N D II U N D

Neutralization o£ rudder > 2
Elevator

53 5 0 47a, deg 33 48 32 32 49

0 0 lU 4D 3D 3D Reversal of rudder andA , deg 0

a a

1 i
n n

1D 1D 3D
neutralization of elevator 14

)3

Q, rpa 0.24 0.32 0. Ia3 0.!+9 0.31

f4436

0 .33 0.

198

0. +1+

v, fps 255 212 252 240 205reversal
198 198

Simultaneous	 of
rudder -nd elevator

1 1
22ell

Turns
for 1 11 1 2 >`^' >4 °32 1

recovery 2 2 °2 Reversal of elevator >5
1 on

AIX	and	 AIz = 0.151x AIX	 and	 AI$ _ -0.10 Ix AIy	 and	 AIz = 0.40 ly

Ailerons Against Neutral 11th Against Neutral With Against Neutral 'Kith

Elevator II
a

N D - D N D U N D U
a

N D U N D U N D U
.1

N IID	 U N D U N D

a, deg 40

o 0

a s

i 1
n n

5o 43 37 56 53 51 3T

o 0

a a

i i
n n

49 33 32 54151 46 49 29 52 44 41 58 53 48

0, deg 1D 1D 0 0 3D 3D 3D lD 1D 10 1D 4D 4D 4D lU 2U o 2D

a 0.26
2D

0.34
1D

0.38
4D 4D 5D

0, rpa 0.24 0.30 0.40 o.46 0.34 0.41 0.4 4 0 oa9 0.40 Q-4 0.32 0.40 0. 0.24 0 .33 0.30 o.36 0.37
V, fps 255 212 219 '237 198 194 190 255 212 263 240 198 198 219 270

i 
208 212 219 205 198 194

T 210°°2 n

for
1

12 2Z c
>7 >5 d4 lZ l3 d11

3i
>3 °3 1 1 2 d2 >3t >3 °3

recovery 4

e.g. moved forward 0.057 e.g. moved back O.lOc Landing condition, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U N D II N D U N D II N D	 II N D II N D II N D	 U N D U N D
(a) (e) (f) f
32

NN
0 0

a a

p p
i 1

46 32 32

0

56

4D

52 5o 48 -- 52
N --
0	 2D

a 0.24

41	 31
--	 ---

59 52 52 49
N
o

a
P
1

45 27 28 26 39 31

o 1D 1D 3D 3D 2II -- 1n	 1D 3D 3D 3D 3u
N
0	 3D 1D 2D 1LID 6D 6D

r;a, d

0 0.31 0. 0. 1 0. 6 0. 0. 0.2 -- 0.34 o.41 0.31 0.3 0.3 0.2 a 0.27 0.38 0.45 0.27 . 0.39 0.45

263 219 255 244 194 194 187 219 -- P 205
1

229	 248 194 198 198 212 P 219
1 259 255 278 226 244

I

1

n n

li lI 11 >5 >4 03 1

n 
11

i

11	 dl; >3 >31 >33 1'L

n n 1

1 11 0 1 x1' j	 ;^. >32 022
recovery 2 2 2 2 04

2 2 2 24 4

Landing gear extended, Inverted spins, Normal loading, aLarge radius
flaps down 459
normal load!

normal loading equivalent teat altitude, 15,000 ft
of spina

bosc111atory
spin.

Ailerons Neutral With	 Against Neutral With Against Neutral '111th
Model goes
Into an in-

Elevator U N D U N D U N D U N D U N D II Sd	 D U N	 D
(b )

II N D verted spin
upon recovery.

dModel goes
into an in-
verted flight
upon recovery.

eateep and
wandering
spin.

a, deg 43 ---- ---- 57 41 -
N

-	 0

-
s

-	 P
'i

N
0

s
P
i

N
0

s
P
i

31
N N
0 0

a s
P P
i i

41 40 137 33 ---- 49
--2D

39	 37
-

55
--

9 48
--"

0, deg 3D ---- ---- 4D 5D 1D 5D 4D 3D 0 IT---- 0 0 0 4D 4D 4D

0, rps 0.27 ___ ----- 340..041 0.38 0.37 0.42 0.50 -__ -___ e 0.31 0.45 0. 49- 0. 35_ --

219

0.45 0.47
----

, 223V, Spa 221 ---= ---- 198 219 270 229 219 234 .278 >435 P
1

234 248 263 219
- --

Turns
for

1
1 --m- ---

-3
>3 2^

n

-

n n n

1

n
1

>2°
1 1

I
1
°

n_

----
1

2-
c

j
l

2°
1

>51 >5
0 1
5°

fWandering and
oscillatory

recovery r+ 4 2 Olt
4 2 4 2 2 2 spin.

Modified'horizontal tall, modified ailersona Modified horizontal tail, modified ailerons giodel goes
into an erect

(Oa® 150U, 150D) normal loading 0U,(Asa )5150D), landing. condition,
normal loads spin upon

recovering.
With hModel recov-

Ailerons Against Neutral Against :7o utral With era in anFull erect posi-
II V D U N D U N D U 11 D U	 :I D U 11 D U 17 D Lion.

Elevator 1 b b (b) (1)
30

9D

_
^38
-
4D

 ianndering
spin.a, deg 38

0

s
P

n

0

s
p

n

45 34

o

s
p

n

4

---- ---- ---- 47 41 34 5 0 38 31 47
_

37 32 32
--
D.^, deg 0 2D 2D __-_ ____ -__- 7D bn LFD 0	 2U 2U 2d 0

--
1D

R	 rpa 0.28 0.2 0 0, ---- ---- ---- 0.3 0.1.3 0.	 8 0. 0. 0. 48 0. 2 0. 0. 8 0.2 O.L1 0.18

V, fps 263 223

Ii
2

252

21

212 248 240 212 219 215 205 223 240 212 219 240 256 219 229

Torte 1

2
22
4

>4 21
2

>3 >4 c 3 >31 2L
4 4

d21
4

14 22 -2 1
2 24 032

recovery 2 1 4 1 c4
3
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Comparisonof modified and original horiza4tal
tails tested on mode% (f/ertLl to// was not revlsed)

to - Inal ^	 I ^	 i ^ rnodlfied
elevator	 elevator
ninge	 ----------'	 `-----	 hinge

Revlred ailerons
(Revised alleraAix extended

to wing tlpF)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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i^7-SCALB MODEL OF THE REPUBLIC XP-69 AIRPLANE

28.

Dimensional Data

(Full Soale)

bs ft $ . & o @ . 9 . ® . - 52 .00

ft$........ ¢ .51.67
o,	 in .	 .	 . .	 . ..	 a	 .	 .	 O 124. 00

S, sq ft	 ® .	 . ..	 .	 ®	 .	 . 508.00
ABm....... 5.32
L. E.	 aft L. E. or	 in. 0
Sh, aq ft Po 102*00
So,	 aq ft 2 5	 Po 0	 4	 B	 tl 6 28 0 76

Sv$ sq ft 49 .50
Srs	 f3q ft " 18m 67
6r, dog o 30 R, 30 is

6e2	 drag * 30 U, 20 D
6 a, dog ® O 20 U, 20 D

& f* deg * .	 40 D

TD.	 ..	 " .	 s .	 .	 .	 590 x 10-6

Landing gear	 . . .	 Conventional

	

iso"^	 -	
470„

	

it elec hinge	 !

/9.06	 13 7/"

/o9', rss" 11 I 1 146:95 °

^---^- L^-----60"^—^r0„

chord line( ^ 1

8. 26"

4	 L ^ aileron hinge
- L. f.. flop

3/20"

L+O

	

V	 - 3/.00'= -----	
/.38„

03" /9.11'=
5.72"

/ 4' t rudder
11.8 ° incidence	 hinge

Model as tested.

mass Dat&

No a l Loading
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Resume° of Model Test Results

Extending or retracting Maass along the Brings (6I X and
Mz =.±0.30 IX), retracting Maass along the fuselage (AIY and
QIZ = -0.20 Iy), or moving the center of gravity 0.106 back from
its normal position did not appreciably alter the recovery charac-
teristics of the model®

For the landing condition. (landing gear extended, flaps down
400), the recovery characteristics of the model, became worse
inasmuch as recoveries became very slog from aileron-against spins.

Recoveries from all inverted spins were satisfactory by rapid
full rudder reversal.

Increasing the test altitude from 12,000 feet to 30,000 feet
led to flat spins from which recoveries were unsatisfactory by
rapid full rudder reversal,

NATIONAL
COWITTEE
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SPIN DATA OBTAINED WITH THE 
I
-SCALE MODEL OF REPUBLIC XP-69 AIRPLANE

Unless otherwise indicated, steady-spin data are for rudder-with spina of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spina.

Recoveries attempted by various control
Normal loads n6 manipulations, normal loading

Ailerons Against Neutral With Ailerons Against Neutral With

Elevator U N D U N D U N D
Elevator II N D U N D U

a
N
b

D
Neutralising rudder ^ 2 3 1^ 1 2	 -__- ___ - 1

a, deg 30 34 45 28 24 28 24 " ---- 17
Releasing rudder 1 2 00 2 1 Qp (c) (c)

0, deg 4II 6u 5u 6D o 1D 16D ---- 3D
Simultaneous reversal
of rudder and elevator

1
2

 3
^ `--- ---- -_

__
S1, rps 0.40 0.44 0.42 0.46 o.61 0.57 o.6o ---- 0.97

V, fps 278 2'46 207 294 311 265 272 >425 399 simultaneous neutral-
ization of rudder
and elevator	 -

3
4

°___ ___
Turns 1 3 1

3
3 3 1

for
recovery

-
2

1-
2 4 r+

1 ---- ---- -2 Reversal aP elevator 00 °__ _- 00 ---- °°__ ____ ____ ____

6IX and 6IZ = 0.30 Of IX AIX and AIZ ° -0.30 of .IX AIy and AIZ = -0.20 of Ty

Ailerons Against Neutral With Against Neutral With Against Neutral with

U N D U N D U N D II H D U N D U N D. O N	 D U N D II N D
Elevator (d) (o) 'eI (b) ( b ) ( 1') (b) ( b ) b,' 1) a (bl

a, deg --- 38 -° 31 34 - -- -°- 23 46 46 17 24 37 26 -- °- -- - 38

N 5u

27 29 	 31 °- --- 16

0, deg ---N 6u -- 1D o - -- --° 3u 7u 7u 4D 1D 113 o h -- -° - 2D -- -°- 2U

Si, rps
0

.44 --- 0.50 0.48 - --- --° 0.36 0.40 o.41 o.48 o.6 0. 0-.58 --- --- --- --
0

0.4

r	 2z

1
n

•58 - --- •03

v, fps -- p 245 265 265 245 -- 375 >400 284 201 197 339 298 213 268 >375 X375 >375 --

F5DI

245 -= 400 360

1

1

1 1
To na n	

1 --- 1 12 -- --- --- Z
lZ

14 -- --- 1
recovery

e.g. moved back o.10-c Landing condition,, normal loading Inverted spins, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N D U N D U N D U N D' U U N D U N D U N D U N D
Elevator (e) ( b ) (b ) ak :(b) a a b a

a, deg

o

s

1

45 44 33 33 36 42 50 49

0

B

1

---

0

a

1

0

s

I

0 0

s a

ii

-°- --- --- ---- ----

9% deg 6II 6u 8D 5D 1D __ _-_- ---_ 5U 4U 311 ---- --- --- --- --- ---- ----

il. rps 0.35 0.38 o.3z o.4 0.43 °- --- ---° .34 0.38 0. 39 ---° --- --- °-- --- --°°

V, fps 213 210 258 245 226 -- 400 -375 204 179 176 ----

t22

50 31 272 3o4 332 >34o

11

1

Turns n 1 2 1 1 -_-- 21 6 5  n __: n n n n
2

___ (1) 12 ___-

recovery 4 4 z 4 1

Normal loading - 30,000 feet aToo oscillatory to test.	 NATIONAL ADVISORY
equivalent teat altitude bHigh rate of descent.	 COMMITTEE FOR AERONAUTICS

°High rate of descent model will not spin with free rudder.

dRadius of spin increases, model probably will not continue to Bpi

SToo wandering to test completely.
f0scillatory spin.
gTwo types of spin.'
hInboard wing doxm.
kLarge radius of spin, model may not spin.
Steep spin.

IModel will not spin when launched with rudder neutral or against
the spin.

 mROcovery attempted by neutralizing rudder.

Ailerons Against Neutral With -

Elevator U N D U N D U
(e)

2i
(b)

D
(b )

a, deg 59 55 59 62 52 52 _--_ -___ __--

7, deg 313 2U lU 2D 1D 2D ---- ---- ----

_Q, rps 0.33 0.37 . 0.38 0.35 0.36 0.38 ---° ---- ----
V, fps 265 265 258 255 265 272 272 >336 1371

Turns
for

2
1

22 3
1

31
recovery 2 34

22 Z
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F8 	 MODEL OF THE O'URT1SS-WRIGHT XP-71 AIRPLANE

Dimensional Data

(Full Seale)

b,ft 9	 4	 O	 0 & 9	 m b .	 C	 83900

L, 'ft	 e	 .	 *	 $ - *	 o e	 "	 ® 60.67
B',	 in.	 .	 .	 a . ®	 . .	 ®	 4	 137.69
S,	 sq ft	 -	 * o "	 * ®	 9	 a	 903 * 20
A	 .	 ®	 .	 . ® .	 ® ®	 .	 4	 .	 7064
L.E. T aft L.E * or , in.	 e e 3871
Sh,	 sq ft ®	 " a ®	 . .	 .	 s	 131*06
Se,	 sq ft *	 ® ** o m	 a	 38-88 
Sv, sq ft Q A	 120®15

Sr„ aq ft Q Po 31* 84
8rs- deg 30 R,3OL
8e , deg 0 U, 17 D
Sa,	 deg .	 .	 . ,	 a 31T U, 132 D

8f, deg .	 o m	 ®	 a	 $	 60
TDPF	 .	 .	 .	 " ® .	 . . . 66 x lo_
Landing gear q 9	 . a	 .	 Tx icyole	 .

.ucs	 ¢ elev. hinge
1.27"

.343

f
315"

aileron hinge 80%c
4 flap hinge

Mode/ as tested'

Mass Data

Normal Loading
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Re'sum' of Model Test Results

Increasing the spiv altitude to 25 .,000 feet had a detri-
mental effect on the recovery characteristics of the model
recoveries by rudder reversal alone were satisfactoryonly with
the ailerons set against the spin.

Recoveries fr 	 inverted spins obtained were satisfactory
by rapid full rudder reversal.
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SPIN DATA OBTAINED WITH THE 
26 

SCALE UODEL OF THE CURTI35-WRIORT XP-71 AIRKX-X

(Unless otherwise indioateds steady-spin data are for rudder-Td th spins of the model in the Olean condition
and recoveries were attempted by rapid full rudder reversal from right eroot spine at an equivalent test
altitude of 15,000 feet)

Normal loading AIx and AIZ = 0.85IX

Against With
Ailerons Neutral .Against Neutral With

Full 15 U
10°D

'5 U
40D

10°U
7.7°D

150U
IOOD

Full

Elevator U N D N N D	 U U N N D D II N N D D U N D D U N D	 U N D	 U X D
(eb) (ac) ( ac) (a) (Q) ( ac) (c) (0) (c) (c) (0) (od) (c) (c) (b) (a) (a)

N N 53 17 N 31 21 30 N
a, deg

-
- 60 60 - 36 40 30 60 - 41 36 62 35 - - 47 43 54

0 0 67 37	 0 40 45 0 0 43
8II

0
SII 15II 11II IOU

Q1,
deg - 1D 1D 1D 2D 3D 1II - BD SD 1D 4D - - 6D 3D 3D

s a

p 
p 0.28

gD 6D s 8D SO A

p

s	 SO

p	 .21
s

p	
.1S1, rps - 0 . 30 p	

- .2 . 2 0.30 0. . 20 . 1 - 0.2 0 .2 - 0.20 .2 0.29 0.2 - - 0.26 0. 29
211, 238

V, fps 2 1 344 1 305 305 215 321 208 13 298 298 282 313 211 - 268 276 215 282 - 1 1	 05 1	 275 279 238

n n n 0
321

n	
m.

el
21

n
>4 1,3 is2 l2 >9

4 4 ®^

Turna
d e,

for l 11 f>3 3 11 23 11 72 31 - f a 7 - OD 71
Recovery 2 2 gl 2 4 2 4 Oo 2

la hi .1g ^3 g g1 ^I 1
° 4 $ 2 2

AIX and AIZ = -0.30I X AIy and AIZ = 0.2OIy e.g. moved forward 0.1de

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N D U N D U N D II N D II N N D D D N N D D U N D U N D U N DElevator (ab) (a) (c) (c) (c) (c) (c) (c)	 (c) (c) (a)

19 N N N N N N N N
¢, deg - 32 28 27 40 31 30 39 49 31 59 30 54 56 - 58 - 30 28 41 34 59

43 o O o o O o 0 0

24U IOU
deg - 2II 4U 4U SD 7D 7D 0 2U 6O lU 5D 6D 3D - 3D - s 5U s	 4D 2D 1D3D s s

p

s

p

a

p

s

p

a

p p
lu

p
0.260,37 pA. rps - 0 .2 0.220.3

1
313

0 .340.190260.30
i i i

0.190.260.270.270.310.19 .25 230.26 Q26
1 1 1 1

0.260,32 .33

V, fps 321 321 306 321 275 306 98 290 216 322 16 22 250 16 298 223 90 322 22 282 282 216
n

93

n n n n n n n

so
Turns
for -

1"
1 3

2 l-
2

ll
4

_'11 23 1 23 1 31 c" k4 m 11 ^^2 1 2 4
Recovery 2 4 4 91

4
q4 2 4 4 2 2

1
e.g. moved back O.ldc Landing gear extended, normal Flaps down 600 normal loading

loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator
N

( L) (c) (c) (c) (c) (a) (L) (a) (a) (a) (t) M (1)

N	 N 57' N N 26 N N N
¢, deg - 51 62 35 31 60 43 36 - 36 41 38 38 - 30 48 38 36

0	 0 67 0 0

P.

38 0 0 0
W 4

deg - 6D 1D 2II 0 lU 9D 8D o 5D 5D 6D - 1D 5D SD 4D
a	 s 11D a

p

1

n

s

p

1

n

9D a

p

q

n

a

p

q

n

a

p

1

n

11, rps p	 -	 p O.1 0. 16 0.16 - 0.24 0.14 0.18 0.18 - 0. 2 0.23 - 0.19 0.24 , D. 27 - - .26 .1 .23 0.25

V, fps i	 1

n	 h

252 230 306 322 222 238 - 27A - 290 308 282 252 29 296 252 262 282 252 260 260

Turns 3" I1 2 1- 11 it 11
for - 1 4 1 1 31 2 11 1-3 3 1 - y3 4 4 4 4 21 5 ao

Recovery 4
4

2 2 4 3 4 4 4
2 8

12 12 24 2

aoscillatory spin, range of values or average
values given.

bLarge radius of spin.
eTWo types of spin.
dSteep spin.
eRecovery'attempted by full elevator reversal.
fRecovery attempted by simultaneous neutralization

of rudder and elevator.
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

gRecovery attempted by simultaneous full reversal
of rudder and elevator.

hRecovery attempted by simultaneous reversal of
rudder and neutralization of elevator.

1Recover$ attempted by movement of the rudder
to 20 against the spin.

'Recovery attempted by simultaneous movements of
rudder to 20 against the spin and neutralization
of elevator.

kViaual observation.
l Wandering spin.
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SPIN DATA OBTAINED WITH THE 28 -SCALE MODEL OF THE CURTISS-WRI(HiT XP 71 AIRPLANE - Concluded

[Unless otherwise indicated steady-spin data are for rudder with spine of the model in the clean condition and
recoveries were attempted by rapid full rudder reversal from right erect spine at an equivalent test altitude
of 25,000 Peet]

Lending condition, normal loading Inverted spins, normal loading Normal loading, equivalent test
altitude 25,000 feet

Ailerons Against Neutral with Against Neutral With Against Neutral With

Elevator N
(at)

D U
(a)

N
(a) (a) (a) (a) (a) d) (c)

D
(c)'

N 20 21 20 29 21 N N N N N 29 N
a, deg 25 31 50 34 47 44 - 66 59 59 70 46 38 61 370 33 35 50 42 50 0 0 0 0 0 52 0

4U 7U 11U 2D 2D 0
deg s 4U 3U 5D s s ® 1D s s 3D 5D 13D - 2U s	 1D lII 1D 4D 4D 1D 5D

p
1

n

5D 11D 16D IOD 18D
p
1

n

p
1

u

P
1

n

0.24
322

p p
1 1

n n

I1, rps .28 028 0.43 0.29 0.27 0.19 0.250.26 O. 0.26 0.27 - 0,33 p 0.
1 275
n

73

0. 0.36 0.2 0.28 0.31 0.30
V, fps 313 291 268 283 283 230 268 260 25 -252 275 - 260 260 234

m

305. 329 252 329

Turns
for 1 1 2

1
11

2
>4 w

21 2 1 1 1
2 1

2 a 2 a4 00 722,Recovery 2 4 3 3

Effect of tail modification
Elevator

on turns for recovery
up spine aoscillatory Spin, range of values or average values given.

OTwo types of spin.
4Steep spin.	 NATIONAL ADVISORY
1 Wandering spin,	 COMMITTEE FOR AERONAUTICS

Model condition Turns for recovery
AileronsModification Loading Neutral - 3 with Full with

1 Normal - -
2 Normal 1 2
3 Normal 2, 3 9 3

2 TX and AIy = 1 1
0.85I X 1, it - 722

3
IX and AIy =

> 3 - -0.85IX

Afod/fecot/ons /, 2 and 3

Area'(fu/l scale)
R /uddd err  Fin

L

	

11.4.	G0.9

	

2. H..4	 /P.3

3 5.9 S2



Dimensional Data

(Full Seale)

b, ft .	 .	 . . .	 .	 . e	 .	 . 49.o6
L, ft	 .	 .	 $ . .	 .	 ® a	 . 4o ® 00

Ft in.	 A	 . ® .	 .	 a .	 ®	 . 89 ®78
S, sq ft	 , , e	 *	 . .	 Q	 a 342 ®00

A. .	 .	 .	 , . .	 .	 . .	 n	 . 7.04
L. E. T aft L. E. or, in.	 . 1.50
Sh , sq ft 6 ® .	 a	 m 70-76
Se, sq ft . a 18.62

Sv , sq ft . Q 22.45
Sr, sq ft a 9 .92
br, deg ?	 e * ,	 R 30 R, 30 L
S e , deg &	 , o , 30 U, 30 D

25 U, 25 D
ba , deg ^	 o . ,

183
1T 

U,	 183 D

6 f , deg .	 - o .	 ®	 . 427 D

TDPF	 .	 .	 . . .	 .	 . . 4.2 x 10-6

Landing gear ®	 ,	 . Conventiorml

Lt airen

it

ACA RM 3qo. L7E15	 288

-SCALE MODEL OF THE FISHER BODY DETROIT DIVISION XP-75 AIRPLANE

J6. G3-

6

^s4°^

A

8TF

.5X23".
T.L. 

L35 	 /.5°incidence	 him

29.99'

model as tested.

NATIONAL ADVISOPY
Mass Data
	

COMMITTEE FOR AERONAUTIC S

Loading
	

Loading

Normal Alternate
	

Normal	 Alternate

W, lb	 e

Ix, slug-ft2 9

ly, slug_ft2 0

I Z , slug-ft2 9

Test altitude, ft
µ (at sea level).
µ' (at 15,000 ft)

11,885 14,957
o . 279 0288

m62 0.105
10,124 16, 610

16, Boo 17,165
25, 837 32,100

15,000
9.25 11.65

14-71 18.56
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Resume'of Model Test Results

For the alternate loading condition (weiaht in the gyring
reatl,y increased) Saone of the modifications modifications 1

to 11) led to satisfactory recove.ry characteristics.
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTA YNCD WITH THE	 SCALE kODEL OF THE FISHER BODY DETROIT DIVISION XP-75 AZRPErLYE

Unless otherwise indicated, steady-spin data are for r ,idder-with spins of the model in the clen
condition and recoveries were attempted by ranid full-rudder reveal from right erect spins .1

Normal loading Normal loading, rudder-. Landing condition,
against spins normal loading

Against With Against With Against With
Ailerons Neutral Neutral Neutrall	

0U, 1
eD 1	 0 U	 1p °D 1g3 U. 104°D

U"^

1 3OU,1 250U, 25oD 50U, 250D

Elevator U II % N D U U N D U ^IN D N D U N D U N D N D D D U N D
(ab)'(b (ab) (b) (b) (ab a (s s b 'b a

a, deg
37
29

1 6o

34

I
51 60 54 --- --- 39 53 ---- ---- 33 --- --- ---- 64 64 56 23 -- --

N
l0D 4U

^, d °g 3U 1oD
1II o zU --- --- 1D 0 ---- ---- 5D _- _ -'- - --- o

s

i
n

0

a

i
n

0

s

i
n

0

s

i
n

0

s

i
n

0

s

i
n

0 3b 2D 1D -- -- o

a

i
n

rps 0.38 0.46 o.4.6 0.5 1 .47 --- --- .44 ---- ---° •65 --- --- ---- 0.45 0 -471 0 -45 0.59 -- --

v, fpa 315 180 18o 249 194 193 332 237 176 309 >3791266 --- 335 348 168 174 168 249 -- --
al

Turna
for

3
>.5 w 22 w w >3 >4 w ^1^

-
2 2 >7 -_. `--' w w w 1

recovery 2 cl 2

Modification 1, normal loading
:.:odification • 1 without ventral fin,

normal loading
aWanderi	 and oscillator

spin when range of values
is not given, average
values are presented.Against With Against With

Ailerons Neutral Neutral
b
°Two types of spin.
Recoveries attempted
before model reached

25° II, 25oD 25o ST, 25 0D 25'U, 250D 250U, 250D

Elevator U N D U N D U N D U I	 N D D U 27 D	 U N	 D
(a) b ab ^a final attitude.

dDue to Initial launching
rotation, model did not

® recover in 7 turns.
Visual observation.

(Check spins.

a, de g -__- __-- j4 ____ 27 28 -__.. ____ ____ ____ ____ jl jj --__ _ - -__ _ -
_ -_-_

or, deg ---- ---- 4U ---- 5D 2D ---- ---- ---- ---- ---- lU lU ---- - ---- -- - ----

rns ---- ---- 0.,47 ---- 0.53 0.55 ---- ---- -=-- ---- ---- 0.44 0.50 ---- - - --- -- - ----

V, fps 309 252 231 >27 278 25 4 354 367 367 278 2 5 4 185 231 334 - 290 -- _	 3g8 coverygR simulta attempted by
simulta neous reversal
of rudder and elevators.

for e1
2

2TT3•^•
c 11 1

11
>ll c cl 11 2 co 31 >11 -

ll	 -- - ----
model goes Into an
inverted spin upon

recovery 3 4 2 2 4 2 2 4 2 2 recovery.

NATIONAL ADVISORY
COMMITTEE 604 AERONAUTICSModification 2, normal loading

Modification 3,
normal loading

sinst With Against With
Ailerons Neutral Neutral

250U, 250D 250U, 250D jo
YS	 D

jo
U,1	 D

U U N D D U U N D D U U D N D N D
Elevator f f b b a (f b b (af) (f) (a) (a)

27
--- 38 38 34 ---- --- 32 --- 32 ---- --- - -- - -- 29 45 30 32 --- 26.a ,	 deg 40

-

0, deg --- --- 2U 2U 2D ---- --- 3D --- 4U ---- --- °-- ---- 0 2U 5D 3D --- 6D

rps --- --- 0.44 0-4610-53 ---- --- 0.50 0-56 0.60 ---- --- --- ---- 0.55 0-47 --- ---- --- 0.66

V, fps	 1290

1
14

249

91
gl

234

3

216

5

237

1 ,
12

323

^.2

249

gl
4

252 . 243.257

1
22

1

249

' 2
l

glz

26o . >367 , >367

cl
cl ---

272

1

19_9

w

315 243 335 269

Turns
for

c
2 l4

c 3 h2

recovery
gli

42 2
2

Modification	 4, normal leading Alternate loading
e.g. moved forward 0.06-

Against - With Against With
Ailerons Neutral Neutral

250U, 250D 250U, 250D 250U, 250D 250L1, 250D

Elevator U N D U N D D II N D II N D U N D U N D
a a b b) (a) (a) (a)

a, deg 39 45 52 -°-- 30 44 30 ---- -- 23 33 55 55 43 52 55 35 48 52.

4U 17D
6U^^ deg -1 U 2II ---- 2D 2D 11D ---- ---- 5D 0 1D 4D 0 1D 3D 3D6D 9u• 13D

rps ---- 0 A o.46 ---- o.63 0.47 ----1---- ---- 0.85 0.51 0.50 0. 0-43 0. 0.49 0. 0-45 0.5

V, fps 315 203 185 ,367 328 185 237 303 >36 291 205 202 208 z49 214 208 j00 208 208

11°2

.-- —

3 2

Turns ry o2 32 >3°2
1 m. w

2
w °1 w w w w w m w

recovery a'72 al 2 >2



Mad/f/cation 8

ModrlACI P7 to

ptt/In¢ of orig/mo/
dxJO/ fin

A4od/ficot/on //modiftation 9
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SPIN DATA OBTATIiED WIT. THE 16 SCALE MODEL OF THE FISHER BODY DETROIT DIVISION XP-75 AIRPLANE - Concluded

^Unlesa otherwise indtcated, steady-spin data are for rudder-with spins of the model in the cleannnAi hi nn nA	 ni-a w	 n++. -nA h,,	 niA 11n..AA>n nn• aol f'nnm n1 nFt onnnt n a

Alternate loading, modification 1 Alternate loading, modification 2 Alternate loading, modification 4

ainst With Against With Against With
Ailerons Neutral Neutral Neutral

5`b.250D 250U, 250D 25°U, 25°D 250u, 250D 250U, 250D 250U, 250D

Elevator U N U N N D U N D- II N D U N D II N D U H D U N N D D U N D
a a jab) (b) a a a b f b b (b a

a, deg ---- 22 -- 31 29 --- 35 31 38 36 31 39 31 32 35 32 42 31 47 --- 59 -- 36 32
22

33 5746

0, deg ---- 2U -- 4D 7D 3D --- 9D 0 3U 2U 3D 3D 1D
U

l4p 6D 10D 5D 3U 3U 4U -- 2D --- 0 0 3D lU 3D

{y rns ---- -- --- .46 0.57 •59 --- .5 .58 0.35 0.4 0.61 0.35 D.54 •53 4 .48 58 0 54 .47 --- D 47 --- 0.53 0.56 -- .5 _ o.
V, fps 85 28 223 85 285 303 272 266 290 278 278 266 29 315

230
27 285 30 290 214 36 203 31 2 266 297 285 170

22

l
2

2
4

3
^2 12Turns

for
C
> 2 11& 1X22 ,>^ 8 3 1

c>3 12^ 122 2 3 911
>3

3 is>3 >5 6 11^ 3
4

l
2 00 2 m 5

3
^ >4

recovery 12 g
1 91

3
2 191 4 4 42 4 Z

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICSA. aWandering and oscillatory spin, when range of values is

not given, average values are presented.
bTwo types of spin.
°Recoveries attempted before model reached final attitude.
e Visual observation.
gRecovery attempted by simultaneous reversal of rudder

and elevators.
i Varied number of turns required forrecovery, probably due to

phase of spin oscillation in which rudder was reversed.
1 Steeper spin also obtainable.

14OD171CATIOIB TESTED ON DDDEL

EFFECTIVE
	 (All dis sioffi full-scale)

Nrw Jtob//zer padt/on

&*/ON Jt;*WA7or

Abddxa6ai /

i
New JtaN.Axer

a	
Orly. EHL

r̂ 9w EHL	 pru/t!	 p^ 1
, 	 Af1L.

New E11L

aoo'	
/zao'

rttnrt fbrral	 Jta&HzerPa0t4W

INfFF1D1TVE	

1
ANO meaiast 5	 /8 \

NaW .fAZAY/2Cr pnNtian

Alodlf/Catian 2

4'

A r Jr' 4'
^	 _ 7Hrurt

line
.oetlen AA

M. 1flcation 7

AWIficamm r 3 and 4



Model as tested.
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i0---SCALE
io---SCALE MODEL OF THE FISHER BODY DETROIT DIVISION P-75 AIRPLANE

Dimensional Data

(Full Scale)

bg ft	 m	 9	 ^	 *	 o o	 o p	 49.06

Ian. ft 4	 9	 e	 9	 e e	 R e	 w	 41.33
a', in.	 .	 e	 o	 . .	 . .	 e 89.78

S, aq ft	 *	 *	 s o	 . o m
	

342-00

A e .	 e	 e.	 e.. e a	 e	 e	 e	 7.05
L.E. 3	 L.E.

a
ft or - in.o -	 -	 - fl1.50

Shp aq, ft	 o o- e	 a	 e	 o 899®90

So, sq ft o	 z s	 a	 e	 e 22&06
Sv, sq fit	 e	 e e	 e 6	 e	 a	 a 30x 14
Sr, aq ft .	 .	 . .	 m .	 ®	 ®	 e	 10-57
6r , deg. * 	e	 e 30 R, 30 L

as, dog *	 ,	 e e 30 I3, 20 0
,, dog (rovag wind

tips)	 .	 .	 m	 R	 . 1
It

U, 10, O

b	 , dog (square wind
tips)	 e.	 e.. 22-f U 	 22	 D

s deg	 m ffi	 e	 t	 D

s^^

,	

,e1 DP	 m	 'e	 .	 .	 a. .	 . e	 a	 4 $C 10-6

Landing gear	 . e	 e Conventional

" elev. hinge

2 og^

3.5Er"^ 
flop hinge

Lt aileron hinge

5.40s a 	 2.33

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Masi Data

Normal Fading
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Alternate loading

Resume of Model. Test Results

For the normal load s clean condition ., and normal control.



SPIN DATA OBTAINED WITH TF.E 21J-SCALE L:ODEL OF THE FISHER BODY P-75 AIRPLANE

EUnless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by ra p id full rudder reversal from right erect spins]

Normal loading, round wing tips
Modification 1,	 square wing tips,

normal loading

Ailerons Against Neutral 761th Against Neutral With

Elevator
U

(a)
is

(b)
N

(b)
D U N

(ab)
TI

( ab)
D U N D C N D

(a)
U N D

(bf)
D

(b-)	 (a)
U N D

c, deg 42 --- 50 _°°
3446

28 38 --- --- --- 30 52 43
--- --- --- --- --- --- ---37 57

^. deg 8u
2D

2u --- 1U ---
^

2U 2u --_ ___ __° 3u 1U
6D

___ ___ ___ ___ ___

R, rps 0.3710-401 0-43 0.44 --- 0.48 0.52 0. 44 1 --- --- --- 0.40 0.40 --- --- --- --- --- --- --- ---

V, fps 2451 1861 2961 186 >305 215 311 2211;;,290 >320 >305 250 186 192 >3 04 >3J4 --- 274 >274 >28J >304

c >4 oe 10 m
oe2

82 c3 62
ell

cell Ce* 1 OD OD el OD ell a>2
al e

a l l ce	
3

1
4

e	 3 11
2

a2
Turns
for

2
ed4

4"1

2

ce

3 Ce3
ell e2

recovery
dal 4 2

ed2
de 1

22' 2

cdl • dell
2

Modification 1,	 square wing tips,
Square wing tips,
Alternate loading Modification 4, normal

alternate loading loading, round wing tips
Modification 2 Modification

Ailerons Against Neutral With Neutral Neutral Against Neutral With

Elevator
U N D U N D

(bf)
D
(b	 )

U
(a).

N D U N D U N D U N D U N D U N D

i
a, deg °-- 55 --- --- -°- --- --- 3g --- --- --- 43 - -°- --- - - 2 5 2 5 - - - - -

0, deg --- lU --- _°- --° ---
lU

17u --- --- --- 3D - --- --° - - 3,
zu

4 rps --- 0.45 0.45 --- --- --- 0.64 0.47 --- --- --- --- - --- --- - I - 0.54 --- -	 I -

V, fps >304 222 203 >289 274 226 304 320 >304 >33 8 >289 262 - >289 262 - - 306 286 -
d 1

12
e

2 2
c
j5

e
>3 e

2
e	 1
>2z

e lll2
1

32

Turns
for

d2 OD eo de l ce3 as
1z a>i

a> 7
- - - 02 11 - - - - - -

recovery de l d1l a>21
42 4 2

del

Modification 4, square wing tips, Modification 4, square wing tips, 	 Landing condition, modifica-
tion 4, square wing tips,normal loading alternate loading normal to din

Ailerons AgaiP.st Neutral With Against Neutral With Against Neutral With

Elevator
U	 I N I 	 D U N D U

t e)
N D U N D D N D U

(a)
N D	 U

(a)
N

(a)
D U N D	 U N D

c, deg --- :-- 27 1 °° --- --- --- --- --- 3 1 --- 2 9 - --- 29 --- --- --- --- --- 2J -°- --- N --- --- N.

1, deg -- --- 3 U --- --- --- -°- --- --- ID --- 2U --- 2U --- °°- --- --° --- 30 --- --- o -°- - -- o

91,	 rps =09 •57 --- --- -'- -°- --- --- l 0. 0.61 --- 0.65 --- --- --- --- --° 10 -51 --- --- s --- - -- a
7 , fps 74 274 286 >274>27 305 27 2? >299 290 299 30 5  27 z86 >226>27 p >243>274 p

eX1ee
22

2 2z e>3
e2

el	

ce el 1 eel al
n	

e l el
n

recovery 22
14

4 3i 3
e22

2 4

aOSClllatory spin, where range of values is not 	 eRecovery attempted before model reached final steep
given, average value is given. 	 attitude.	 NATIONAL ADVISORY

bTwo types of spin.	 fFlat spin.	 COMMITTEE FOR AERONAUTICS
cVisual observation. 	 gSteep spin.

dRecovery attempted by simultaneous reversal of
rudder and elevator.

294



Comparison of XP-P5 0 P-75 tail eswfiolies.
hinge fine

hinge line

^rva«. <a<gs,..ee5

Modification 4
(dimensions fall s

to leading
of wing

Onglrwl--*
tecation ,
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SPIN, DATA OBTAINED WITH THE 20 -SCALE WODEL OF THE FISHER BODY P-75 AIRPLANE - Concluded

,'Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Inverted spins, m-1-i£ics-	 Yodification 5, square wing tips, 	 'Modification 5, s quare wing tips,,
ticn 4, s quare win- tips,	 normal loading	 alternate loading
ncr-,,,,a1 loadln,^

	Ailerons Against Ne;tra1	 :tith	 Against	 Neutral	 :ItY.	 Against	 Neutral	 4ith

Elevator U N D U `7 L	 U	 N D U	 ., I D U	 N D U	 N D	 J	 N	 D U I N	 D D U	 N	 D
	(a)	 (a)	 (a) (a)	 ( b) (ba)(a)

	

a, deg	
N	 N	 N 2 5 --- 26 --- --- --- --- --- --- --° --- -°- --- 42 -°- 45 47 --- 54 29 --- --- 26

	

32	 70	 46

	

deg	
o 0 0 0 0 9D --- 6u --- --- --- --- --- --- --- --- --- --- 3u --- 6U 4u --- 21 9u --- --- 5U

	

7u	 9D	 I	
8D

	

rps	
a s s s 

s 0.72  10.98 1 --- --- --- --- --- --- --- --° --- --- 1 0-2 1 0-451 0-49 3.361-°- •45 0. 96 --- --- 0.69

	°, fps 
	

311 >317367 >305 215 216 239 215 >290 257 215 >27 >305 298 250 206 226 239 200 274	 3 305
C	 ce el e	 cej ei ce I e l	a2	 (Ce) ee

	Turns	 n n n n n 1 e1elcl13c4	
l e

l l 2 4 4 	c31 c9041 613
4for 	 112 04 	 cell e 2 03 ce ell ce 1 c21 2'	 c2	 2 2	 >4> 1recovery	 2	 2 2'	 1 2 i2 2	 4	 l2,

Modifi at ions	 gp-75 tail assembly installed on

	

And 1, square	 model s uare win tips,

	

wing tips, al-	 r 4	 g

	

ternate loading 	 alternate loading	 1910scillatory spin, where rang e of values is
not given, average value is given.

Ailerons	 Neutral 4iith Against	 I Neutral	 With	 bTwo types of spin.
^lisual observation.

Elevator	 t D U N D U N D U	
N	 D	 U	 N D	 eHeeovery attempted before model reached final steep

a	 a	 h	 h	 a
attitude.

	

a, deg	 39 - -- - - 3149 -	 °° 47 50 28 41 4_3
	

Rudder against steady spin.

@NATIONAL ADYOSORY

	

deg	 2U - --- -	 7U	 - °-- 4U 4U on 6U bU	 COMMITTEE FOR AERONAUTICS

recover	 21 I 1 2

	 I	 81	 >2	 --^ --- >2 >5 14

	

Turns	
12 { _ 1	 _	 52' _ e	 -	 c

for

Y

Rermd Dttd Jgdan¢ N+ing V tasted
0ss rnada{ (f1%ISfPJIriOrlJ ore ful/,rco%^

Aileron hinge bne

^8d3Z^

Square wing-tip - ^^ 

Round wing-tlp-^r

—22.37 }ead,9M

Modifications 5 an 6

	

(dimensions full .uo/e)	 II
'
It

	

I	 ``	 1

	

300.78 =	 I

	

to leading edge	 i	 +	 1	 Rudder hinge lines
'Miler hinge	 of wing	 1	 I 1	 1
lines	 i	 i	 r/^Ylsed Axotion

Original	 1	 ^ ,	 1
-Revised	 location	 i	 9	 1
location	 —
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.SCALLP M00FIL OF THE BED -77 AIRPLANN

15

Dimensional- —	 ,^----720--^ e%v hinge
g	

.93"

(Full Scale) /.20

by ft	 ° g	 27 *50
22*

7,i...... ®.. °.	 47°87
S, aq ft ° Q 1O0*00

L. E. T aft L®B. , in' 55 .44
Sh, sq f . . W	

.

u . . e	 20 .90
Set aq ft & A ®	 ° ° v 9 °	 6.50

sq ft . . .	 . . a .	 e	 98

Sr,,	 sq ft ® e e	 - - s ® -	 3.04

5r., dog	 .. . g	 $ ° 30 R, 30 L
boo deg	 * e m e * 25 0', 15 A
$&g dog	 o * * o	 * 20 U, 20 0

8 fs dog	 . ° . .	 . . . °	 . ° 60 0
T0PF  xl®-6

Landing gear Tricycle

i f/qo hirW 8225
L aileron hinge 78i

8225^G,

22.00'

"9/,

T.L.	 $

incidence	
¢ rudde

— /B00 a —	 hingc

440	 /.47a

Mass
	 Model as tested.

Normal Loading

I

	

?	 -198 x 10-1

2

	

y - Iz 	 -54x10-A
u

	

IX	
252 x 10°'^

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

For the landing condition, the spin and recovery character-
istics were similar to those obtained for the clean condition,
normal loading

Recoveries from all inverted spine obtained were satisfactory
by rapid full rudder reversal®
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SPIN DATA OBTAINED WITH THE i5 - SCALE MODEL OF TKE BEILL XP-77 AIRPLAM

Enless othemiss f na lcated, steady-spin data are for rudder- with spins of the model in the clean condition
with revixed tall and recoveries were attenrted by rapid full rudder reversal from right erect spins]

AIX and AFZ = 1.101 X
Aly and 6%= O,Zo I

Normal loading ( original tail surfaces)
(original tail surfaces)

( Original tailsface. 
I

Ailerons Against "entral With Against Neutral 'i 1 th Neutral ';i Fth

U U H D U TT V " D U U N D U U D n. IT D U N D U N	 D U N D
Elevator ab (ac) c) (cd) (c) ( ad)	 (d) (ab) (a) (a) (f) (f) ff) (f) (f) (f (f.).

a, deg --

N
0

p

1n

N	 It
0 0

75
25

70
ao

0

p
i
n

_

_

-

N
0

p
1
n

- 71 -- -_ --
N

1n

-	 -- -- -- --

0, deg __ 1D 350 0

-
--	 __ ___

rps _- __ ___ __ __	 __ ___ _ __ __ __ __

r

_p

v,	 fps -- 163 235 153 2 5z	 2^2 --- 190 184 184 190 187 193 - 19 6 -	 -- -- -- --

Turns 3
for -- ao z w m m w m oo

recovery 4 12

AIy and AIZ = -0.20 Fy
v ad forward 0 . 12 Normal loading 

1 inal tail surfaces) ? ;61 1-'Toi'l

Ailerons. Against Neutral '.Y ith ACainst	 Neutral 'Nitb Avalnst, Neutral 'ii l th

U U N D U N D D U N D II N D N D D II N N HI D D II U N D D n II N D D
Elevator cb c 1 ( i (	 ) ch (c ( e (e) (k) d) ( Ch) (c) (e) (aj (aj)(a ( c) (Ch) (c) ( C) cl) (Ch) (c) (CO

a, deg - 75 - - 7), 68 - 70 - - - -	 - - 
50

- 6 6 - - - 79
39 82 _ 43

78 z6 81 75 -

_ N o 2D
J6,	 deg - 0 - 1D 1D - 2D - - - -	 - _ 30 - 1D - - N

20U
2D -

41U
40D

2D 1L
31r . 

2D 1D -
22

- a 0.8
15

P 0.79

n 152
rps .63 - .62 - o.67 - - - -	 - - 0.5 - - - - a 0.59 1.06 0.85 0.48 .75 0.48 .88 .72 -

166 168 168 174 - 52 207 152 158 293 163 21b 152 152 z35V, fps 17 - - 163 179 - - - - - - - i i

nTurna n 1 ml
81

ni m ml

for ss a - as - - - - DO - as - as - - so 00 2 to m )y 2 Z °^
m ml 

1
recovery 1 00

AIX and AIZ = 0.20 IX AIX and'AIZ = -0.20 IX

Ailerons Against Neutral Nith Against Neutral ciith

U II D II II N N D D U U D D U II N D U U N N D U N D
Elevator c d d ( (c. (ad)	 (CO ( C) (,c) (ad) (c) (co) a) ( a) (0) (c) (ad) ( c (co) (p) ( e)	 (e) (p)

a, deg 81 60 58 77 -- 79 --	 -- ' - 77 -- 76 --

N
0

81

N
o

80

N
0	 1D

-- 79 -- -- --	 -r --

degg an 35u 4211 1D __ 1D --	 -- - lD -- aD -- 1D -- 1D -- °- --	 '- '-
37D 33D

P
i
n

P
i
n

P 0.92

1	 160
n

m7

n rps 1.03 0.46 0.46 o.74 -- -- --	 -- •77 o•74 -- 0. 77 -- o.97 -- 1.03 -- -- --	 -- --

v, fps 168 218 263 163 281 158 229	 -- 158 168 zlz 155 -- 152 >ab 15 -- >263 >263 5263 >26

Turns
ml

m 1 ml

1
-` m m71

1

oD _- m i ro - -
mql mnI	 _

-
m41

for m 1y 2 T 2 2 2
recovery ml _

ATY and AIZ = 0 .20 Fy AIy and AFZ = -0.20 Ty e . g. moved forward 0.05"6

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N.D - U U N N D D U D U D U N D. U D U II N D U D
Elevator W a ar a c d d r f (r) (d )( d (c) (as)

i 
c Th c (P) (a) C

)(D)

a, deg
HI

-

N

83

N

82

N

-- - - - 77 75 75 75 78 - 82 ^5 82 81 - 78 - 83 81 65 bo -- 79

fQ, deg °

P
n

- 0

- p
- n

-

0 0

P
n

0 0

P
n

-- - - - 0 lU 0 1D 1D - 0
15D

0 1D - 1D - 0 0 j;OU 2D -- 2D

rps .89 -- - - - 0.76 0.77 .72 0.81 o.86 - - 1.05 .47 .87 0.88 - .72 - .85 •79 •43 0 .79 -- 83.
fps 74 - 76 229 152 158 155 155 158 07 190 168 81 152 150 - 168 - 152 155 235 152 -- 155

for

[.75
L52

tb -
n^ mZ

m ms
mz

y3 m9 2
os ro _ as - as ss OD -- W

ecovery

aTwo donditiona possible.
Flat spin occasionally obtained.
cTwo typas of spin.
aWandering spin; oscillatory in pitch and roll.
®Model begins slipping after making a few turns,

then turns again and repeats maneuver.
fWandering spin.
gSteep and oscillatory spin.
hSteeper spin; oscillatory in pitch and roll..
IYodel spins flat, then goes into a stee per oscillatory

spin and flattens out again.

pandering and oscillatory spin. 	 NATIONAL ADVISORY
ktteep and wandering spin.	 COMMITTEE MR AERONAUTICS
Laundering spin with wide radius.
MVisual observation.
nModel goes into an inverted spin upon recovery from

an erect spin.
OSteeper spin; wandering and oscillatory in pitch and roll,
gSteep wandering spin, with a snap to the turning motion.
4Model goes into inverted flight upon recovery from erect

spin.
r0scillatory spin.
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SPIN DATA OEATAINED WITH THE 5-SCALE MODEL OP THE HELL XP-77 AIRPLANE - Continued

[unless otherwise indicated steady-spin data are for rudder-with apin g of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins

e.g. moved be* 0.05 16 Landing condition, normal .loading

herons lgainst Neutral With Against Neutral With

levator II II N f D D II U N N D U U N N V D U II D D U U N D U LD
C ca ch Cf Cf (cd (cf (Oh (c (ChICef (cb of (C;h c c eh	 (at cr t t f

. dog 83 -^ 80 -- 79 -- 83^ 81 -- 8z 78 -- 80 -- 74 -- 81

e
e3
eeq

68 79 -- 74 -- 75 77 -' --

deg 1D -- 3D -- 2D -- 1D 17U 10 -- 1D 2D __ 2D -- 2D -_ 0 25U 0 0 -- 2D 2D

r • 1 -- 69 -- 84 -- •77 •33 •92 -- 90 .70 -- -88 10.65 -- 3.9610-41 0.76 --	 0.77 -- 0 -75 0-96 -- --

16 218 -- 1 -- 1 2 -- 1 66 -- 8 -- 1551 66 o -- 166
1

ne

m
6

far ee ml $01 -- 6'^
4
 12

m1 ro
'- ro -- -- « -- ss

m
om

. 
2 s' -- aD

n16

>.4
ecovery 4 4 2

Modification 1 and 2

Inverteditl** spin, normal loading Aiy and AIy = -o.20I Modification 2, AIy And AIg = -0.20 Iy
( Original tail surf'

Slerons Against Neutral With Against Neutral With Against Neutral With

levator U N _n=. U N D U N D, U N	 D U N D II- N D
(u (u) (sx) (f a (c (c f

deg 26	
36 40 37 -- - 3b - - -- 74

o 0

43 55

r1D

(su)'

N
deg

p p

n n

]a 2D 1D 0 _- - 32D -' -_ __ __" __ __
C

ap

n

-- 1D -- 3D

rps 0 .56 0.46 o.62 o .59 - 0. 53 - - -- -- -- -- -- - -
fps 2,q@	 238.234 234 206 - 201 168 -	 152 293 158 152 207 - _ 168 - - 282 163 -- 158 312 -

Turns
for Z	

vl

,

vl1
vl m

-
vi

m9 -
ml mi. - " " mill

1eel 2 a ro s 2 m a -- m
recovery 2

Modification 5,
Modification 3, AIy and AIy - -0.20 Iy Modification 4, AIy and AIy = -0.20 Iy Aly and Alz = -0.20 Iy

( Original tail aurfaces)
Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator II N D U 15OU 1500 N N D IT N D U U U 15 U 19oU N N U N II N D II N D U N D
ct ) (c) )(f) f) (e (as) (a) d (as) (or) (cs) (d) e

a. deg 67 - - -- -- -- 64 - 68 -- - - 74 -- 45at 73 --
I

72
38
61 -- - - - - - - - -

^, deg lu _ - __ __ _- ID - 2D °- - - lU -" 18D 1D -- 0 23D

IQ, rpm

V, fps 166 - - >293 218 -_ 174 - 163 263 . -	 - 16 218 229 168 223 160 206 >z63 -f2631- - 206 o6 63 -- - -

form m61 - -
ml

1

1

- p 1 -

T,-

1
7

m
24

Is
mil -

m
- -

m
1

recovery 2 2 m9 1 m f all lf.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Z4

aTwo conditions possible.
170. .pin occasionally obtained.

types of spin.
dWaodering spin; oscillatory in pitch and roll.
eModel begins slipping after making a few turn;

then turns again and repeats maneuver.
fWandering spin.
hSteeper spin; oscillatory in pitch and roll.
pandering and oscillatory .pin.
mVisual observation.
uModel goes into an inverted spin upon recovery from

an erect spin.

BSpin oscillatory in pitch and roll.
tSlightly oscillatory spin, spin gets slightly steeper and

wandering at times.
uModel appears to dive for a while and then spin inverted.
°Recovers in erect flight after recovery from inverted spin.
WRecovery attempted by neutralization of rudder; visual

observation.
xSpins with whipping motion.
YSteep spin.
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SPIN DATA OBTAINED 'WITH THE9- SCALE MODEL OF THE BELL 'XP-77 AIRPLANE - Concluded_

[Unless otherwise indicated steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins

Yodification 6, Modification U,

AI	 and AI	 = --0.202
3!odification 7, AIy and AIZ = -0.202y AIy and AIZ = -0.201y (Original

y	 Z	 Y tail surfaces xdith fall length rudder)

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator
U N D U N D U N D U U N N D	 U N D II N D U N D U N -D U N D

r a ab a ab a d d f f

a, deg - ° - - -- -- °- - - -- --
28 51 -- - - - -- - - - -- -- - - -

N
0

N
0

75 71

deg - - - _ __ __ __ _ _ __
N 36u
0. 2 U

p
1
n

a
p
1
n

32D 21D

fl, rps _ - - - __ -- - - - a	 ___ --- -_ _

V, fps 196 - - 207 207 -- -- - - -- --
p
1	 212 258 207 235 - - 229 - - 263 207 2 35 - -

Turns mil
n

11 =1 ml m2for m11 - 2 m11 m2 —1 - - -° _-
m3 >2 2' - 1	 _ ml m2 °11

IT
- -

recovery 2 '"2 2 ^+ m2 lz
m 1^ m2

1

Modification 8, Modification 9,
AI	 and AI ZY

t,•odifition 4 and 81ca Modification 10 Modification 11
AIy and AIZ = -0.20 Iy -0.20 IV AI.l and AIZ = -0.20Iy AIY 	 AI

-0.20 
AIZ

- 
Iy and AIZ = -0.20Iy

Ailerons Against Neutral With Against Neutral Against Neutral With Neutral Against Neutral With

Elevator U N D U N D U N	 U N D U N U	 N D U N U N	 U N D U N D U N I	 D U	 N
d d d x s d (d e r f f r

a, deg 26
79 - -

50
%

335
45

26
45

_ _	 44
76'' ' -

32
65

36
61

37	 _
52

_ 42 40 - -	 34 34 - 64 - - 53 - 26 -	 -

F1, d®g 20D - 20D 10D 16D 28D -
5

26 30D 15D - -
2 D10D - -	 2D 2U 0 - - 18D - 2D -	 -

12, rps - _ _ _ _

V, fps 198 - - 235 224 212 258 - 206 - - 212 235 196	 - - 229 241 263 - 246 224 - 174 - - 196 324 263
T
for W _ _

m
12

m42 mn 1
ml

- - 1 1 12	 - -

m1
m-1 m

1 - 221. - - 1 m1

233
3
5 -

r
4 2 92

7
m12

4'
ml

2
I 1recovery

12

Modification 12,, Modification 13 Modification 14 NATIONAL ADVISORY
AIy and AIZ = -0.20Iy AIy and AIZ = -0.20Iy Iy and AIZ = -0.20Iy COMMITTEE FOR AERONAUTICS

Ailerons Against Neutral With 1 Against Neutral Neutral

Elevator U- N D U N D U N D 150U N D U 35°U	 N U 15°U N D
(r) (r) (r) (r) (r) (r) (s) (s) (a)

a, deg 74 - - 69 71 73 67 - - - - - - 79 _
67 -

-

de^,	 g IU - - 20U
18D

15U
L{D 0

18U
1'7D 1-1-

- - - - 1L{.0^5D - 8U9D -

R, rps _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
V, fps 168 - - 168 168 152 168 - -	 174 - - 176 174 174 1 174 163 174 -
Turn s

2 - -
1^

22 n21 ml
- - my2j - -

m2l
24

m32 m22 ^21 mj -
recovery t4 m32

4

a-0 conditions possible,
-Flat spin occasionally obtained,
d'Nandering spin; oscillatory in pitch and roll
fWandering spin.
Wandering and oscillatory spin.

mVisual observation.
uModel goes into an inverted spin upon recovery from

an erect spin.

4Model goes into inverted flight upon recovery from erect
spin.

roscillatory spin.
83p1n oscillatory in pitch and roll.
y.pins with whipping motion.
ySteep spin.
sRecovery attempted by reversing rudder from full with to

2
against the spin.

3,
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Comparison of revised and oriyinol 	 Modification / and 2
tai/ surfaces

a

Mod.
I^

Mod. 2
Original	 Full length rudder chord
Revised --

7

Modification 4
(Fu// scale)

301

Modifi

Modification 6
(Fu// scale)

6" if

Modification 7	 /O„
(Full scale)

6 1,

Mot

Modification B and9

Modi f

Modification /0	 Moc
---	 (F

1

NATIONAL ADVISORY
COMMITTEE TOO AEPOMAUTKS

Modification 13ond 14

/2

Mod. 13 r	 Mod. 14-



to

r.

4.5j*

7:L.	 ---	
x.70"

zs°' if rudder hing

2° incidence

Model as tested
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T6-SCALE M00EL OF THE 0 0E-VOU0HT V-143  AIRP

Dimensional Data

( Aall scale)

(Dimensions are the same for both
tail 1 and tail 2 except where
noted.)

b, ft ° a	 33.50
L, ft

Tail 1 ° a	 ° a	 ° a	 *	 °	 e 22°30
Tai 	 2 ° o	 4 o	 a * ® °	®80

cs, in.	 m a a	 . 9	 . °	 .	 4	 ° 71 °70

S, aq ft e a	 9 a® m ° m	 187 °00
A a	 °°. a s	 a a ° . °	 a ° 	 6®00
Sh, aq ft

Tail 1 a °	 ® °	 . a	 °	 .	 ° 35.76
Tail 2 . °	 a °	 . .	 a	 °	 ° 25.34

Se, aq ft

Tail 1 a "° a ° a	 e	 a.	 13-94
Tail 2 a $	 a °	 ° a	 "	 °	 . 10. 24

Sv, aq ft
Tai I. a® a	 a a ° 	a.	 15- 20
Tail 2 9 p 12* 13

aq ft
Tail 1 a a	 a °	 . ®	 m	 °	 °	 9.03
Tail 2 . .	 a .	 a .	 °	 .	 ®	 7.53

6r, deg o ° °	 ° ° Po	 30 R, 30 L
6es deg a ° ° 30 0',, 20 0
Sf, deg . a °	 0 8	 0 W	 4	 4@	 50 D

TDPF
Tai l 1 a °	 ® a	 ° ®	 56 x 10-6
Tail 2 ev^ a ° 4 693 x 10-6

Landing gear . °	 ° Conventional

Maas Data	 NATIONAL ADVISORY

Normal Loading	
COMMITTEE FOR AERONAUTICS

Tail I Tail 2	 Tail I	 Tail 2

W,	 lb o	 a	 ^	 a	 a	 .	 .
a	 a	 .	 .	 "	 a	 a6x/L, .

4338
0.262

4341
0.M

Ix — T^
e	 g	 m -56 x IO ^'`^ ^^0 x 10"^ .

Z	 M	 R	 °	 0	 b	 @	 ®	 * 0 aO66 O a O66 aF.B .
1 ,X, slag-ft2	 N

ly, slug-ft2	-	 a
1645 1648

2871.
I	 1,Z

4-	 x 10- 	 —68 x 10
1z" vlu —ft2 	 °	 s	 a 3520 3893 mb

Test altitude, ft a 6000 9000 Ix 124 x 1(4-4 148x 10-
(at sea level) 9.05 9.06 ab

91 (teat altitude). 10-84 11.90
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`	 of Model Test

Tedl 1>

For	 1 In the clean condition al 1$
(	 l	 a	 ^t atti	 a ffi 75^ to 770) and
recoveries by rapid fall rwIder reversal vere unsatisfactory,,

Tail 2
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Tail 3

In general, there was little difference in the recoverycharac-
teristics  of the model when equipped vith tall 2 or tail 34

NATIONAL A[DVISOAY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 16

[unless	

MODEL OF THE CHANCE VOUGHT V-143 AIRPt"z

[Unless otherwise indicated, staady-spin data are for rudder-with aileron neutral spins of
the model in the clean condition and recoveries were attempted ?)y rapid fulh rudder
reversal from right erect aptus

v

Tail no. 1, effect of mass variations and
Tail no. 1 e.g. movements on spin characteristics. Tail no. 2
normal loading Recovery attempted by simultaneous reversal normal loading

of rudder and elevator Srom elevator up

Elevator U U
a

Sou N D a
deg} deg)

T urns

recoover
E lev ator II N H 

a, dog 77 67 77, 7 6 75 AIX and AIZ = 0.20 IX 78 1D w a, dog	 . --- --_ _

deg 0 --- 1D 0 1D AIX and AIZ = -0.20 IX 74 0 00 ^, deg --- -- --

rps 0.78 ---- ---- ---- ---- AIy and AIZ = 0.20 Iy 79 0 so rPs ---- ---- ----

fps 104 b- -__ ---- AIy and AIZ = -0.20 Iy 74 0 00 v, fps ---- 139 139

AIX and AIZ = -0.20 IX
AI	 and AIZ = 0.20 Iy 75 1D de, 012
Tall wheal onTurns Turns

e.g. moved forward 0.03-0 76 1D 00
for 3

00 so 00 0° 03 e2
recovery recovery Cel

e.g. moved back 0.036 77 0 00

Tail no. 2, effect of mass variations and e.g. movements Tail no. 2
on spin characteristics. 	 Recovery attempted by simultaneou AIX and AIZ = -0.20 IX Tail no.2 modified
reversal of rudder and elevator from elevator up spins AIy and AIZ = 0.20I normal loading

back 0.03-0e.g. moved

(dag)(deg)(fpa) recovery Elevator U N D U N D
(f)

AIX and AIZ =	 0.20 IX ----_ -- 163 el a, dog 53 58 59 49 41 52 52

AIg and AIZ =-0.20I X --- --- 153 el 0, dog 2D iD 0 0 3D 0 0

AIy and AIZ = 0.15 ly - --- 153 a21 V. fps 157 146 144 16Q 163 148 --

Aly and AIZ = 0.301 y -- -- 157 022 2 c 1 21
2

e.g. moved forward 0.03-0 47 III 157 el
ns

Tuor
recovery

cl^ A
4

4 of

c 11--
23-
4

3
e.g. moved back 0.03-0 54 1D 157 61,611 012 2

Tailno. 2 Tai	 no.	 modifie TWZn62'
modified
normal loading

AIX and AIZ
= -0.20 IX

flaps down 500
AIX and AI Z aSteady spin data for rudder against spin,

flaps down 500 AIy and AIZ —0.201 bRate of descent increased slightly after

= 0.20I AI	 and AI ZY
rudder reversal.

c.	 movedg•
0.202 °Recovery attempted by simultaneous reverse]

of rudder and elevator.
back 0.033 e.g. move	 _

sa dReoovery attempted by rudder reversal with
elevator down,

Elevator U N D U U N D U N D
(g) (f) (g) a isual observation.

£Auxiliary fin-added beneath fuselage abouta, deg ---- ---- 49 54 49 58 54 -___ 47 ___
45 inches long by 22 inches deep, full ace

8Wandering spin.	 `
NATIONAL ADVISORY

COMMITTEE FOR AEWMAUTICS

¢, deg ---- ---- 0 3D 1D 3D lu ---- 3D ----

11, rps ---- ---- ---- ---- ---- ---- ---- ---- --- ---_

V, fps ---- ---- ---- 160 165 153 149 ---- 149 ----

Turns
for ---- ---- 4^ c 1 e 1

recover 4 2 12 3 3 ---- 00 ---

Lie.



Dimen s i ona 1 Data

(Full Scale)

b,	 ft	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . . 23.33
L,	 ft	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . . 26. 64
a,	 i-n.	 .	 .	 .	 .	 .	 .	 .	 .	 . 238.00
S,	 sq ft	 .	 .	 .	 .	 .	 .	 .	 . L^27.00
A.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 1.27
Sh,	 sq ft	 .	 .	 .	 .	 .	 .	 .	 . . 46.80
Sa, sq ft (ailevators)	 . . 27.30
S s ,	 sq ft (stabilizer)	 . ®	 19.50
Sv,	 sq ft	 .	 .	 .	 .	 .	 .	 .	 . . 28.30
Sr,	 sq ft	 .	 .	 .	 .	 .	 .	 .	 . .	 13.20
br,	 deg	 .	 .	 .	 .	 .	 .	 .	 30 R,	 30 L

TDPF.	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 0
Landing condition	 D.E.

stab.,	 deg	 .	 .	 .	 .	 . .	 30 D
Landing gear

Prototype and
intermediate Fixed.

Fighter	 .	 .	 .	 . f Conventional
/9.98°

Model as testes:

9tor hinge

toiiZe,-
hin9e

&C.

^	 ere

AC t1 RM No. L7E 15
	 CONFIDENTIAL	
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SCALE MODEL OF THE VOUGHT-SlKORSKY V-173 AIRPLANE

Ailevator Deflections for Different Control Positions for Right Spins

(All ailevator deflections are measured from plane of stabilizer)

Ailerons Against Neutral. With

R L, R L R L
(deg) (deg) (deg) (deg) (deg) deg)

Elevator U 0 30 U 15 U 15 U 30 U 0
N 30 D 30 U 0 0 30 U 30 D
D 30D 0 15D 15D 0 30D

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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CONFIDENTIAL

Mass Data

Loading	 .	 .	 .	 .	 .	 . .	 Prototype Intermediate Fighter Fighter
Landing gear	 . . . .	 A	 .	 .	 Down Down Up Down
W,	 lb	 .	 .	 .	 .	 .	 s	 a .	 .	 .	 . 4615 6283 11,890 11,890

0.218x/c .	 .	 .	 .	 .	 e	 .	 . .	 .	 .	 . 0.225 0.225 0.225
z/8 .	 .	 .	 .	 .	 . .	 .	 .	 0.006 o.006 0017 0.030
Ix,	 s lug-ft2 	.	 .	 . .	 .	 .	 .	 8090 8510 17,178 _	 17,773
ly,	 slug-f t2	.	 .	 . .	 ®	 .	 . 4915 X85 6900 7283
I2 ,	 slug-ft2	.	 0	 . .	 ®	 .	 12,780 12,056 23,571 23,415
Test altitude,	 ft a «	 .	 .	 10,000 10,000 10,000 10,000
µ (at sea level)	 . .	 .	 o	 .	 6.o5 8.24 15®59 15.59
4 1	(10,000 ft)	 .	 .. .	 .	 .	 ®	 8.19 11.16 21.11 21.11
Ix -2Iy	

s	 .	 .	 . 405 x 10-4 379 x 10-4 511 x lo-4 522 x 10®4

mb
IX	 .IZ	 s..... -ioo6 x lo-4 -713 x lo-4 -829 x lo-4 -803 x lo-4

2
mb

I 	 -	 I	
a	 s.	 m	 R 6o l x to-4 334 x 10-4 318 x 10-4 281 x lo-4

2

mb NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resum, of Model Test Results

For the prototype loading condition the spins of the model for
all aileron-elevator settings were very steep (m < 200 ) and the
rates of descent in excess of 245 feet per second (full scale).

Extending mass along the lateral axis (4IX and Z% = 09261 IX)
retracting mass along the lateral axis WX and 6IZ = -0.49 IX)
in conjunction with an extension of mass along the longitudinal axis
(6iy and az = 0.12 Iy), or a forward or rearward movement of
the center of gravity 0^0256 in conjunction with the change
in mass along the lateral and longitudinal axes led to steep, high-
velocity spins similar to corresponding spins for the normal prototype
loading and recoveries by rapid full reversal of rudders were
satisfactory. Because the spin characteristics for the prototype
loading and for changes in mass distribution from the prototype
loading were similar, it is believed that recoveries from spins
for the normal prototype loading if attempted would have been
satisfactory.

Deflecting the leading edge of the stabilizer 300 down when the
ailerons were set against the spin for the prototype loading produced
unsatisfactory recoveries (- turns), whereas for the condition of
mass retracted along the lateral axis and extended along the
longitudinal axis (aX and AIZ = 0.49 IX and ay and
AIZ = 0.12 Iy), the test results indicate that generally deflection
of the leading edge of the stabilizer 300 down had no appreciable
effect on the satisfactory recovery characteristics of the model.

The spin and recovery characteristics of the model ballasted
for the intermediate loading were similar to the spin and recovery
characteristics of the model for the prototype loading except when
the ailerons were full against or full with the sp i n with the
elevator full down ., for which cases recoveries were unsatisfactory-
Deflecting the leading edge of the stabilizer 300 down produced
satisfactory recoveries from. the ailerons against or neutral spins
but unsatisfactory recoveries from the aileron-with spins.P

For the fighter loading (stabilizer in neutral position), the
recovery characteristics of the model were unsatisfactory. Deflecting
the leading edge of the stabilizer 300 doi-m slightly improved the
recovery characteristics. 	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

C?"O NN F, I D L", 1", '11, 1 A L
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SPIN DATA OBTAINED WITH THE -L-SCALE MODEL OF THE VOUGHT-SIKORSKY V-173 AIRPLANE

[Unless otherwise indicated, steadY°spin data are for rudder-with spins of the model in the clean
condition with the landing gear extended and stabilizer setting zero and recoveries were
attempted by rapid full rudder reversal from right erect spins]

Protot ype loading Prototype load
AT	 end AT	 - 0.261

Prototype loading
AIx and Alz = -0.49 TX

X	 Z -	 X AT 	 = 0.17 Iyand AI Z
S evatora

as
ailerons

Against Neutral With Against Neutral With Against Neutral With

Lle vatora D
e a

D
s) (a) (e) (o) (e) (e)

D
(ad)"(ad) (f)

N
(f) (f)

N
elevators (e (c) (a) (a) (e)

a, do
9
0

i
n

N
0

i
n

-
^. deg -. - - - _ _ _ _ _ _

v, fps > 24 - >245 >245 45 124 >24 >245 >245 >245 1245 >24 1245 - > 245 >z45 >245 >245 >245 - 124

Torna
for

recove ry,
- -

b l<2 - 1< 4 e_
- - - -

1<22 -	 <22
1 1<22 124 1<24 12Z 121;

Prototype  loading roto ype l04 1n
AIX and AI Z 	-0.43Ix, Pzototy^ loading

Leading edge	 liof sta-bl	 zerAIX and AI Z 	-0. 4y IX,
AT 	 and AI Z = 0.17 Iy , AIy and AI Z =-0.17 Iy, 30^ down, normal

e.g. moved forward 0.0257c e.g. moved back 0.0253'
loading

ilevators
as Against Neutral VA th Against Neutral 'N1 th Against Neutral With

ailerons
hil evato U D U N D U D U N D D D N D U N D U D U N ri D

vat-	 s (f) (f) (a) (a) (f) (e) (f a f f s (c) (c

a, deg - 28 - - - - - - - - 8 - - - _ _ _
N
o
s

i
n

0. deg - 3U - - - 1D - - - - - - - 3D 2D

^ rps o.61 - - - - - - 0. 53 - - - - - - 0.57 0.77

V,	 fps >245 162 1245 >2 45 7245 1245 1245 >245 >245 89 > 245 1245 >245 1245 - 1245 - - - S7 87

Turoa
for

1< z2 3
1

< 22
1

c 2 (̂ 1< 2r-
1

< 22
1

< 24
1

< 22 - - Os 1< 2Z 1< 2z 1< 2 -421Z - < 2 1 - h5 m Co

recovery 4

Prototype loadinji^
Leading edge of stabilzer 300down

AT  and AT  = -o.96 Ix, Intermediate loading Intermediate loading

AIZ, and AI Z = 0.17 Iy AIx and AI Z = 0.257 Ix

'levat ors
as Against Neutral With Against Neutral With Against Neutral With

ailerons
tleveto rs U D U N D U D U N D V N D U N D V D II N D U D
elevators (c c) c) (c) (a) (c (f) ^(f (f) (f) (f) (f) (1) (a) (s (a)

a, deg

a

a
1

- - - - - - - 53 - - 43 38 -

of

i

- - - -

i

0, deg - - ', - 2b - - ' D 7D - 1D

rps - - - - - - 0.66 - 0 .76 - -- - 0.0 - - - - - 0.38

N,	 fps - - - - 1245 - >24 >245 104 21} >241 > 1 7 -169 >24 1245 1245 >245 245 .147

Turns
for

n.
h5 h4

h4 h
5

1<2r h5
1<22 1<22 w 1<22 1<22 1< 22 - 1122 n <2 <2 1 1<24 1<2 8 n

reccvery 4

Intermediate loading
AIy and AIZ	 1:22 Iy

Intermediate loading,
leading sdAO of Fighter loading

stabilizer	 Oa down (landing-gear retracted)

ile88tora
Against Neutral With Against Neutral With Against Neutral WLth

at 
Is 

tuns
evatora U D U N D Q D U N D U N D U D Q N N D U N D U N D

- ale vet ors (f k k' (f' ( (1) (k) (f) (a) (t) (L) (8!

a, deg - 69 - - - 39 N
o

s

i

-

-

-

-

o

a

i

- - 58 54 - N
o.

s

i

- 67 43 62 59 49 -

9f, deg - 4D - - 7D - - - - 2D 3D - - 1D 0 1D 2D 1D -

r0s - 0.72 - - 0.7 - - - 0.72 •72 - - 78 0.64 0.71 0.73 o.68

P45

v, fps 245 116 245 >245 1245 184 1245 1245 >245 1245 125 124 >245 184 122 z0z 155 11,5 158 1245

TTurns
<22 eD <2 < Zt G2.1̂. 2 > 2 24 <22 - co co - 0o

m
6 OD w m -

recovery u

aSteep spin.	 h9hen launched in a flat attitude with the rudder against
bRecovery was attempted before the final steep attitude	 the rotation, the model ceased rotating after indicated

was attained.	 number of turns,
cModerately steep spin with increasing radius. 	 SSteep spin with small radius.
dModel attitude did not change after rudder reversal. 	 Wandering spin, rate of rotation varies.
e31ow recovery,	 kWide radius of spin,
f3teep spin with increasing radius. 	 ITwo conditions possible. 	 NATIONAL ADVISOPY

&Two typea of spin.	 COMMITTEE FDR AERONAUTICS
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NACA RM No. L7E15
	

311

132 SCALE MODEL OF TAE GENERAL AIRBORNE TRANSPORT COMPANY XCG-16 GLIDER

Dimensional Data

(Full Scale)

b, ft	 . . 91983
L, ft	 . .	 e . 48.29
Z4, in 	 . . 168.00
S, sq ft . .	 .	 1176900
A . . e . . . • . . e . . .	 7. 16
L.E. W aft L.E. c r , in. . . 25.00
Sh , sq ft . . . . . . . . . 204.00
Se , sq ft . . • . . . . . e 68.60
Sv, sq ft . . . . . . . . e 60.30
Sr, sq ft . e . . . . . . . 28900
6r, deg e . . . . . . . 19 R, 19 L
6e, deg . . • . . . . .. 33 U, 20 D
6 a , deg (full stick)	 20 L4 10 D

(1/2 stick) .	 10 U, 5 D
(1/3 stick) . . 7 U, 3 D

6f, deg (Wing) . . . . . .	 45 D
6 f , deg (Cargo section) . .	 30 D
T DPF Normal tail . . . . 7 x 10-6

Twin vertical tails 34 x 10
Twin vertical tails
with modification 1, 206 x 10'6

Landing gear	 .	 . Tricycle

t e/ev Gunge

^" Ia3'00

-""

	

1.95	 -

	

5Coi/eron z	 ^` f/aphinge M57.c.

	

hinge 77^C. 	 flap hinge
84.9 Y 71W. C.

—34-46'r

it rudder hinge

75"

FUS. ref. line
0° incidence

Mode/ as tested.

Mass Data

Normal Loading 1 Loading 2 Loading 3
(Airplane) (Loadings tested with model)

W, lb .	 .	 .	 . .	 . 18,040 18,040 18,950 27,250
x/L'.	 .	 .	 .	 . .	 . 0.302 0.306 0.302 0.302
$/F .	 .	 .	 . . -0.004 -0.032 0,013 0.106
Ix, slug-ft2 45,000 65,100 105,900 110,200

IY , slug-ft2 32,600 44,000 93,100 97,800

I2 , slug-ft2 . 74,800 105,800 137,500 137,500

Test altitude, ft 15,000 15,000 15,000
0 (at sea level). 2.18 2.18 2.29 3.30
IAA (at 15,000 ft) 3.47 3.64 5.24

IX^
26 x 10-4 45 x 10-4 26 x 10-4 18 x 10-4

mb
.

IY - I2 . .
0 -89 x 10-4 -132 x 10-4 -90 x 10 -4 -57 x 10-4

I- --X 63 x 10-4 87 x 1® 7 64 x 10-4 39 x 10 -4
mb NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

Because of the structural design of the model it could not be
ballasted to represent the glider at a reasonable test altitude for
the normal loading condition. It was believed, however, that the
spin characteristics of the glider could be estimated from results
of tests for certain loadings other than the normal loading, and
accordingly the model was ballasted and tested for three loading
conditions at an equivalent test altitude of 15,000 feet. It is
believed that the data for loading 2 is most nearly representative
of the glider in its normal loading condition.

For all loading conditions tested, with the model in the clean
condition equipped with either the original single vertical tail or
the alternate vertical twin tails (see sketch) with or without
dorsal fins, the model would spin only when the ailerons were partly
or full with the rotation and the elevator was partly or full up.
Recoveries from these spins were unsatisfactory by rapid full rudder
reversal whereas neutralizing the elevator produced satisfactory
recoveries. It should be noted that a reversal of the rudder alone
caused the motions of the model to become violently oscillatory.

Deflecting the flaps 450 had little effect upon the recovery
characteristics of the model except with the controls in the normal
configuration for spinning, for which case an oscillatory spin was
obtained and recovery from this spin was unsatisfactory. Inverted
spins were attempted with the model equipped with twin vertical tails
and dorsal fins (see sketch) and ballasted to represent loading 2.
In general the spin recovery characteristics were similar to the
spin—recovery characteristics for erect spins with the model modified
with twin tails and ventral fins (modification 1) as would be expected
inasmuch as the tail effectiveness for recovery is probably of the
same order for both cases.

A large increase in vertical tail area (modification 1) did not
improve the recovery characteristics of the model.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 
32 

SCALE YODEL OF GENERAL AIRBORNE TRANSPORT XCG-16 GLIDER

Unless otherwise indicated, the model was equipped with twin vertical tails and dorsal fins, steady-spin
date are for rudder-with spins of the model in the clean condition and recoveries were

attempted by rapid full rudder reversal from right erect spins

Loading 1, single vertical tall Loading 1,
Loading 1n8twin vertical tails

With
Ailerons Against Neutral Against Neutral With Against Neutral With1 Full

Elevator U N D U N D U 0 50 U N D U I 	 N	 I D U N D U N D U N D U N D U N D

a,	 deg

N N N N N N

15	 15 18

N N N N N N N N

16

N N N N N N N N

22

N N

0, deg 2D	 1D 1D 2D 2D

^. rps 0.21 0.31 0. 38 0.28 0.28
V, fps o 0 0 0 0 0 229	 207 293 0 0 o o 0 0 0 0 225 o o o o o o o 0 219 o o

a
P

s
P

a
p

a
P

s
P

s
P >2

a
P

a
P

s
P

s
P

s
P

s
P

a
P

s
P

Co

a
P

s
P

s
P

s
P

s
p

e
P

s
P

s
P

0, s
P

s
PTurns 1

n
1 1 1 1 i a l S 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1

s2
1 1

for
recovery

n n n n n
1

1_
4

n n n n n n n n n n n n n n n n all n n

12	
b1

al
 1
2

Loading 2 Loading 3 e.g. moved back 0. }5c
(loading 2)

Ailerons Against Neutral
With

Against Neutral With Against Neutral
With

Full Full

Elevator V N D U N D U U 160U N D U N D U, N D U	 110U N D U N D 0 N D II II 50U N Dc d d ° °
a, deg

0 0 0 0 0 0

14 12 ---

o o o o o 0 o o o

-'-- 12

0 0 0 0 0 0 0 0

15 19 14 --

N0

p,	 deg 0 5D --- BD	 2D 6D 5D 2D --

f2, rps 0.29. 0.34 --- a.35 0.36 0.20 0.23 0.31 --

V, fps 229 221 257 247 280 218 194 218 --
s
p

s
P

a
P

a
P

a
P

s
P a1

a
P

s
P

a
P

a
P

a
- P

e
p

a
P

s
p

a
P

a
p

a
P

s
p

s
P

s
P

s
P

a
P

a
P

w

1 1 1 1 1 1 all a^
p
i

Turns
n n n n n n 12 n a a n n n n n n n n n n n n n n i

for >3 b 1 --- CD CO OD b3 co
recovery -

2
f

12
bi

Flaps fully deflected, InverteP spin, Modification 1,
(loading 2) ( loading 2) ( loading 2) aRecovery attempted by

neutralizing the elevator.
Ailerons Against Neutral With Against Neutral

With
Neutral

With bRecovery attempted by
Full Full releasing the elevator.

-Oscillatory spin.	 Range ofU N D U N D U N D U N D U	 N D U U 00 U VNElevator
c c

U N D U U N D values or average value
given.

dTwo conditions possible.a, deg
26

3 13
-- 30 35 30 __ 22 23 _

N N N N N

26

N

°Spin wl th a radius too
large for testing also2D 4Dp, deg 0 0 0

17D
0 0

15D N
0 0

N
0

__ __ N
0

N
0

_ 5U 7U 4U N -
0

N
0

N
0

 6D 4D N -
0

obtained.

£Recovery attempted by
rps a s s 0.2 3 a a 0. 33 e a a - - -- e a -- 0.20 0.2 3 0.28 -a a s __ 0.2 7 0 33 e -

218

reversing the elevator.

V
' fps 201 176

-- --
201 214 2241

n
1
n

1
n

1 1
n n

1 1
n n

1
n

i
n

i
n

'- 171 p-

n
1
n

1
n

i-

Turns n

for >5 Oe - -- - °J
m 00

recovery

NATIONAL ADVISORY
COMMITTEE FM AENONAUTI :S

Comparison of single and twin vertical Mike	 Modification l
Single vertical

	

	 Area attached to bottom
of each boom

tai/

r^' I	 (Dimensions are full scale
Twin vertical

tails —



(Full Scale)

b, ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 . 1+0.79
L, ft	 .	 .	 •	 •	 •	 .	 • .	 •	 .	 . 26.34
e, in.	 .	 .	 .	 .	 .	 . .	 .	 .	 . 64.00
S, sq ft .	 .	 . +	 • •	 •	 .	 210978
A....•....•...7.89
L.E. Taft L.E. or •	 0
Sh, sq ft •	 .	 .	 • 55.05
So, sq ft .	 .	 .	 . •	 23.15
Sv, aq ft .	 .	 .	 .	 . .	 .	 27.60
Sr, sq ft e	 . .	 e	 11.72
Sr, deg .	 . 25 R, 25 L
8e , deg •	 . 30 U, 20 D
Sa, deg .	 • 20 U, 17 D

Sa, deg ( 1/2 stick) 11 U, 92 D

8a, deg ( landing oandition). 15 D
(Aileron deflections
measured from drooped position)

8f, deg	 .	 •	 .	 .	 •	 . •	 .	 .	 .	 60 D
TDPF	 .	 .	 .	 .	 .	 .	 . .	 224 x 10-6
Landing gear	 . • . Conventional

Lt

t ai/erc

W#

Ref.

T.

Ides
,..age

Ix — 
Iy • e ♦ s • • . •

mb2
Iy - IZ

mb2
IZ - Ig

e e s s • s • ♦

mb2

-48 x 10.4

-99 x 10-4

147 x 10-4
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0 SCALE MODEL OF THE CURTISS 0-52 AIRPLANE
Dimensional Data

Mode/ as tested,

Mass Data

Normal Loading

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

W, lb . . e . . . • • . .	 5097
x^ . . . . . . . . . . . 0.284
t^ . . .. . . . . . . -0.228
Ig, slug-ft2  . . . . . .	 3705
Iy, slug-ft2 . . . . . .	 4970
IZ, slug-ft2 • . . . • .	 7580
Test altitude, ft . . . 	 10,000
µ (at sea leve l) .	 7.74
W (10,000 ft) . •	 . 10.49
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Resume of Model Test Results

In the clean condition, normal loading, for all control
configurations, the model spun at steep angles of attack (from 240
to 360) and recoveries from spins were satisfactory by rapid full
rudder reversal.

Extending mass along the wings or fuselage (AI X and
AIZ = 0.30 Ix or &Iy and. AI  = 0.34 IY) or moving the center
of gravity forward or back 0.056 from its normal position (data
not presented) had no appreciable effect upon the satisfactory
recovery characteristics of the model.

Opening the slots had a very detrimental effect on the steady
spin and recovery characteristics of the model and in general all
recoveries obtained with the slots open were unsatisfactory.

Lowering the flaps 60 0, with or without drooping the ailerons
150, generally did not appreciably alter the recovery characteristics
of the model and rapid recoveries were still obtained for elevator
up spins.

With the landing gear extended; flaps down 60 0, ailerons drooped
150 and the slots open (landing condition), the recovery character-
istics of the model were unsatisfactory except for aileron-with,
elevator—up or elevator—neutral spins. With the ailerons not drooped,
with the model in the landing condition, satisfactory recoveries
were obtained when the elevator was full up for all aileron settings.

In an endeavor to improve the recovery characteristics of the
model in the landing condition an alternate modified rudder (modified
by the addition of approximately 1.40 square feet of area, full scale,
along the lower trailing edge, (see sketch), was installed. This
modified rudder gave appreciably better results than the original;
however, recoveries were still generally unsatisfactory.

An inverted spin could be obtained only when the controls were
crossed and the stick was forward; test results indicated (data not
presented) that recovery from this spin would be satisfactory by
rapid full rudder reversal.	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS.
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SPIN DATA OBTAINED WITH THE -1-SCALE  MODEL OF THE CURTISS 0-52 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder -with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spi-I

Effect of mass variations on
Normal loading turns for recovery

Against With
Ailerons Neutral Ailerons Against Neutral With

Full
_

Full

Elevator U N D II N D U N D II N D U .N D Elevator II N D U N D U N D

a, deg 24 33

17U

N 
0.5

o 165
--

26 32 35 28 34 37 32 35 36 35 35 135 eIX and
AIy

= 0.15 IX
 '^
4

---

1
12

1
>4 -- --

0, deg 11U IOU 12U 11U 3U 6U 8U 5D lU 3U 7D 2D 0

I'L rps .31 o.41 0.53 0.54 o.45 0.53 0-5410-40 0.5 0.55 0.36 0.54 D.55

V, fps 211 210 173 165 201 177 161 198 175 169 185	 173 . 165
eIX and

-21

4
-

Z >4 2 1
-- - 1

4 p
1

4 3 1 1
3

1-
1= 0.30 I

AIy sad

= O.lIZI
1 -_

1
12 2

1
22Turna

for
n

1 1 1
°>3 4 2 1

14

1

b12 14

1p

recovery bl e l
2z e l

3- 2 4
2bl

2

b

1

AIy and

AIZ

 3
r4- 2

^,1
-- 44 = 0.34 I 4

oFlaps 60	 down, normal loading
Flaps 600 down, ailerons
drooped 150, normal loading Slots open, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U N D U N D U N D U N D N D d N D II N D U N D U N D

a, deg --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---- ---- 43 57 57 48 57 60 52 56 57

0, deg --- --- --- --- --- --- --- --- --- --- --- --- --- --- -- ---- ---- 1D 3U 4U 2D 2U 2U 7D 3D 31)

f2. rps --- --- --- --- --- --- --- --- --- --- °° --- --- --- --- ---- ---- 0.40 0.50 0.51 0.41 0.51 0.53 0.43 0.51 0.5

V, fps --- --- --- --- --- --- --- --- --- °-^ °-- --- °° --- --- ---- ---- 16o 132 128 156 128 118 144 130 124

Turns 1 1
^+

1-1 1^ 21 1 1^ 2 31 1 11 31 1 2 -° 11 3 32 00 4 5 op op c.c.s
recovery 4 4 4 4 41 4 4 2 2 4 `F 4

Landing condition, Landing condition, ailerons Lending condition, normal
normal loading not drooped, normal loading loading, modified rudder

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U N I 	 D U N D U N D U N D U D U N D U N D U N D U N D

a, deg 69 71 69 49 6 3 61 46 38 155 °° -° -° --' °- -° - ---- ---- ---- ---- ---- ---- ----- ---- ---- ---

0. deg 4II 3U 4U 5D lU 0 11D 12D 4D --- -'- --- --- --- --- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---

fl, rps 0-5(0-55 0.53 0.3 0.53 0.52 OJ9 0.510.50 --- --- --- --- --- --- ---- ---- ---- ---- ---- ---- ---- ---- --- °° ---

V, fps 118 108 112 140 116 114 14& 126 120 -- --- --- --- --- --- ---- ---- 130_
114 114 132 122 118 14o ---- 120

Turns
for OD 00 00 6 oo 00 ],2' 2 5 e 1

1
2- 3

l
2°2 -- 2 OD 7 4 4 5

2,2

1-21
1

3-
1

4-
2

1$
- --- 3

recovery 4 8 2 2 b14

NATIONAL ADVISORY
aRecovery attempted by rudder neutralization, 	 COMMITTEE FOR AERONAUTICS
bRecovery attempted by simultaneous reversal of rudder and elevator..
aModel would not spin.
dSpin too oscillatory to test.
*Estimated turns for recovery.

Modified Rudder



Eder

7e

Dimensional Data

(Full Scale)

Z JrO 

-1 
36.00---•-^

I

F^isoo"

Mode/ as tested.

f

b,	 ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 . 3 6. oo
L,	 ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 35 -00
c, in. 66.00
S,	 sq ft	 .	 .	 .	 . .	 .	 .	 382.00
A ( upper wing) 	 .	 . .	 .	 .	 .	 3.39
L.E. F aft L.E. or

( lower wing), in. .	 .	 1.32
Sh ,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 51.25
Se ,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 17.50
Sv,	 sq ft .	 .	 .	 .	 . .	 .	 .	 .	 30.00

Sr,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 13.40

br ,	 deg	 .	 .	 .	 .	 .	 . .	 30 R, 5..0 L

be,	 deg	 .	 .	 .	 .	 .	 . .	 35 U, 25 D
ba ,	 deg	 .	 .	 .	 .	 .	 . .	 30 U,	 15 D

-6TDPF	 .	 .	 .	 .	 .	 .	 . . 2110 x 10
Landing gear	 .	 .	 . .	 .	 .	 .	 Float
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12 SCALE YODEL OF THE MARTIN M-159 VOS-TYPE AIRPLANE

Mass Data

Normal Loading	 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTI

IX 
-2IY	

-146 x l0 -4
mb

IY	IZ	
. . . . .	 -93. x 10 -4

mb2
IL	 I--^—X 	 239 x 10°1+
mb

VW, lb	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 5116
x/c .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 0.230
ZAC .	 .	 .	 .	 .	 .	 .	 .

slug-ft2 	.	 .
.	 .	 0.130

IX, .	 3838

IY , .slug-ft2 	.	 . .	 68,40

I.Z , slug-ft2 	.	 .	 .	 .	 . .	 .	 8752

Test altitude,.	 ft .	 .	 . .	 10,000
µ (at sea leve 1)	 .	 .	 . .	 .	 1.86
µ° (10,000 ft)	 .	 .	 .	 . .	 .	 6.59
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Resume of Model Test Results

For the normal loading, clean condition, the model exhibited
a very pronounced tendency to wander and therefore prolonged spins
could not be attained. During these tests, the wing-tip floats
were broken off each time the model struck the safety netting and
accordingly the wing-tip floats were removed and weights added to
give the proper mass distribution value. It was determined that
this change did not influence the spin characteristics of the
model and the wing-tip floats were left off for the remainder of
the tests.

With the mass extended along the wings (L1Ix and
L1IZ = 0.30 IX ), the model spun in a flat attitude and was extremely
oscillatory when the elevator was either partially or full up.
With the elevator either neutral or"down, the spin was steep and
steady. With a pro-spin fin added to the model for this loading,
the spin characteristics of the model were not appreciably affected.
For. the elevator-neutral spins, recovery by simultaneous reversal
of the elevator from neutral to down and the rudder from full with
to full against the spin required 3 turns. (The pro-spin fin
contributed a pro-spin yawing moment of approximately 0.017.) With
mass extended along the fuselage (aIy and LI Z = 0.30 Iy) and
with the pro-spin fin installed (data not presented) there was but
slight differences in the spin results of the model as compared
with the results obtained with the mass extended along the wings
and the pro-spin fin installed.	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



NACA RM No. L7E15
	

319

SPIN DATA OBTAINED WITH 7HE: 12 -SCALE MODEL OF THE MARTIN M-159 AIRPLANE

[Unless otherwise lndicated, steady-spin data are for spins of the model in the clean condition]

AI	 and	 AI	 = 0.30I	 aileron-neutral spinsX	 2	 X
AIX	 and	 AIZ	= 0 -301X, 	 aileron-neutral spins,

pro-spin rin attached

Rudder leva or	 Description of spin Rudder Elevator Description of spin

With 350 U Flat, oscillatory spin, low velocity With 350 U Flat, oscillatory spin, low velocity

With 150 U Flat, oscillatory spin, low velocity With 150 U Flat, oscillatory spin, low velocity

With N Steep spin, high velocity with N Steep spin, high velocity

With 250 D Steep spin, high velocity :tii th 250 D Steep spin, high velocity

Neutral 350 U No spin Neutral 350 U Flat, oscillatory spin, low velocity

Neutral 150 U No spin Neutral 150 U Flat, oscillatory spin, low velocity

Neutral N Steep spin, high velocity Neutral N Roderate attitude, moderate veloclt

Neutral 250 D Steep spin, high velocity Neutral 250 D- Steep spin, hi h velocit,.

Against 350 U No spin Against 350 U No spin

Against 150 U No spin Against 150 U No spin

Against N No spin Against N No spin

Against 250 D No spin Against 250 D No spin

NATIONAL ADVISORY
CONNITTEE FOR AFRDNADTICS

Pso-spin fin attached to Mode/-

/nboard wing tip

40Dw	
2.00° 	 20°

400"

(oisrieas/ons ore mode/ va/ue,r)
z.00
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-W -SCALE MODEL OF TIRE NAVAL AIRCRAFT FACTORY XOSN-1 SEAPLANE AND LANDPLANE

Mode/ as tested.

2.56"

, ev^hinge

r wing
modification_	 X12.40" it of/eron

aileron	 7 hi
hinge	 2.3j9"  	 f/aplap hinge

2700"

30

/o

4.65" 24.75'
20.45" 495

/3.03 "50	 2.42"Incidence 35	 /0.	 4.93"
T. L. W
	

-

¢ rudder4S6"	 3.5°incidence	 hinge

Model as tes ted.

Dimensional Data

(Full scale)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(Dimensions are the same for landplane and seaplane
except mbe re ncL ed )

b, ft . . e . . . . . • • . 36.00	 gr, deg • . . . . . . . . 30 R, 30 L
L, ft be, deg . . .	 •	 30 U, 20 D

Seaplane	 • . .	 . .	 e . .	 33.40 gas deg . .	 30 II, 15 D
Landplane • .

a, in
.	 • .	 . . .	 27.90

70.09
b fs deg .	 . .	 .	 .	 .	 .	 .	 .	 .	 .	 45 D•	 .	 .	 .	 .

S, sq ft	 .
.	 . .	 . •

.
.

378.25 TDPF
Seapleme	 . . . . . . .	 324 x 10-6A

L•E• 'a aft L.E. cr, in .
4906

.	 19.13 Landplane. . • . . . .	 313 x 10-6

Sh, sq ft. . 69.00
Landing gear

Seaplane • . . .	 . Floatso , sq ft	 .® 27.00 Landplane . .	 .	 . . . . . .	 . Fixed
Sv, sq ft . . . .	 . •	 s . 029.70
Sr, sq ft . .	 . .	 . .	 9 • .	 21.40
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Mass Data

Normal Loading

(Seaplane)

W, lb . . . . . . . . • • . 5299
x. . . . . . . . . . . . /0.286
Z/U . . . . . . . . . . . . 0.044
Ig, slug-ft2 . . . . . . . 3610
Iy, slug-ft2 . . . . . . . 5710
IZ , slug-f't2 . .	 .	 . 7070
Test altitude, ft . 	 10,000
V (at sea level)	 . 5.08
µf (10,000 ft) .	 . 6.89

IIX O 

2 
y • . . . . .	 -99 x 10-

mb
-Iy IZ . .
	 • .	 -64 x 10-4'

mb2
IZ - Ix . .
	 . •	 163 x 10-4

mb2

(Landplane)

W, lb . . . . • . . . . . • 5023
x............0.319
Z/O . . . . . . . . . . . -0.022
Ig, slug-ft2 . . . . . . , 2705
Iy, slug-ft2 • . .	 .	 5115
IZ , slug-ft 2 . . . .	 . 6496
Test altitude, ft . .	 . 100000
µ (at sea level) . .	 . . 4.82
N t (10,000 ft) . . . . . . 6.53

Ix - Iy	 -119 x 10-4
mb

Iy- IZ	 • .	 .	 -68 x 10-4
mb2
- IZ	 X.	 .	 .	 187 x 10-4

mb2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resume' of Model Test Results

The recovery characteristics of the seaplane and landplane models
when in the clean condition, normal loading, were generally satis-
factory by rapid full rudder reversal for all control configurations
tested.

Moderate extension of mass along the wings or fuselage (see chart
for quantitative values) or center—of--gravity movements forward 0.083
or rearward 0.053 from the normal position for either of the two
models had no appreciable effect on the recovery characteristics of
the models. For the "worst" loading condition, that is, mass extended
along the wings (see chart for quantitative values) and the center of
gravity moved forward 0.083`, the recovery characteristics of both
models were similar to the characteristics for the normal loading
condition.

For the seaplane model, deflecting the flaps or opening the
slots had no appreciable effect on the recovery characteristics of
the model.; for the landplane model, however, deflecting the flaps had
a slight beneficial effect.

Installation of a modified upper wing (original wing with no
sweepback) had little effect on the turns required tc effect a
recovery from a spin.

In an attempt to obtain rapid recoveries for the "worst" loading
conditions of the models with the elevator full down, a number of
tests were conducted with a series of tail modifications (modifi--
cations 1 to 54). Results of these tests indicated that increasing
the height and decreasing the chord of the rudder, or lengthening the
fuselage, or lowering the horizontal tail surfaces, led to the
desired results. Tail number 54 gave rapid recoveries from spins for
both the seaplane and landplane models in their normal loading
conditions.

NATIONAL. ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 	 MODEL OF THE NAVAL AIRCRAFT FACTORY XOSN-1 AIRPLANE

Unless otherwise indicated, steady-s pin data are for rudder-with spins of the model in the clean condition and
recoveries were attempted by rapid full rudder reversal from right erect spins

Seaplane; effectof mass variations
Seaplane, normal loading and e.g. movements on turn" for Seaplane, AI	 and	 0. 0X	 AI Z =	 3	 IX,,

recovery.	 Aileron-neutral spina. e.g. moved forward 0.08c

Elevator II I N
Against With Against with

Ailerons 30U 17-4T Neutral 7.4 30U AIX and AIZ = 0.15-IX 811 13 Ailerons 30U 17-41 Neutral 7.4. 3OU
15D 9D 9D 15D . 2 4 15D 9D 9D 15D

Elevator N N u N D N N AIX and AIZ = 0.30IX
all

134 N N U	 I N D N N

a, deg 50 53 46 47 49 3 0 25 AIy and AIZ = 0.15 Iy all 11 a, deg 51 52 46 46 49 32 32

p, deg 0 III 2u lU 0 5D 7D
AIy and AIZ = O.jO Iy b___ 1it

.0, deg 1D 3D 0 0 0 3D 4D

rps 0. 53 0.53 0.43 0.53 0.55 0.58 0.65 !j, rps 0.55 0.55 0.45 0.56 o.56 1 0 -55 0.55

V, fps 118 118 129, 120 118 155 156 e.g- moved forward 0.08c al
2 V, fps ' 119 119 132 126 122 149 148

Turns
for

1
1-

1
1-

3
4

14

1 2 1 ----
c.g. moved back 0.05c

ab1
11 Turns

for 11- 1
1-

1
2

1
2- 11- 11-

Bomber loading
b
1t

1
12recovery 4 2 all 1 recovery 2 2 al 4 4 4

Seaplane, effect of Seaplane,
enplane, normal slots for aileron Seaplane, effect of flaps and slots on modified uppe r
loading effect neutral spins, normal turns for recovery for aileron neutral wing, normal
f flap "ettings loading spins, loading
or aileron
eutral spina

AIX and AIZ = 0.301X
c.Z. moved forward 0.08c Ailerons Neutral

Elevator N
is open

Slots Right
open

Left
open

Both
open Elevator U	 N	 DFlaps X50

300	 450
N D

down
43

Flaps 150 down 11 1 1
deg

Q,
37 44

ffl, deg lU 4U jU
Elevator N N N Elevator U N U N U N ----

a, deg 45 39	 33 a, deg --- 46 ___ 44 ___ 4o Flaps 300 down 14 °1 °1z _q , rps 0.41 0. 55 0.57

$6,	 deg 0 2U	 3U p, deg --- 3u -- 6D --- 4D Flaps 450 down

Right slot open

11

11 ____

___

____

V, fps 139 126 124

R, rps 0.52 0.51 0 .52 , rps --- 0.54 -- 0.51 --- 0.

Turns
for

recovery

1
-
a3
-
41

1lz 2
V, fps 121 126 128 V, fps --- 120 --- 123 --- 130

Turns
for

1
1-

1-	 1 l
Turns
for ---

l
i- --

1
1- --- 1

-Left slot openp. 111 --__ -'-^

Both slots open 1 --- ---recovery 2 r+I Irecovery 2 2 2

Landplane, effect of mass Landplane,
variations and c.g. move- Landplane, modified

Landplane, normal loading ments on turns for recovery Landplane, effect of flap modified upper wings
for-aileron-neutral spins on turns for recovery for upper wing

normal

AIy - AIZ
0.341y,aileron-neutral elevator-

neutral spina loading c.g. moved
forward
0.08cAgainst With Elevator u N D

Ailerons Neutral30U 17.4U 17.4u

I

301 AIX and AIy = 1
15D 9D. 9D 1 5D 0.20 Iy 12 Ailerons Neutral Neutral-_

Flaps down 150 00Elevator N N II N D N N olx0alnd AIZ =
14y lZ __ Elevator U N D U N D

a, deg --- ___ __ __ __ _ __ ____
 10-17

AIy and AIZ = al- 11 _- a, deg 43 . 49 48. 44 47 48Iy 4 4
Normal loading 14 14 14

9f,	 deg --- --- -- -- -- ---- ---- AI
o.^41

and AIy = ___ 13 - j0, deg LII GU 3u lII 0 1

Q , rp s --- --- _- _- _-
---

___- c.g. moved fo
ward 0.08-c ---

114 --

AIy and AIZ =

U• 34 Iy

112 1lZ fl, rps •45 -54 0. 5510 41 0.47 •5

V, fps --- --- -- -- -- ---- --° O. g05emoved bac ___ 14 __ V, fps 130 119 115 134 127 116

Bomber loading a1 2 -- all a2
a2 e.g. moved 4

AI	 and AI Z = a
9

Turns
for

1
12 2 2 3 14 3 forward, 0.08c Turns

for
1

lZ l21
e i 14

1
32

recovery ry
0 34^ y

1	 1
1

21 oo 3recovery4
1 C.g.moved try 2 4

4forward O.Ob'c

°Recovery attempted by simultaneous reversal of rudder and elevator. 	 NATIONAL ADVISORY
bBefore recovery was attempted model wandered. 	 CONNITTEE FOR AERONAUTICS
CVisual observation.
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SPIN DATA OBTAINED WITH THE 1
6
-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY XOSN-1 AIRPLANE - Continued

[Unless otherwise indicated, steady-spin data are for the rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spina

Effect of tail modifications on turns for recovery for aileron neutral spins for an adverse loading condition,
(eIy and AIZ = 0.17 Iy: e.g. at 0.256)

Tail Modification
Elevator Tail

umba Modification
Elevator

D
N D_T Numbe

1 Normal load, tail wheel off j 2 20 eIy and AIz = 0.34 Iy, c.g. at 0.246, 22 ______
alternate tail wheel number 1

1 Seaplane, normal load Z 11 21
AIy and AIZ = 0 . 34 Iy, e.g. at 0.246, 1

--""-4 alternate tail wheel'number 1 22

1 22
c -	 -1; U-2,

a ternate
 11j.11%54

heel number 1	
-

3
1 dIy and AIy = 0.34 Iy, e.g. at 0.246 0D 22

23 AIy and AIZ = 0 . 341y, e.g. at 0.246,
alternate tail wheel number 1

31
2

______
Horizontal surface down 6 inches,

1 ^ -----
AI	 and AIZ = o.i	 Iy, c.g. at 0.	 -L,
alternate	 all wheel number 1

4 ----_-tail wheel off

1 Horizontal surface down 16 inches 2 -----

25
AIy and eIz	 0.34 Iy,number at 0.246
alternate tail wheel number 1 22 """"""

1 Horizontal surface up 20 inches :14 -----

26
alternate

and eIz = 0.	 Iy, e.g. at 0.246,
 tai-1 wheel number 1

21 ------
1

1 Horizontal surface back 12 inches OD 22

^7
AIy and eI2 = 0 -341Y, c.g.at 0.246,
alternate tail wheel number 1

2^
Horizontal surface back 12 inches,

1 fin forward 22 inches m 24

28 AIy and AIZ = 0.34 Iy, e.g. at 0.246,
alternate tail wheel number 1

31
2 ------

1 Tail lengthened 12 inches 14
^9 AIy and AIZ = 0. 34 Iy, c.g. at 0.246,

alternate tail wheel number 1
11
2

______

AIy and AIZ = 0.34 Iy, 	 e.g. at 0.246,

j0 andAIy	 AIZ = 0.3y.Zy , e.g. at 0.246,
alternate tail wheel number 1

1 1
2

----_-z 1 24alt ernate tail wheel number

AIy and AIZ = 0 -34 1y, e.g. at 0,246,

--5--

21

3 alternate tail wheel number 1 4
jl sly and AIZ ,=	 Iy, c.g. at 0.246,

alternate tail
l whe
wheel number 1

2 ------
4 AIy and et	 = o. 4	 y,	 c.g. at 0.2 c,

alternate fai	 w0ee	 a ----' 2

Normal load, tail wheel off 1 ----- -	 j2 AIy and AIZ = 0.341y , c-g. at 0.247, 13
- 
___

5 alternate tail wheel number 1 4

AIy and AIZ = 0.34 Iy, e.g. at 0.246. >5 ----- 33 an	 z =	 IY .y,	
c.g. at	 ^, 2 ____-

34
eIy and AIZ = 0.341y. e.g.
alternate tail wheel numbe4

'1 _____
5 tail wheel off

AIy and AIy = 0 ' 34 Iy, e.g. at	 0.246, 2
16

tail wheel off 2

-----

35 A	 an	 AIZ =	 1y , e.g 5
y _____

7 AIy and eI2 = 0.34 IY, e.g. at 0.246,
a	 wheel-

2 _____
36

AIy and AIZ = 0. 41y, c.
ter ate tail wheel 	 bg

WInches

3 -----

7 Normal load, tail 'wheel off ----- 1 37 y	 Y ' o ' galternate	 ai	 vh	 unba2 -----

8 AIy and AIZ = 0.341y, e.g. at 0.24c,
tail wheel off

2 ----- 38 Horizontal aurface down 6 2

9
sly and AIz = 0.34 Iy, e.g. at 0.246, 3 ----- 38 Horizontal surface down 16 incnes 13
tail wheel off
Aly and AIz = 0.34 ly , e.g. at 0. 11

9 alternate tail wheel number 1 2z ----- 38 Horizontal auri'a ce up 20 Sncnes z
-----

y AIy and AIz = 0.34 Iy, e.g. at 0.247, 2 38 Horizontal surface back 12 inches
1

1- -----
alternate tail wheel number 2 4

9 Normal load, alternate tail wheel ----- 1 38 Horizontal surface back 12 inches, 2 _____
number 2 fin forward 22 inches

10 AIy and AIz = 0.34 Iy, e.g. at 0.246,
2 ___ 38 Tail lengthened. 12 inches 11 -----

alternate tail wheel number 1

11 11y and AIZ = 0.3 	 Iy,	 c.g. at 0.2 1" _____ 39 Horizontal surface down 16 inches 14 -----
alter at	 t o	 w	 e

12 AIy and AIy = 0.34 Iy, e.g. at 0.247, 21 -----
alternate tail wheel number 1 2 40 Horizontal surface down 16 inches

it
-----

13 Y and 61Z -	 Y, e.g. at	 . W ro -----
40 Horizontal surface back 12 inches 3z 1AIy and AIZ = 0.34Iy, e.g. at 0.246, 4114 alternate tail wheel number 1 4
40 Tail lengthened 12 inches 2 -----

AIy and AIy = 0.341y, e.g. at 0.246,
alternate tail wheel number 1, two anti 41 -----

4 1 Tail lengthened 12 inches 1 1- -----

^4
spin fillets (32" x 2" x 2") on tail

15 AIy and AIy = 0 .341y, e.g. at 0.246, 2
alternate tail wheel number 1 41 Horizontal surface down 16 inches 122 -----

16 AI	 and AIZ - 0.3	 Iy,	 c.g. at 0.	 c,y _a ter

AIy and AIy = 0.341y,	 c-g. at 0.247, >4 13 42 Horizontal surface down 16 inches 2 -----^7
alternate tail wheel number 1 4

43 Horizontal surface down 16 inches 2Z -----AIy and AIy = 0.34 Iy,	 e.g. at 0.247,
alternate tail wheel number 1, two

>4
_____

43 Horizontal surface up 20 inches 2 -"-"
17 anti-spin fillets (32" x 	 x 2")

forward horizontal surface
AIy and AIZ = 0.341y, e.g. at 0.247, _ _____

18 alternate tail wheel number 1 24
44

Horizontal surface down 6 inches, and
back 6 incnes, one anti-s pin fillet
(48" x 2" x 2")

>5 2
^9 AIy and eIy = 0.34 Iy , e.g. at 0.246, 2 11

alternate tail wheel number 1 2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 16-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY XOSN-1 AIRPLANE - Concluded
(Unless otherwise indicated, steady-spin data are for the rudder-with spina of the model in the clean

condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Effect of tall modifications on turns for recover$ for aileron neutral spins for an adverse loading
condition.	 (AIY and AIZ = 0 - 171y; e.g. at 0.25c).

Trail
type Modification Elevator Tailtype Modification

Elevator
D	 N

D N

44
On top of fuselage ahead of
vertical surface one anti-spin
fillet (20" x 2" x 2")

>4 -----

45
AIY and AIZ = 0. 	 Iy. c.g. at
0.24c, horizontal surface down
6 inches back 6 inches

> 4 _____

45 Seaplane, normal load 12 _____

46 Horizontal surface down	 inches
back 6 inched

2 ----_

44 On bottom of fuselage, forward
tail wheel

>4 _____ 47 Horizontal surface down 6 inches
back 6 inches 11

44 Horizontal surface down 16 inches 4 ----- 48 Horizontal surface down 6 inches
back 6 inches

1
12 -----

44 Normal load 112 ___-_ 49 Horizontal surface down 6 inches
back 6 inches 2 '''--

45 Normal load 12 --___ 49 Horizontal surface down 16 inches 1

45
Normal load, horizontal surface
down 6 inches, back 6 inches

1
12 ----'

50 Horizontal a— ace down 6 inches
back 6 inches 4

51 Horizontal surface down 16 inches 12
4

_____

45
Horizontal surface down 6 inches,
back 6 inches

1
22

-----
52 Horizontal surface down 16 inches 12

4
-----

45 Horizontal surface down 6 inches 21 -----
53 Horizontal surface down 16 inches 2 -----

45 Horizontal surface down 16 inches 2
54 Normal load 12 ___--

45 Horizontal surface down 16 inches 2ttI-4
_____

54 Seaplane, normal load 1 -----

NATIONAL ADVISORY

COMMITTEE FAA AEADMAUTMCS
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Tail 7 ar?d8 Tai/ 9

12

Tall /0 Ta//s 12, /3 and 14Tai/ //

Tails 15 and 16 Tall /7 Ta// /B

Tails 19, 20,ond2l Tails 22 and 23 Tall ,24

Orw

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



34

line

4f

Tali 36 Toil ?7

line

Tall 35

Hinge line

Tai/ 25
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NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Tai/ 30
	

Tally X and 32
	

Tai/,r 33 and 34

Tail 38
	 Talls 39 and 40	 Tail 41

Tail 29



Tail 42 Tai/ 44Tail 43

Tail 46	 Tall 47

Tc

Tail 49	 Tail 50Tail 48

Ta// 51	 Tail 52 Tail 53 Tall S 4

NACA RM No. L7E15	 328

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



lder
oe

z6W°

Z5s=14#4

Mode/ as tested.

NACA RM No. L7E 15
	

329

1/16-SCALE IMJDEL OF THE STEARKAN XOSS -1 SEAPLANE AND LANDPLANE

Model as tested.
	 Dimensional Data	

NATIONAL ADVISORY

(Full-scale)
	

COMMITTEE FOR AERONAUTICS

(The data for both airplanes are
the same except where noted.)

b, ft (upper) . . . . • . • 36.00
b, ft ( lower) . . . . • . • 35.00
L, ft

Seaplane . . . . . . . . 34* 55
Landplane . • . . . . . . 29.86

c, in . . . . . . . . . . . 67.23
S, sq ft • . • . • .. • . 3 77.60
A (effective) . . . . . . .	 3.43
L RE aft" O r . . . • • . 1:94
Sh, sq ft . . • . . . • . . 63 .84

^t For lateral mavements of the stick
he flaps acted as ailerons.

. . •	 • 25.88

.	 32.60

. • ..... 16.94
d	 • 25 R, 25 L
. .	 .	 30 II, 20 D

.	 . 25.8 u, 15.6 D
®	 . . .25 U2 12D

. .	 .	 . . . . . . .	 30_r	 D
Seaplane 3 97 x 10-0

TDPF .	 Lls nd plane 3 43 x 10 -6
Landing gear
Seaplane . . . . . . . . float
Landplane . . . . . . . . fixed

So, sq ft . .
Sv, sq ft • •
Sr, sq ft . .
8r, deg . • •
ae, deg . . .
8a

Seaplane .
Landplane
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Mass Data

Seaplane Landplane Seaplane Landplane

W,	 lb	 .	 .	 .	 .	 .	 .	 . .	 5135 6 4,790 Ix - IY . . -144 X 10-4 -186 x 10-4x/c .	 .	 .	 .	 .	 .	 .	 . .	 0.267 0.307 ---2-
a,tc ..	 .	 .	 .	 .	 .	 .	 .
Ig,	 slug-ft2 	.	 .	 .

.	 0.052
.	 3,457

-0.084
2,186

mb

Iy,	 slug-ft2 	.	 .	 . .	 6,554 5,777 IY - 
IZ . . -43 X 10 -4 -63 X 10--

1Z,	 slug-ft2 	.	 .	 . .	 7,476 6,977 2
Test altitude,	 ft . .	 12,000 12,000 mb
µ (at sea level)	 . .	 5.14 4.6
µ	 (12,000 ft)	 .	 . .	 7.44 6.65 IZ	 - I X . .	 187 x 10-4 2 49 X 10 -

2
mb

Resume of Model Test Results

For the normal loadinp,,clean condition, the aileron-neutral,
elevator-full -up spin of the seaplane model was of a wandering
nature which prohibited testing. With the elevator set loo up the
wandering motion of the model became less pronounced and recovery
by rapid full rudder reversal was satisfactory (1 turn). With the
elevator either neutral or down recoveries by rapid full rudder
reversal were slightly retarded although still satisfactory.

Lowering the flaps either 15 0 or 300 with the stick laterally
neutral had little effect on the recovery characteristics of the
model.

With the revised tail recoveries of the seaplane model from
spins were slightly faster than from corresponding spins for the
model with the original tail. Setting the ailerons against the spin
with the flaps neutral or down (flaps disconnected from aileron)
retarded recoveries slightly.

For the l.a.ndplane with the revised tail the recoveries were
satisfactory when the elevator was full up or neutral independent
of flap and aileron deflections. Satisfactory recoveries could
be obtained for elevator-down spins only when the ailerons and flaps
were with the spin.

For the model representing either the seaplane or landplane
extending the mass along the wings or along the fuselage or moving
the center of gravity either forward or rearward (values given in the
chart) had little effect on the recovery characteristics of the
model.	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED KITH THE &-SCALE MODEL OF THE S T E A ~ A N  XOSS-1 AIRPLANE 

D~~~~ Ind ica ted ,  stead.v-sPin d a t a  e r e  f o r  r u d d e r w i t h  apins o f  the  model in the clean 
co,ution and recover ies  ware at tempted by rap id  f u l l  a i r - n ~ d d e r  r e v e r s a l  only from r i g h t  e r e c t  aptnsJ 
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LSCU MODELS OF THE CHANCE-VOUGHT XOS2U-1 SEAPUm AND LANDPLANE 
16 

Mode/ as tested Model as tested. 
9 

NATIONAL ADVISORY 
Dimensional Data COMMITTEE FOB AERONAUTI( 

( F u l l  soale) 

(values are the same for both landplane and seaplane 
exaept where indioated) 

b, f e  . . . . . . . . . . .  36.00 
L, f t  . . . . . . .  Seaplane .33.83 

L~~~dplane  . . . . . . . .  30.08 - 
0, inE e . e . e . r . e 89.50 
S, sq f t  . . . . . . . .  262.00 
A * . .  . . . . . . . . . .  4.94 . . .  L.E. r a a f  LnEe a,, in, 0 
Shs 8 4 f t  e e * a * e e 36-94 

. . .  s,, s q f t  (ino. bale) 16.44 

&, eq f t  . . . . . . . . .  21.45. . . .  4, sq f t  (inc. bal.) 11.45 
6,s deg e e e e * . e 25 R s  25 L 
6es deg . . . . . . .  30 U, 20 D 

T m . {  Landplane Seaplane . . . . 469 480 x x 

Landing &ear 
Seaplane . . . . . . . .  Float 
Landplane . . . . . . .  Fixed 
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W, lb . . . . . . . . . . . 4752
x/T . . . . . . . . . . . . 0.261
z/n . . . . . . . . . . . . . 0.066
IX, :lug-ft2 . . . . . . . 2815
Iy,lug-ft2 . . . . . . . 5633
I Z, slug-ft2 . . . . . . . 720$
Test altitude, ft . . . . .12,000
µ (at sea level) . . . . . 6.58
µ® (12,000 ft) . . . . . . 9.52

oading

aae)

Ix - Iy . . . . . . . -148 x 10-4 <'.

mb2
-Y	 Z	 . -62 x 10-4

mb2

IZ 
Ix	

230 x 10
-4

mb2

Normal L

( Seapl

Mass Data

(Landp lane )

W, lb . . . . . . . . . . . 4675
x/c° . . . . . . . . . . . . 0.278
z/c . . .	 . . . . . . . . 0.013
Ix, :lug-ft2.....2016
Iy, lug-f t2 . . . •	 . . 5080
IZ, slug-ft2 . . . . . . . 6597
Test altitude, ft . . . . 12,000
µ (at sea level) . .	 .	 6.46
91 (12,000 ft) . . 	 .	 9.35

Ix - Iy .
	 -163 x 10-4

mb2
Iy - IZ	 . .	 -81 x 10
mb2

IZ Ix . . .	 . . . 244 x 10-4
mb2

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

In the clean condition and normal loading, the seaplane
model spun steeply with the elevator up, neutral, or down.
Recoveries were satisfactory by rapid full rudder reversal.
Extending mass along the wings (AIx and AT Z = 0.30 IX),
extending or retracting mass along the fuselage (AIT and
DIZ = f0.16 Iy), or moving the center of gravity forward or
back ±0.056 from its normal location did not appreciably alter
the recovery characteristics of the model and recoveries were
still generally satisfactory.

The l.andplane model spun at a flatter attitude than the
seaplane model and recoveries obtained were slower than those
obtained with the seaplane model.

In order to improve recoveries from elevator—down spins of
the landplane model, additional area (approximately 2 square
feet full scale) was added below the horizontal tail surfaces
to simulate possible fairing aft of the tail wheel. This addi-
tional area was quite effective and enabled recoveries to be
obtained in 2 turns. (Data not presented)

With the seaplane model, brief tests were conducted with
a pro-spin fin attached to the inner wing tip (see sketch) in
order to obtain more extensive data for the elevator—up spins.
Satisfactory recoveries by simultaneous rapid full reversal of
rudder and elevator were obtained with the pro—spin fin attached
to the model indicating that the recoveries from the elevator—up
spins without the pro—spin fin installed would have been defi-
nitely satisfactory, inasmuch as the pro—spin fin attached to
the inner wing tip promotes an increment of yawing moment tending
to keep the model in the spin.	 `

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Pro-Spin fin installed a7 wing tip of XOSEW seaplane
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SPIN DATA OBTAINED WITH THE 16 SCALE MODEL OF THE CHANCE-VOUGHT XOS2U-1 AIRPLANE

Unless otherwise indicated, steady-spin data are for rudder-with,aileron-neutral spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins.

Seaplane, Seaplane,effect of mass vari- Seaplane with pro- Seaplane with pro-spin fin
Seaplane, normal loading ations and e.g. movements on spin Pin attached, attached.	 Effect of mass
normal with pro-s01n turns for recovery for ale- e.g.moved forward variations and e.g. move-
loading fin attached vator down conditions - manta on turns for recovery'"':

for elevator-up condition
Elevator U N D II N D AIX and AIZ =.0.15 IX fl Elevator U N D

eIX and AIZ = 0.15 Ix hel.(a) (b) (b) (e) (b)

a, deg -- 22 30 43 46 49 AIx and AIZ a 0.30 IX flldega, 42 48 49
0, deg -- 1D BUI 1D 3II lU gl eIx and AIZ = 0.30 Ix

812

0.41 0.43

aIy and AIZ = 0.16 Iy 0, deg 1D 3II 2IIfl, rps -- 0.52 D-4510-31
AIy and AIZ - -0.16 Iy 1 n,, rps 0.25 0450-45

 AIy and AIZ = 0.16 Iy

be2

be2l
2

V, fps -- 210 163 153 141 133

h 21 V^ fps 142 138 131

hel^
Turn

s

1
1

1
1E

c.g. moved forward 0.056 h I

it_- -_ 2- ---- Turns AIy and AIZ = -o.i6 Iy

^1recovery o21 012 4 e.g. moved back 0.056
recovery

a2 - _

Bo iDg load0ln ,I h e.g.  moved back 0.056d3
(AI	 and A17.	

)

Landpl ane, normal loading
Lae,rudder

rudder Landplane,c.g. Landplane,effect of mass variations and e.g.

neutral spins moved forward 0.056 movements on turns for recovery.

Elevator
u
(1)

20O II
(1)

150 U N D 150U N I	 D U 15ou N D Elevator 150U D

a, deg ---- 52 ---- 54 53 ---- ---- 37 ---- 49 52 53
exx and AIZ = 0.20 Ix

a4
j 1 41

440, deg lu --- III 211 - -- -- 1U -------- -- --- lu 2II III 22

rps ---- 0.39 ----- 0.43 0.45 ---- ---- 0.46 - 0.41 0.45 0.47
a

 2=

AIx and AIZ = 0.40 Ix 1 12-V, fps ---- 139 ----- 132 1 30 ---- -'-- 144 -----141 134 132

21
AIyand 41  = 0.20 

1 82, a 3 32

Turns

2

3^
Z 3

1
3•Z

4 AI	 and AI I_ -0.20 Iy	 Z	 y
e l

? 3g 1 B B 1

e.g. moved back 0.0516 12 31
for

recovery 12 1 a33Z Z 4
--- --- ---- -'--

aJ3
2-
)4

4

Bomber loading e
3

1a2I
2 (aiy and -AI	 m	 0.19 IX

aWandering spin with high vertical velocity.
baandering spin.
cRecovery attempted by rapid full-rudder reversal;water rudder 25 0 with spin.
dRecovery attempted by rapid full-rudder reversal;water rudder 25 0 against spin, high vertical
e Recovery attempted by simultaneous reversal of rudder and elevator.
Before recovery was attempted the spin was steep and wandering.
gRecovery was attempted from a spin of high vertical velocity.
hBefore recovery was attempted the spin was wandering and oscillatory.
IOsc111atory spin.
1 Visual observation.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SK

SCALE MODEL OF THE CURTISS XS03C-1 LANDPLANE AND SEAPLANE

12.43 	 2.15"

^ 5.22"
^t e/ev. hinge

/.75"

5.86{+7.79"
/ZS" /37"

864,.
/.06

.•	 ^ f/op hinge
€ of/elan hinge 847

TL.

.32.57'

4°

14.16'

incidence Y.32"

Model as tested.

.32.57"

1286 	 265"	 ts9'
^S

°i¢ rudder hinge 3 ncidence
.62"

	 14.6	
6.28"

-f 	 i -
608"	 TZ.	 -	 -

¢/'Udder
hin

^22737 N

3/./4	 --^

Mode/ as tes ted.

Dimensional Data
NATIONAL ADVISORY

( Full Scale)	 COMMITTEE FOR AERONAUTI

(Values are the same for both landplane and seaplane
except where indicated)

b, ft	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 38.00
L, ft

Seaplane	 .	 .	 .	 .	 .	 .	 . .	 36.33
Landplane	 .	 .	 .	 .	 . .	 .	 34.24

c, in	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 . 97.40
S, sq	 ft	 .	 .	 .	 .	 .	 .	 . .	 290.00
A.

•	
.	 .	 .	 .	 .	 .	 .	 . .	 .	 4.98

L.E.caft L.E.	 cr,	 in .	 .	 1.00
Sh, sq ft. .	 .	 61.00
Se , sq ft (inc. LL)(i 28.50
Sv, sq ft.	 .	 . 27.30
Sr, sq ft (inc. bal.) 	 . .	 . 13.80

o r ,	 deg	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 30	 Vii.,	 Y
g e ,	 deg	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 30 U,	 Z

8a,	 deg	 .	 .	 .	 . .	 .	 .	 .	 .	 .
Seaplane	 . .	 .	 .	 .	 .	 .	 25	 U,	 1.
Landplane . .	 .	 .	 .	 .	 .	 23	 U,	 1".

5f,	 deg .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 5(
TDPF

Seaplane	 . .	 .	 .	 .	 .	 .	 460 x 1
Landplane . .	 .	 .	 .	 .	 .	 446 x 1

Landing gear
Seaplane	 . .	 .	 .	 . Large float i

wing pontoi

Landplane . .	 .	 .	 .	 .	 .	 .	 Fi:



Normal Loading

(Seaplane)

W,	 lb •	 •	 •	 •	 .	 •	 •	 •	 e	 . .	 5403 IX - Iy
X

/ 
(r.	 •	 •	 •	 •	 •	 •	 .	 s	 .	 e	 •

z/c .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
s 0. 234
. 0.089 mb 

z

Ig, slug-ft2	.	 .	 . e .	 e e	 3855 I	 IZ
Iy, slug-ft2	. .	 . .	 . .
I& slug-ft2	e . . . . .

.	 9500
11 9 800

mb2
mb2

Test altitude, ft . . . . .	 6000 Iz - Iv
µ (at sea level).	 . . . . .	 6.40 -	 -^mb
9*(6,000 ft)	 .	 .	 .	 .	 .	 . •	 7.66

NACA RM No. L7E 15

Maser

a . . . . .

e r . . . . • —9$ X 10-4

0.000•• 328X10-4

(Landplane)

Ws	 lb	 •	 .	 .	 .	 .	 .	 .	 e
X/ C	 .	 •	 •	 •	 •	 •	 .	 •	 •

. . .	 52766
• •	 0.257 •

Ig - Iy
 •	 • s • • • e —	 X 10-4

z/a	 .	 .	 ..	 .	 .	 .	 .	 .	 . .	 .	 . 0.051 mb

IX, slug-ft2	.	 . • .
Iy, slug-ft	 . . . .

.	 .	 .	 2958
• a	 8739.

Iy-ZIZ .	 .	 .	 . .	 .	 .	 -g3 X 10-4
Iza slug-ft2	. . . .	 10,715 mb
Test altitude, ft . .
A (.at sea level).	 . .

. . .	 6000

.	 .	 .	 6. 25
IZ - 

IX'rX e	
. . • . . •	 327 x 10

-4

9 4 (6,000 ft).	 .	 . a •	 7.49 mb2 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

For the landplane model in the clean condition, normal loading,
the normal control configuration for spinning or small deviations
from this control position the recovery characteristics of the model
were satisfactory by rapid full rudder reversal.

MCtending mass along the wings (Al, and az - 0.30 Ix) or

For the normal loading condition drooping the ailerons 150 did
not appreciably affect recoveries of the model; however, drooping the
ailerons 150 while deflecting the flaps 500 (and open cockpit) led
to spins frcm which recoveries could not be obtained when the
ailerons were set full against the spin® The recovery characteristics
of the model were very satisfactory with the slots open for all
control configurations except the aileron-against, elevator-neutral
or elevator-down settings,

With the ventral fin (modification 1) installed on the model,
recoveries from all spins obtained for the normal loading condition
were generally satisfactory.

The steady spin and recovery characteristics of the seaplane
model were in general similar to those obtained for the landplane
model,	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE w$CALE MODELS OF THE CURTISS XS03C-1 LANDPLANE AND SEAPLANE

Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins

Landplane, normal loading, Landplane, a^leron3
Landplane, normal loading rudder neutral spins droopped 15 , normal

loa 1

Against Wlth
Ailerons Neutral Against Neutral With Against Neutral

Full °U,30D 0U,3o Full

Elevator U N D U N D N D U	 N D N D U N D U N D U N D U N D U N D U N D U	 N D"
(a (a (e) a (a) (s a e a

a, deg 53 53 - 54 N	 53 51 45 46 N 23
0 lU

s a58

P 199

i	 1

42 - 28 N
o

s

P

_ _
N
0

s

P

i

- N 4e
0 8U

s 0-310-41

P 134

i	 --

47 N

o

s
P

1

- - p
o

s
P

i

_ - 55 55 53 p ---
o ___

s ---

P 21.6
i ___

47.
deg 6U 6u 6u 0	 5U 4U 2u 3U 2U - 3u - - - - 7u - _ - - 6II 5U 5U lU

(1,	 rps 0 32 0 - 36 o.4c e 0.39 o.4i o.4o.4c 0. 43 - 0. 56 - - - - 0-35 0.4 40 0.41

V, fps 136 129 126 P 124 126 133 134 14 -170 - - - - 131 - - - - 133 128 126 i

Turns
lri

3 6 i 3^ 5 3 4 3 - 1Z i - -- --- 1 3 3z
___

n n n n n n n n

Landplane, effect of mass
changes and e.g. movements on

oLandplane.-flaps down 50 	 cockpits
o Landplane, slots open, normal .Landplane,

turns for recovery for
covered, ailerons drooped 150, normal loading modification 1,

aileron-against s Sns
loading normal loading

Elevator U N D Ailerons Against Neutral With Against Neutral With Against Neutral

AIXO a3 d01 IZ 32 5E levator U N D U N D U N D U N D U N D U N D U N D U N D

AIY 	AIZ = 5} N N 16 N N N N N N. N N NOafs I 
Y

1 2 9 a, deg 51 51 5 1
0 0

- -
0

55 52 50
0 0 0 0 0 0 0

_ --
0

_

AIY 	and	 AIZ = 2 6 00, deg 3U 2U 3U 3U - - 2II 3U 0 - -- - -

R, rps 0.33 0.39 0.41 .58 - - 0.30 0.37 0.390.30 I s s

P P
°
p

s
P

s
P

s
P

s
P

a
P

a
P.

s
P

s
Pe.g. moved for- 11 31

5 V, fps 12 119 117 177 - - 128 124 121ward 0.0 c 2

n n n n n n n n n n ne.g. moved back 11 >4 >7
Turns

for 40 0 0. _
1 2 3^ +22"

0.053 recover

Seaplane, normal loadingP	 c. Sea lane, normal loading; only main float attachedP	 g:	 y
Seaplane, effect of mass changes
and e.g. movements on turns
for recovery; only main float
attachedAgainst With

Slerons Axainst NeutralAilerons Against Neutral With NeutralFull
1 1 Full Elevator N D U N DZ 2

Elevator U N D U N D U N D U N D U N D U N D U N D U N D AIXand Al' = 21
2

1
32 --b b b a s b b b c c a a s a e 0.15 1

a, deg 49 48 - 41 42 - - 53 5 - 48 48 43 - - - - AIX pnjOilZ _ ZZ 2 2.-- --

Y( ,	 deg - 6U 6U 4U 3U - 7II 6 - 6U - 4U 6U - GIy a
nd 

IIz = 3 62 -- -- --
11, rps - 0-380-44 - 0-39 0-40 1 - - - - 0.391 0-1* - 0.40 0. - 0.39 a - - - - - - _GIy and 

A IZ 4 >7 d- fl' 41V, fps - 133 124 - 136 134 - 124 121 - 131 12 - 138 12 - -

Turns
for - 22 3 - --- '-- - - 2z 3 22 ,34

_ 2 2.32 - _ _ _ _ - c • g• moved
forward 0.382' 3 5 -- --

--

cc.g. moved 3'L 4^
recovery

landing

-
2 1. - - _ _

-2 back	 0.073 jj}}

Seaplane,	 condi- Seaplane, gross weight increased aVelocity too high to test.tion; only main float
attached	 normal loadin

20 percent; only mein float
attached bLarge radius of spin,too oscillatory to test.

°Model capable of two types of spin, other type
has velocity too high to test.

dNo spin.	 NATIONAL ADVISORY
COMMITTEE FM AEWMAUTICS

Ailerons Against Neutral With Against Neutral Down

Elevator U N D U N D U N I D U N I	 D U N 100D 200D U
s a

a, deg

o
0

s
P
1

N

s

p

1

N
0

a

p

1

N
0

a
p

5

N
0

e
p

1

N
0

a
P
1

N
0

s

p

1

N
0

s

p

1

o

P
1

N- 56 52

0

a -

p
1

N- 32 34 N

0

a'
P
i

--

de U BU 30 2U

f1, rps a_ 0 .39 0.40 0.42 0.44

V, fps 138 134 155 168
Turns
for n n n n n n n n n- 33 5 n_ _-- 4 n__

recovery

Modification l
(Areas full scale)

2.2 sq. ft.

TL.
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16-SCALE MODEL OF THE CHANCE--VOUGHT XS02U-1 LANDPLA.NE AND SEAPLANE

/4z"

Z°

7/5
.	 4.66"

¢`a//eran hivrga
¢ flap hinge

¢ elev. hinge

aoi'

tS5'

6.62`
5.37'

4.2 5 °
6.93'

28.44

L7 5.76 '-I

-25.62'--

,. 	 6 59„
} ¢ hingee
i hinge

-	 -	 -eoincidence
43°1ncidence /.56"

Model as tested• Model as tested.

Dimensional Data
NATIONAL ADVISORY

( Full Seale)	 COMMITTEE FOR AERONAUTICS

(Dimensions are the same for both landplane and seaplane exoept
where noted.)

b,	 ft .	 .	 . . 38.19 Sr, sq ft .	 .	 . p.	 13.80
L, ft

Landplane . .	 .	 .	 .	 .	 . . 34.16
Sr, deg .	 •	 . 25 R, 25 L

Seaplane . 36.05 b® " deg .	 30 II, 20 D
c,	 in.	 .	 .	 .	 .	 .	 .	 .	 .	 . . 97.60 aa, deg . . .	 30 II, 20 D
S,	 sq ft	 .	 .	 .	 .	 .	 •	 .	 . 299.8

p
0 aa, deg (drooped) .	 .	 .	 .	 .	 35 D

.A	 .	 .	 .	 .	 •	 .	 •	 .	 .	 .	 .	 • .	 4.85 8 f,	 deg .	 .	 .	 •	 . .	 .	 .	 •	 .	 50 D
L.R. Taft L.R. or, in. 14.30 b s (differential
Shp	 sq ft .	 .	 .	 .	 .	 .	 . 59•x.6 spoilers), deg . .	 50 U, 3 D
Se,	 eq ft	 .	 .	 .	 .	 .	 .	 .	 . . 22.82 TDPF	 .	 .	 .	 .	 .	 . . .	 880 x 10-6
SQ ,	 sq ft .	 •	 .	 .	 •	 • 25.70 Landing gear

Landplane . . . .	 .	 .	 .	 . Fixed
Seaplane	 9 . . . . .	 Pontoons
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Mass Data

Normal loading

Landplane Seaplane

W, lb 5099 5336 IX- Iy_
3V5	 .	 .	 .	 .	 .	 .	 . . 0.241 0.231 — 2	 •
Z/0-.	 .	 .	 .	 •	 .	 .
Ix, slug-ft2 	. °

. 0.028
°	 2586

0.063
3412

mb
Iy- IZ

Iy, slug-ft2 	. . .	 8160 8815 •
mb2IZ, slug-ft2 10,150 11,170

Test altitude,ft, 12,000 12,000 IZ - IX

µ (at sea level). .	 5.82 6.10 mb2
µ f (12, 000 ft)	 . .	 8.422 8.82

Landplane Seaplane

-241 x 10-4 224 x lo-4

• --86 x 10-4 -97 x 10-4

. . 327 x to 4 321 x 16-4

Resume of Model Test Results

For the clean condition, normal loading, normal control
configuration for spinning, the landplane model wandered
continuously and descended at a rate too high to test (data not
presented). The addition of a pro-spin fin to the inner wing tip
of the model made it possible to obtain a slow steady spin, and
a satisfactory recovery was obtained for the normal control
setting for spinning indicating that recovery for this spin with-
out the pro-spin fin attached to the model would probably be
satisfactory. Deflecting the elevator partly or full down
produced unsatisfactory recoveries. Test results indicated that
setting the ailerons full against the rotation had no appreciable
effect on the recovery characteristics, whereas setting the
ailerons with the rotation steepened the spins of the model.

Extending mass along the wings (DTX and dIZ = 0.30 Ix),
extending or retracting mass along the fuselage (DIY and
DIZ = +0.20 Iy), or moving the center of gravity forward or
back 0.04-6 from its normal position had little effect upon the
recovery characteristics of the lafidplane model.

Test results (not presented) indicated that the addition of
a large ventral fin (modification 3) to the model was more effective
in improving the recovery characteristics than the addition of area
to the fin and rudder (modifications 1 and 2).

Tests of the seaplane model in the normal loading configuration
were conducted with the pro-spin fin attached to the model. A
comparison of results of the seaplane and landplane tests (with
pro-spin fin attached) indicated that the recovery characteristics
of the seaplane are somewhat better than the recovery character-
istics of the landplane. 	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



Areas (kd/,rca%)
Mod / //0 sq ft
Mode 97 ,rq/'t
Mod 3 HO aq fd

rudde/

T. L.
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SPINDATA OBTAINED WITA THE	 SCALE MODEL OF THE XS02U-1 AIRPLANE USING A PRO-SPIN FIN

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erects ins

Errect or mass variation and e.g. move-
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1 —SCALE MODEL OF THE CURT ISS WRIGHT XSC-1 LA.NDPLANE AND SEAPLANE
16
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Mode/ as tested.
Model as tested.

Dimensional Data
` NATIONAL ADVISOR'

(Full Scale) COMMITTEE FOR AERONAUT

(Dimensions are the same for landplane and seaplane
except where noted)

b, ft	 .	 e	 e .	 e e	 41.00 Sr, sq ft e e .	 .	 .	 e	 e e e	 18.75

L, ft S r, deg e w e a	 e	 e	 e.. 30 R, 30 L
Landplane e. e. e e	 e i	 31021 be' deg e.	 a e	 e	 e.	 e. 30 U, 20 D
seaplane	 e	 . . .	 . .	 e e	 36.38

c,	 in	 e	 .	 e	 e	 .	 e	 .	 e e	 e .	 81 .61 s a, deg . 23 U, 17 D

S,	 sq ft •	 e	 e	 e	 e	 e	 e e	 e e 281957 S f, deg e. e e	 e..	 e e.	 e	 e	 50 D
A..	 e	 e	 e.	 e..	 e e	 e e	 5.97 TDFF
L.Ee c aft L.E. Cr, in e e	 1.02 Landglane • e	 e	 e	 e	 e e	 278 x 10-6
3h, sq ft	 ..	 e	 e	 e	 e e	 e e	 51.95 Seaplane	 e e	 e	 e	 e	 e e	 291 x 10-6

Se ,	 sq £t	 .	 .	 .	 e	 .	 e .	 e e	 22 9 95 Landing gear

Sv, sq ft	 e	 e	 a	 e	 e	 e e	 e. 30 a 93 Landplane . e	 e	 e	 .	 e Fixed
Seaplane	 . e	 e	 e	 e	 e Single float
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W, lb	 • • .	 7350
a/à 	• • •	 •	 0.231
zA . • . . • . . . . . . . 0.091
IX, slug-ft2 	•	 .	 4767
IY ,slug-ft2 	•	 8007

IZ , slug-ft2 . . . . . . 11,729
Test altitude, ft . • . . 18,000
µ (at sea level) • . . . . 8.33
W (18 ,000 ft) • . . . . . 14.55

Ix - TY . • . . • • • -84 X 10~4
Mb 

	

IY - 
IZ . . • . .	 -99 x 10'4

mb2

	

Z - Ix • • . • •	 183 x 10-4
mb2

NATIONAL ADVISORY
(Seaplane)	 COMMITTEE FOR AERONAUTICS

Loadings

Normal	 Flight
	

Normal	 Flight

W, lb ,• . . . . • . 7625	 8674
xq	 .	 .	 •	 .	 .	 .	 . • 0.213 0.180
z o	 .	 .	 .	 .	 .	 .	 . . 0.148 0.210
Ix, slug-ft 2	 • . •	 6739 7740

ly, slugs-ft 2 	. . •	 9206 10,917
IZ , slug-ft2 	. • lx,945 14,557

Test altitude, ft 18,000 18,000
µ (at sea level) .	 8.64 9.81
µt (18 0000 ft)	 . . 15.00 17.22

• -62 x 10-4 -70 x 10'4
Mb2

ly- I.^ Z • -94 x 10-4 -80 a 10-4
mb2

IZ Ix • 156 x 10-4 150 x 10-4
mb2
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Resume of Model Test Results

For the seaplane model in the normal loading, clean condition,
with the wing slots closed, the model recovered in one and one-half
turns or less from all elevator up and elevator-neutral spins by
rapid full reversal of both the air and water rudders. Recovery by
rapid full reversal of the air rudder alone was slightly slower.

Fstending the mass along the wings (cog and ATZ - 0.20 IX)
or along the fuselage (AT, and AT Z - 0.20Iy) had no appreciable
effect on the recovery characteristics of the model.

With the center of gravity moved rearward 0.10c, recoveries
from elevator-down spina were retarded whereas there was no apparent
effect on the recoveries from elevator-up or elevator-neutral spins.

In the landing condition (slots open, flaps 50 0 down), recoveries
by reversal of the air and water rudders were generally unsatisfactory.

For the normal loading condition with the wing slots open,
recoveries were generally satisfactory. Occasionally, a flat-type
spin from which recovery was unsatisfactory Would be obtained when
the elevator was down and the ailerons neutral. With the slot on
the outboard wing fully opened and the slot on the inboard wing
closed, recovery by reversal of the air and water rudders was unsatis-
factory from all control settings. With the slot positions reversed,
the model would not spin for any control settings.

For the flight loading condition with the slots open, the
seaplane model recovered satisfactorily when the elevator was up and
the ailerons neutral. With the elevators full down, two types of
spin were obtained. Recovery from the flat-t"a spin was unsatis-
factory whereas recovery Pram the steeper spin was marginal. The
slots had little effect if both slots were open symmetrically. If
the slot on the outboard wing were opened more than the slots on the
Inboard wing, recoveries were retarded.

The addition of a dorsal fin and keel strip (modification 1)
had little effect on the recovery characteristics of the model.

The addition of a ventral fin and rudder extension (moditl-
cation 2) prevented the flat type elevator-down spi% and recovery
from the spin obtained was satisfactory. The addition of a larger
ventral fin and rudder extension (modification 3) was slightly more
effective, however, recoveries were unsatisfactory with the outboard
slot opened more than the inboard slot. 	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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The recovery characteristics of the seaplane model were satis,.
factory for all inverted spins for the normal loading, clew
condition.

The landplane model exhibited poorer spinning characteristics
than the seaplane model. In general, the recovery characteristics of
the landplane model vere marginal. When the elevator vas neutral
or down on the landplane model, aileron-a, inst settings retarded
recoveries and when the elevator was frill up, ailerono-with settings
retarded recoveries; whereas, on the seaplane model, aileron setting
had had little effect.

Test results obtained for the landplane model indicated that the
effect of slots and flaps were qualitatively the same as those for
the seaplane. For the landing condition (slots open, flaps 50 0 dova) ,'.
the recovery characteristics were unsatisfactory. The addition of a
ventral fin and rudder extension (modification 4) to the model enabled'
satisfactory recoveries to be obtained from all spins for the landing
condition (data not presented).	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITR THE	 SCALE MODEL OF THE cuRTISS-WRIOHT xSC-1 SEAPLANE AND LANDPLANE

Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Seaplane, normal loading water rudder Seaplane

Seaplane, normal loading free; recoveries attempted by rapid
Alx	 and	 AIZ = 0.2OIX,.reversal of air rudder only

Ailerons Against Neutral With Against Neutral With Against neutral With

Elevator U N D U N D U N D U N D U N D U N D U N D U N D U N D
(a) (a) a) (a) (a) (a) (a) (a} a) (a)'.

20
a, deg 31 30 36 42 29 47 32 21 --- 24 38 34 42 38 34 40 39 19 49 28 28 45 29

'
4047

52 40

^, deg 8u 14u 15u 3u 5u 9u 5D 4D ,-- 9II 8u 9u zc 4II 3u 5D 3u 4u 5u 6u llu 2u 4u 150
40

3D o
l0D 9D

n, rps 0.33 0.5 0.520-35D.62 0.64 0.36 o.69 o.69 0.37 0.840-53o.36 0.44)-370-40 0.59 0-97k3610-50 0.610.3 0.50 10-76 0.35 0.4 .62

V, fps 208 193 192
231

202 234 224 219 206 08 219 08 08 219 219 29 193 213 213 18 219 2z7 202 187 205
234

18 7

3 1 1 12 12 14 1 12 2 12 22 1 1 1 1 14 14 1 12 2 2
Turns 1;

14 14 14
4

for
recovery 2

1 124 12

Seaplane, Seaplane, Seaplane,
AIY	and	 AIZ = 0.20Iy, e.g. moved back	 0.10c, landing condition,

normal loading

Ailerons Against Neutral With Against Neutral Aith Against Neutral With

Elevator U
e

D
s

U
s

D U
a

D
a

II
a

N
a

D
e

U
a

N
a

D U
a

N
s

D
s

U N D U N D U N D

a, deg 34 36 41
44

37 14
45

32 37 38 32
43

38 33 27
56 58 56 56 55 53 57 49 53 

47 48 51
50 ^3

45 59 52 50 55 49 45

4U 5U 313 6D 5D llu 4U 3U 8u 1D 5U 9uden 4U
IOU 4U 6D 6D 4D 8D 6D 6D 12D 9D 8D

18U 19U 4D 18D 13D 24U 22U 12D 9D 11D 5D 9D

f; rps 0.30 0.42 0.30 0.40 0.32 3.59 0.22 0.37 0.38 0.30 0.41 0.44 0.29 0.35 0:55 -42 0.48 0.46 0.12 0.48 a.4 0.42 0.45 0.50

V, fps 219 202 200 184 202 330 229 213 198 182 193 162 202 208 202 157 147 147 154 --- 15 1 154 147 154

Turns 1 1j-} 14 14 14
14

4
12 2 1 14 b22 3 2a j 22 24 22 3 b2

for
recover y- 22

FSeaplane,

>3 b32 34 23 b3 24

Seaplane, s o n left wing full Seaplane, slots on left wing completely
slots open, n right wing eom- closed, slots on right wing full open,

normal loading d, normal loading normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator
U D U D D U D U D' U N D U D U N D U N D U N D
(a) (a) (c) (c) (a) (a)

a, deg 56 50 58 65 48 6o 42 73 70 74 73 69 68 68
N

0
s
p

1

---
N
0
s
p

i

N

0
s
p

1

N
0
s
p

1

N
0
s
p

1

L3
0
a
p

1

N
0
s
p

i

A deg 3D 11) 9D 2D 4D 9D 15D 5D 5D 8D 5D 7D 13D 7D
--_ --

C4 rps 0.33 0.39 0.35 0.54 0.42 0.32 0.40 .58 0.57 0.56 0.59 o.60 0.51 0.57
-- ---

V, fps 162 171 167 141 176 164 176 142 137 144 137 137 154 137 -- ---

Turns
1 14 12 51 1 2 11 00 OD 00 00 00 oo 8for 4 4 n n n n n n n

recovery
14 112 (b

NATIONAL ADVISORY
a Oscillatory spin; where range of values 3s not given, average value is presented. COMMITTEE FOR AEROMAUTICS
bVisual observation.

cTwo types of spin.
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SPIN DATA OBTAINED WITH THE n-SCALE MODEL OF THE CURTISS-WRIGHT XSC-1 LANDPLANE AND SEAPLANE - Continued

[Unless otherwise indicated, steady-spin data are for rudder-with apin g of model in the clean
condition and recoveries were attempted from right erect spins]

Flight loading,
ailerons neutral Flight loading, modification 1, ailerons neutral

Slots
Rt. Open Open 4 open l Open 3 open l open open Closed

Lt. Open Open 4 open 2 open open open 4 open Closed

Elevator U U D D D	 I D U U D D U D D U D D U D U D U D D U D D
(d) (ed) (ed) (c) (c) (d) f(d) (ed) (ed) (d} (ed) (c d) (d) (cd) (ed (d) (d) (d) (d) (d) (cd) (ed) (d) (Rd). (ed)

a, deg 47 51 64 47 60 1 48 45 45 63 41 49 60 39 44164 1	 43 48 69 511 67 53 66 42 40 63 36

01 deg 1U 4D 4D 3D 3D 1 0 4D 5D 4D 2D 1D 2D 2D 3D 2D 1D 5D 2D 10D. ED 5D 4D 4D 2D 0 SU

n, rps 0.42 0.43 0.68 0.58 0.5 0.50 0. 0. 0.5 0.5 0.4 0.5 0. 0. 3E 0. 5E 0.53 0.42 0.5E 0.4 0.5E 06 42 0.54 0.50 0.400.5 0.
V,fpa 194 187 153 187 159 182 211 236 159 205 188 153 205 211 --- 205 188 147 182 153 187 150 205 223 161 217

14 it 12 4 14 2Turn s
for 13

4
2 51

4 412 214 ell2 2 sl4 2 11 53 2 2 3l. 9 13 Sl 2 112
1

4'E
13

recovery
22 1

e2
5 2

4 4
84

2 4 4 4

Flight loading, Flight loading, Normal loadin
e.g. moved Seaplane, inverted spins, normal loadingmodification 2 modification 3 back 0.03c

Rt. Open 1 open Closed Open 1 open Open
Slots Ailerons Against Neutral With

Lt. Open Open Closed Open Open Open

Elevator D U D D D U D D V D D Elevator II N D II N D II N D_ (d) (d} (d) (d) (d) (d) (ed) (ed) (c) (c)

a, deg 44 59 65 39 47 64 62 47 49 85 51 ¢' deg N
o

N
0

N
0

45 N

0
N
0

49 44 50

0, deg 4D SU 4D 7D 7D 6D 5D 2D 4D 0, deg 3D 4D 6D 2D

n, rps a a s 0.37 s aC.71

t174147

0.54 0.50 0.53 --- 0.37 0.54 0.46p, rps 0.42 0.44 0.46
p P P P p

205  223 205 182 159 188 182 141 187 V, fps 202 176 187 187V, fps i
n

i
n

i
n

1
n

1
n

Tfors 13
1 6

Ll ll 31

1

2l 11 53 11 Tfors 1

-

1 1 1
recover 4 4 2 2 2

4
2 2 4 2 recovery 242

-aOscillatory spin, where range of values is
Landplane, normal loading not given, average value is presented.

CTwo types of spin.
dRudder throw 3250

Ailerons
Against

Neutral
With egecovery was attempted by reversing rudder

Full 1 1

_

Full
from 250 with the spin to 16 0 against

3 the spin.
fAfter recovery, model made a short glide am

20OUElevator U N D U U N D 20OU U U, N D entered a spin in the opposite direction.

deg gRecovery ottempted byoreversing the rudder44 58 53 44 45 38 37a, --- 38 --- 44 29 2l from 30	 with to 20	 against the spin.
hRecovery attempted before model reached

final steep attitude.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

deg
!-

3U lU 2U 0 --- 2D 0 lU 5D - 7D 10D 3D

n, rps .40 0.50 0.50 0.42 --- 0.41 0.53 0.54 0.48 --- 0.41 0.58 0.79

V, fps	 1 190 162 167 187 -- 193 192

T22

182

1
 2

197

g>2 1

---

---

197

X21

270

1h1 1

250

11
Turns
for 13 f31 33 g21 --

recovery 4 4 4 2 3 4 4 4 4
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SPIN DATA OBTAINED WITH THE 1 SCALE MODEL OF THE CURTISS-WRIGHT XSC-1 SEAPLANE AND LANDPLANE - Concluded

[Unless otherwise indicated-, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Landplane, normal loading, left spins Landplane, landing condition normal loading,

Against With

Ailerons Neutral
I

Against Neutral With1 1Full 3 Full

Elevator U N D 2Jo U 20P U U N D 200 U U N D D U N D U N D U N Dc) c (c) a

a, deg 24 64 64 5 6 24 --- 55 58 26 36 52 21 46 59 68 68 54 60 58 57 49 6J

deg 2U 2U lU lU 3D ---- 0 0 8D 13D 2D 4D 3D 5D 1D 1D 12D 6D 5D ?7D 13D 8L

11,	 rps 7.47 0.54 0 .55 --- --' 1 0.46 0.50 0.4810-49 0.44 0.4810-75 0.52 0. 0 -521 0 .52 0.42 0.48 0.48 0.47 0.47 0.45
V, fps 250 147 157 176 261 257 162' 162 257 234 171 290 176 157 146 142 1 57 146 151 171 1 157 -146

Turns
f3

4 5^ g24
g4

4 g141 1 J1
11

>7Z 00 00 3z 7
l 3^for 3 54 14

recovery

622 J24
J2

42

Landplane, slots on left wing, Landplane, slots on left
Landplane, slots open, normal loading full open, slots on right wing wing completely closed,

completely closed, normal slots on right wing full
loading open, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator
U N D U N D

^ U
N 'D U N U N D U N U N U N U N

(a )

n 	 deg 50 56 54 43 50 1	 49 45 43 4 --- o 73 --- 6 ---
N

a

s

P

.--
N

0

s

P

N

0

s

P

N

0

s

P

---
^, deg 1D 0 o 6D 4D 5D 9D IOD 7D 2D --- 2D

fl, rps 0.50 0.53 0.56 0.49 0.53 0.57 0.49 0.56 0 -591 0 -57 --- 0.52 0.58 --' 0.50 --- ---

V, fps 171 157 157 187 167 157 197 167 157 151 --- 157 144 --- 158 --- --- ---

41 341 4 3 12 24 4 Co --- co Oo --- --- ---24 34
44

co ---

Turns I i i i

for 34 243 n n n nrecovery

1
4 2 5

Landplane, inverted spins, normal
Landplane,
modification 4, aOscillatory spin; where range of values is not

loading normal ading £Sven average value is presented.

°Two types of spin.
Ailerons Against Neutral With Against Neutral (After recovery, model made a short glide and

entered a spin in the opposite direction.

gRecovery attempted by reversing the rudder from
300 with to 20	 against the spin.

Elevator U N D U N D U ,N D U D U D

a, deg
N

o

s

p

1

N

0

s

p

1

N

0

s

P
1

4o 4o 38 47 49 43 47 57 45 "' igteeper spin also obtainable.
JUpon recovery, model enters right inverted spin.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

0, deg 1D 1D 1D 2D 2D 2D 6D 1D 9D ---

A rps 0.46 0.51 0.56 0.46 0.55 0.55 0.36 0.43 o.44 ---

V, fps 202 202 202 197 182 176 166 166 177 ---

Turns 1
2

1
2 } 1} 4 12 24 12 ---

recovery n n n
2

Modification /- Large dorsal fin and keel strip
2 - Large dorsal fin, keel strip and ventral fin

with rudder extension No 1.
3-Large dorsal fin, Keel strip and ventral fin

with rudder extension No L

i
Origins/ dorsal fin 	 Areas (Full scale)

a = 1.87 sq. ft.
Large dorsal fin	 b = 2.09 sq. ft.

a*c -4.62 sq. ft.
i	 b- d = 3.62 sq. ft.

Modification 4
Ventral fin ow rudaer extension
(Dimensions full scab

T.L. --

3.52"
1+5650"	 8.60"

Keel



Tinge

37.31" 

F;)^—

 /5a	 ---•.^

r-57Vs W
4.38'"

3.[84"

4.20"

T.L.	 _

8"	 ¢ rudder hinge
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16-" CALE MODEL OF THE BELLANCA XSE-1 AIRPLANE

Dimensional Data

(Full Scale)

b, ft . e . • . . . . . . . 49 .75

L, ft . . . . . . . . . . . 28.80
Z; in. . . . . . . . . . . 60.00
8, sq ft . . . . . . . . 356.00
A ............. 8.35
Sh, sq ft . . . . . • . . . 49.40
Se , sq ft . . . . . . . . . 21e20
Sv, sq ft . . . . . . . . . 24.55
Sr, sq ft . . . .	 . . . 13.30
Sr, deg . . . . .	 30 R, 30 L

be, deg . . . . .	 30 U, 30 D
ba, deg . . .	 .	 . 25 U, 25 D

TDPF . . . . . . . . . 18 x 10-6
Landing gear . . . . . . . Fixed

Mode/ as tested.

CO:.I risan of cabin fuse/age and open cockpit
tuse%ge os tested an the x3f / oirp/one

i

v

Mass Data

Normal Loading

W, lb . . . . . . . . . . . 6320
30

.
. . . . . . . . . . . . 0.350

Yeti . . . . . . . . . . . -o.:J75
Ix, slug-ft2 . . . . . . . 7270
IY, slug-ft2 . . . . . . . 7108
IZ , slug-ft2 . . . . • . 11,830

Test altitude, ft . . . • . 6000
µ (at sea level) . . . . . 4.66

(600o ft) .	 .	 . . . 5.58

IX 
2Iy . .
	 . . . . 3 x 10-

4
mb

IY -2I2	
.	 .	 -97 x 10-^+

mb
I Z - IX

	 .. 94 x 10-4
mb2

NATIONAL ADVISORY

CONNITTEE FOR AERONAUTICS
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Resume of Model Test Results

In the normal loading ,, the spin was violently oscillatory and
irregular and accordingly, tests were made with the loading
modified somewhat to permit testing in the tunnel. Mass was
retracted along the wing (ATX and ATZ = -0.20 Iy) and extended

along the fuselage Wy and 61Z = 0.20 Iy). The spin although

fairly steep was still oscillatory when the elevator was full up.
With the elevator only 10 0 up, neutral, or down, the spin was fairly,''
steady and recovery was satisfactory by rapid full rudder reversal.

Various combinations of mass changes were tested for the
elevator-down, aileron-neutral spin and, in general, indicated
little effect. 	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE .l -SCALE MODEL OF THE BELLANCA XSE-1 AIRPLANE
16

(Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the
clean condition and recoveries were attempted by rapid full rudder reversal from right erect
spine.]

AIX and DIZ
-0.20IX ,

LIX and LIZ =-0.20 I X ,	 LIy and LIZ	 =	 0.20 Iy, cabin fuselage
AIy and AIZ =

0.20Iy ,
open cockpit

fusels e
Against With

25°U 20°U 15°U ld°U 5°U 0 0 5°U 5°U 10°Ailerons Neutral Neutral
25°D 20°D 15°D 10°D 5°D FTO5°D l0°D 5°D 0

50D 10°D

Elevator D D D D D D D D D D a 10°U N D D
b

10°U N D

a, deg 43 42 42 43 41 42 43 40 39 39 35 36 35 39 37 34 34 36 40

0, deg 11U 13U 13U 11U llU 1u 6U 12U 11U IOU 5D 3D lU 8U 7U 3D 5U 5U 11U

0, rps 0.4410-43 0.44 0.4510-45 0.45 0.45 o.45 0.46 0.46 0.33 0.40 0.43 0.45 0.48 0.50 0.4010-42 0.45

V, fps 134 139 136 136 141 135 137 13U 141 142 160 158 154 1 1441 144 151 154 151 140
1

12 3 14 lZ l2 2
Turns
for 2 21 2 21 2 --- --- --- --- 2 11

2
11 c

>4recovery
II

4 l 4 21
4 2

1 4
24 >7 12 c

od

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS 

LIX and LIZ = -0.20 IX , LIy and LIZ = 0.40 Iy

Cabin fuselage
a0acillatory spin.

Against With bSpin oscillatory in roll.
°Recovery attempted by neutralisinI

Ailerons 20°U 15°U 10°U 5°U 150U 5oU Neutral 5°U 100 rudder.
dTwo200D 150D 10 0D 50D 100D 100D 5o n 100 types of spin.
aRecovery attempted by simultaneou,

reversal of rudder from with t4D D D D DElevator D D D D d d (d) (d) U D D (b) full against and elevator from
300 down to 200 up.

a,	 deg 45 45 46 42 47 1 44 58 43 ---- 41 37 34

0, deg 1lU 12U 12U 8U IOU 11U IOU 9U --- 7U lU 2D

ros 0.40 0.41 0.41 0.41 0.41 0.41 0.41 0.41 ---- 0.42 0-44,0-46

V, fns 138 138 136 141 124 139 123 140 ---- 146 148 155

O° 4
Turns
for

recovery
----

e12 ^
--- --- --- ---- ---- 1

31
---- ----

4
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Dimensional Data

(Full Scale)

S•

494^^

if e,

b,	 ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 . 42. 00
L,	 ft	 .	 .	 .	 .	 .	 . .	 .	 .	 28.00
T,	 in.	 ...	 . ..75.19
S,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 248.30
A .. . .
	
........ 7.10

L.E. c aft L.E. cr , in.	 .	 .	 14.81
Sh,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 . 40.20
Se,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 20.30
Sv,	 sq ft	 .	 .	 .	 .	 . .	 .	 .	 .	 19.03
Sr ,	 sq ft .	 .	 .	 .	 . .	 .	 .	 .	 13.57
Sr,	 deg	 .	 .	 .	 .	 .	 . .	 30 R, 30 L

be,	 deg.	 .	 .	 .	 .	 . .	 30 U, 20D

ba,	 deg	 .	 .	 .	 .	 . 30.5 U,	 16.5 D
6f ,	 deg	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 60 D
TDPF	 .	 .	 .	 .	 . .	 244 x 10 -6
banding gear	 .	 . . .	 .	 .	 .	 Fixed

0

S"
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16 -6CALE MODEL OF THE NORTH AMERICAN BT-9

incidence

W, _lb . . . . . . . . . . . 4296
x/c . . . . . . . . . .	 0.248
z/c . . .	 . . . . . . . . 0.109
IX, slug-ft2 . .	 . .	 2621
IY, slug-ft2 . . . . . . 3715
I Z, slug-ft2 . . . . . . . 5613
Test altitude, ft . . . . . 7000
µ (at sea level) . . . . . 5.38
µ' (7000 ft) . . . . . . . 6.65

Mode/ as tested.
NATIONAL ADVISOR!

COMMITTEE FOR AERONAUTIC:

Ix - Iq . . . . .	 -46, x 10-4
mb2

Iy - 
IZ .	 . .	 . -81 x 10-4

mb2
IZ - 

IX . . . . . . . 127 x 10 -4
mb2

Mass Data

Normal Loading
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Resume of Model Test Results

For the normal loading, clean condition, recoveries of the
model were satisfactory for all control configurations by either
rapid full rudder reversal or by simultaneous reversal of rudder
and elevator.

Extending the mass along the wings (AIX and ,lIZ = 0.20 IX

and 0.40 IX) or retracting the mass along the fuselage (AIy and

AT  = -0.10 Iy) had little effect on the recovery characteristics

of the model.

With the mass extended along the fuselage (AIy and [aIZ = 0.40 Iy)

and with the center of gravity moved back 0.036 from its normal
position satisfactory recoveries could not be obtained by either
rapid full rudder reversal or by simultaneous reversal of the elevator
and rudder if the ailerons were set against the spin or if the
ailerons were neutral with the elevator neutral or down. When
the ailerons were set with the spin the model spun with a high rate
of descent.

The addition of a modified rudder (see sketch) had a slight
beneficial effect on the recovery characteristics of the model but
was not entirely satisfactory.

Results, not presented, indicated that the most satisfactory
location for additional vertical area for the improvement of the
recovery characteristics of the model was in the vicinity of the
tail wheel. Area added at the intersection of the fuselage and the
leading edge of the vertical tail had a detrimental effect on the
recovery characteristics of the model. 	

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 16-SCALE MODEL OF THE NORTH AMERICAN BT-9 AIRPLANE

[Unless otherwise indicated steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Effect of mass variation and e.g.
movements on turns for recovery

Normal loading
Ailerons Neutral

Against With Elevator N D '

Ailerons Neutralo o AIX and AI	 = 0.2OIX No spin
Full 15 u

11.70D
15 u

11.7°D
Full AIX and AI	 ='0.40 IX No spin

AIy and AI Z = 0.20 IY d2 1 22
Elevator II N D N D II 10° N D N D N D

diy and AI Z = 0.40 IY d31
41(a) (b) (b) (o) (c)

CL, deg N

°

s

i
n

N

o

s

i
n

- 37 - - 29 34 36 24 - 29 - AIY and AI Z = -0.101Y

e.g. moved forward 0.07E
No spin

0, deg - 13U - - 13U 13U 13U 3II - 2U -

f2,	 rps - •5 6 - - .56 0.58 0.61 0 -711 10.621 - Aly and AIZ = _O.lOIy
c.g. moved forward 0.04E

- 11

4V, fps - 143 - - 155 148 139 170 - 167 _

e.g. moved back 0.037 de 11
2Turns 3 dl 1 14 - 1 1 11

2
41 114 d 1 14 1 efor

recovery
4

dl
d12 12

e.g. raised 0.03E 1

dele.g. lowered 0.037 -

AI Y and AI Z = 0.40ly
ffsot of flap
ettings for aileron- Modified rudder

AI	 and AI = der
e.g. moved back 0.03F

eutral spins.
Iy and AI Z = 0.40I Y

Y	 ZY
e.g. moved back

moved back 0.0 c 0.037

Against With
Ailerons Flaps 5°D 0°D 5°D 0°D Ailerons NeutralFull 1157oD

09 Full

Elevator N D N D D f P Elevator N NE levatorN 1(5b°)II 10°U N DN

a, deg 47 - 52 - - - - a, deg 45 46 46 47 a , deg - 43 - 47
0, deg 7u - Su -

Vdil

 - - - #, d eg 3^7 4u 3u 3U X, deg - 4u - 4U
Q, rps .43 - •49 -  - - - n, rps -43 •43 O-4?_ .4o n, rps - .42 - 0.46
V, fps 134 - 12 - - - - V, fps 138 1 12 12 V	 fps 6 1

Turns
for

d 14t 5
d 1
641

1
64 - - -

Turns d 122 d2'Z d3 1 d
4

Turns d
for 4 4

for
for di

4 j4 32
recovery recovery d3 d32

Steep spiral glide. 	 NATIONAL ADVISORY	 eModel wandered before recovery was
bWandering spin.	 COMMITTEE FOR AERONAUTICS 	 attempted.
coscillatory spin	 £Wandering spin with high vertical velocity.
Recovery attempted by simultaneous reversal of rudder	 9M3del with tail wheel attached.from full with to full against the spin with elevator
movement from initial position to full down.

Relative effectiveness of addltional vertical area
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16 SCALE MODEL OF THE NORTH A3MICAN BT-9A AIRPLANE

Dimensional Data	 97s"--j

(Fall Scale)	 7 7"

b, ft • . • • • • • . • . . 142 .00	 Lt elev. hinge-1 Z31 T	
9 flap hinge4./8"

L, ft . . . . . • . . . . . `28.00	 f►5.65"+5.60"	 98" .78" /.//"
c, in.	 . . . . . . . • . . 75.19	 I	 _	 -	

'

	 "

S, sq ft . . . . . . . • 248-30 	 2.75

A . . • . . . • . . . . . . 7.10	 aileron
L. Ei' . Tapf^t L. E. cr, in • • • 14.8]/1	 hinge 3.08	 /2.8°
Sh, sq ft •	 s	 . • . 10.20
Se, aq ft o • • . • . s . . 18* 99	 31.50"

Sv, sq ft . . . . . . . . . 19.03
Sr, eq ft . .	 . .	 `13.80
8r, deg . .	 30 R 9 30 L
be, deg • .	 •	 30 II, 20 D	 5..84'
8a, deg • . . • . 30.5 II, 1695 D

8f, deg . • . . •	 . . .	 .60 D	 it rudder hinge 

TDPF	 . .	 .	 330 X 10-6 	 5/"	 /2.87/°	
4.40"

Landing gear . . . . . . . Fixed	 _ 	
4.s8°

-2 ° incidence
/9.78"

Mass Data
	 Model as tested.

Normal Loading

W, lb . . . 9 . . . . • . . 4614
xr . . . . . . . . . . . . 0.2'15
8/a.. • .........0.101
ia, s lug-ft2 . . . . . . . 2676
IY, slug-ft2 . . . . . . . 4002
Ig, slug--ft2 . . . . .. . 5935
Test altitude, ft . . . . . 7000
µ (at sea level) . . . . . 5.38
li t (7000 ft) . . . . . . . 6. 65

'°	 —

	

IX	 '^ .	 .	 -52 X 1a 4

mb2
w

Imo°-- Z. . . . e e o -771 x la- "

mb2

	

Z	 I .
	 129 X 10 4

mb2
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Re°some of Model Test Results

For the normal loading, clean condition satisfactory recoveries
were obtained by either rapid full rudder reversal or by sinultaneous
reversal of the elevator and rudder.

Moving the center of gravity forward 0.0356 or lowering the
flaps either 300 or 600 had little effect upon the recovery character-
istics of the model.

Increasing the rudder deflection 50 with the spin or increasing
the deflection 50 or decreasing it 50 or 100 against the spin had
no appreciable effect on the recovery characteristics of the model.

With the mass extended along the fuselage (pZY and % = O-W Iy)
satisfactory recoveries could not be obtained from the elevator-down
spins.

In order to improve the recovery --haracteristics of the model
when the mass was extended along the fuselaga 01-SIy and 61Z = 0.40 Iy) ,
various modifications (modifications 1 to 14) were made to the tail
surfaces of the model. Test results indicate that decreasing the
elevator area (modification 14) or removing it (modification_ I_^ )

had a favorable effect on the recovery characteristics of the model.

NATIONAL ADVISORY
COMNITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE i-SCALE MODEL OF THE NORTH AMERICAN BT-9A AIRPLANE

rUnless otherwise indicated, steady spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins .3

Effect of e.g. moved forward 0.0355 on
Normal loadingg turps for recovery, normal loading

Against Against With

Ailerons Neutral Ailerons NeutralFull 150U,	 120D Full 15ou 1500
120D 120D Full

Elevator
N D N N D D 15OU 10OU o II N D D

Elevator D N Ia ab a b N D N D D D

a, deg 36 138 40 38 44 J39 ---- 35 32 35 37 39

Turns
1t 1I

l

1
hl

hlj

1
12

fd, deg 120 U 13U 12U 12U 11 ---- 9U 9II 9II 12U 11II

0.5810.rps 55 55 455 0.56 456 ---- 0.54 0.54 0.Y 0.58 0. 58 for
^

1 CL414 17
l2

3
V	 fps 146 13 148 146 1 1381----115 6 1

recover y girl,
4

4
13

414

4

Turns
--- --- --- --- -- for --- ---- -

118
1^

1^ 11
dl dl 2

recovery 13 13 2

Effect of flaps Effect of ..iodifications on turnn for recovery for aileron neutral spins,

on turns for AI	 and AIZ = 0.4u Iy	 (Rudder reversal frog, 350 with to- 350 against)

Elevator 10 U D Elevator 10°0 D Elevator Drecovery, normal
loading

Original 1.2 3 Modification Modification

Flaps 300 600 Modification 6 12 21 9
22

i 3 23
4 and -- 2 10 2

2
2 22

2

Elevator D D D D 1

rF

3

7 --
2

11 k1

Turns
g3

3
1

1
12for 1

^- ^-
4

4 5recovery 4 22 7 and 8 -- 13

5 17 14
2

1	 3
8 _- 2

aWandering spin,bo
Initial rudder setting 35

aSteep, wandering spin.
Recovery attempted by simultaneous reversal of rudder and elevator.

(Recovery attempted by reversing the rudder from 35 0 with the spin to 250 ag ainst the spin.
Recovery attempted by reversing the rudder from 35 with the spin to 20 against the spin.

hRecovery attempted by reversing the rudder from 'g00 with the spin to 25 0 against the spin.
Recovery attempted by reversal of rudder from 30 with the spin to 200 against the spin.

i Recovery attempted by riving rudder from 30 0 with the spin to neutral.	
NATIONAL ADVISORY)Before recovery was attempted the spin was steep and-wandering,

kElevator removed from model.	 COMNITTEE FOR AERONAUTICS
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Mod///cat2svr / tif6dification Z
PW/orX full ,'tale)

AA—Wir'n,.f.:... i' iP is --.	 -
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AlOa%/°leat%OY/ 3
3.68	 ^SZ

{	 (DivnenJ^bar full rca/e^

i
S,

0ngina/ to shape

Modification 4

Elliptical end plate

Area f/ -Area .f,7, t Area r

Modification 5	 (0/1"011J/0H 4111 JCa/e)

Chord Mle

2ef. line

To extend ),I.W center sectlon of w/ng
from fareloge to outboard wing pane,(r

Mod/ffcations 7, 8, 9, and /O

"odr),ication 6

1 2/n	

(0/rnenr1i9n,r full Jca/e)

e%v. hinge

Tod. //: Original tail with
elevators removed

0d.12:Mod.1/p/1's addit/ond
stabilizer area, A.

2d./3:Mod. 42 frith e/ewtors
replaced.

iod 14: Or/gina/ tail with
area B, removed
from elevators.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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16 SCALE MODEL OF THE AIRCRAFT RESEARCH CORPORATION XBT-11 AIRPLANE

Dimensional Data

(Full Scale)

b,	 ft .	 .	 . .	 .	 .	 . .	 .	 . . 42.00
L,	 ft .	 .	 . .	 .	 .	 . .	 .	 . . 27.81
F',	 in.	 . .	 .	 . .	 .	 . . 75.60
S, sq ft . .	 .	 . 248.00
A.	 . . .	 . 7.11
L.E. cT aft L.E. cr, in.	 . .	 7.20
Sh,	 sq ft . .	 .	 .	 . . . 45.10
Se ,	 sq ft . .	 .	 .	 . .	 .	 . .	 17.50
Sv, sq ft . .	 •	 .	 . .	 .	 . . 20.10
Sr , sq ft . .	 .	 .	 . . 14.60
br,	 deg .	 . .	 .	 .	 . .	 35 R, 35 L
b e ,	 deg .	 . .	 .	 .	 . .	 35 U, 25 D
6a,	 deg .	 . .	 .	 .	 . .	 25 U, 25 D
ba, deg 

\2
stick

`
) . 12.5 U, 12.5 D

6 f ,	 deg \.	 . .	 . /.	 . .	 .	 . .	 60 D
TDPF	 .	 .	 . .	 .	 .	 . .	 255 x 10-6
Landing gear	 . . . .	 .	 . . Fixed

3/.50"

5°

06 

.1

rt:
L2"/mfdewe	 1,4h de,

2QB6"

Mode/ a$ tested.

Mass Data
NATIONAL ADVISORY

Normal Loading
	

COMMITTEE FOR AERONAUTICS

W, lb . . . . . . . . . . . 4400
x/'F . . . . . . . . . . . . 0.258

. . . . . . o.o61
IX, slug-ft2 . . . . . . . 2700
ly, slug-f t2 . . . . . . . 4360

IZ, slug-ft2 . . . . . . . 5900
Test altitude, ft . . . . 12,000
4 (at sea level) . . 	 . . 5.51
µ+ (12,000 ft) . . . . . . . 7.97

IX ®2Iy .
	 .	 -69 x 10-4

Mb

IYb2I.Z .	 .	 -64 x 10-4

m

I^ . .	 . . 133 x 10"4

mb
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Resume of Model Test Results

For the normal loading, clean condition, and normal.cor&ml
configuration for spinning, the model spun at an angle of attack
of 360 and recovery by rapid full rudder reversal vas satisfactory(4 tur'ns). ,Rapid recovery vas also obtained by aim' meous
reversaL of both elevator and rudder 

(2 
turn).

Recoveries were generally satisfactory when mass vas extended
along the wings Cdtg and L1tZ = 0.34 Ig), from spins of the model
in the landing condition, and frm inverted spins.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED :PITH THE -SOALE MOD5L OF THE ATfiCRAFT RESEARCH XBT-11 AIRPLANE

[Unless otherwise indicated, steady-apin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spins]

as
or.
ag

Normal loading
Effect of mass variations

on turns for recovery.Against With
Ailerons 1 Neutral

1Full +^' Full

Elevator U N D U N D U N	 I D U N D U N D Ailerons Against Neutral
(a) (a (b

a, deg 41 41 43 39 38 36 30 33 - 25 27^- 24 Elevator II N D II N D

deg 41T U 2 3II 611 3D II 2U.- U 3U - II

AI	 and AIX	 Z =	 - - - 11'Z - 11
R	 r s 0.39 .53

rj

0.38 0.54 0.56 0,40 0.58 0.661- 0.62 0.70 - - 0.74

V	 fps 160 151 162 155 149 171 177 165 - 205 184 - - 200 0.151 x11

>3jTf
urn

lg 1t lZ 1- 2 1 it - 1 1 - - 1
Recovery d>2 AIX and AI Z =	 1 No No 1 1

03 of d 1
2t

d 1
2t 0.301

Spin Spin
x cl

Landing condition, normal loafling Inverted spin, normal loading bOscillatory spin.
Velocity too high to test.

oReco very attempted
al of rudder

er and eleneoby
revers	 and	 evat

dRecovery attempted by neutra11z1:
Ailerons Against Neutral With Against Neutral With

Elevator II N D U N D II N D II D U N D II N I	 D
(a)

IN the rudder.
eTwo types of spin.
(Recovery attempted bysimultane-

(e) (e)

23 29 52' 44 31a, deg 51 46 45 29 42 19 - I N N	 N	 N
0	 0	 0

S	 ' S	 ' S
p	 I p	 1 p

N
0

S
p

N

0
S
P

ously neutralizing the elevat
and rudder.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

deg 4U 5U 6U 8 1 III 7U - 0 0 3II 3D 2D 2D

s 0.38 0.49 0.51 0.56 0.34 0.53 0.63 - S S 56 0.61
p p

40 169 129 156 151 198 173 - 1 1 1	 1	 1
n In

224 1
n

1
n

147 165 176
n n

for
Turns

j 1^ - 1n Z

>52

1T1 1
Recover

1^
-

i

f2$y

' 01^
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114-SCALE MODEL OF THE FLEETWINGS XBT-12 AIRPLANE

Dimensional Data	
/osT"	 /a2~

( Full Scale)	 i e%v. hinge
4,32`

b, ft	 .	 . .	 .	 .	 . .	 . .	 40.03
L, ft	 .	 . .	 .	 .	 . .	 . .	 29.16
c, in.	 . .	 .	 .	 . .	 . .	 75.00
S, sq ft .	 ..	 . .	 . 240.42
A . .	 .	 . .	 .	 .	 . .	 . . 6.66
L.E.7 aft L.E.cr , in. .	 .	 6.00
Sh , sq ft .	 .	 .	 . .	 . .	 42.39
Se, sq ft .	 .	 .	 . .	 . .	 16.19
Sv, sq ft .	 .	 .	 . .	 . .	 23.49
Sr, sq ft .	 . . .	 11.09
Sr, deg . .	 .	 . 35 R , 35 L
6e, deg . .	 .	 .	 . . 35 U, 25 D

ba s deg . .	 .	 .	 . . 33 U,	 17 D
6.r, deg . .	 .	 .	 . 50
TDPF	 .	 . .	 .	 .	 .

.	 . . .
262 x 10'0

Landing gear	 .	 . Conventional

fkp hinge

b ail 	 hirx>e401 .	 _L86"	
c.

5o^.c.

3 /

5.

/.5

	

/6./4"
LS —	 f s

	

/.55p	Lt rudder hinge
/.5° incidence

X4./0

Mode/ as tested.
Mass Data

Normal Loading	 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

W,	 lb	 •
X/C	 e•	 s • • .

•	 .	 4282
p

s	 •	 0.248

IX - Iy
e	 •	 •	 • —79 x 10-4

zr	 • .	 •	 0.024 mb2

IX,	 slug-ft2 	.	 .
I 1 slug-f . 2

.	 .	 2,492
4 170

Iy - IZ
. -99 x 10-4

I Z ,	 slug-ft 	 .	 . .	 .	 6,293 mb 2

Test altitude, ft .	 .	 10,000 IZ - IX 178 x 10-4µ (at sea level) .	 .	 .	 5.81
mb

2
µ,	 (10,000 ft)	 . .	 .	 .	 7.88
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Resx=4 of Model Test Results

In the clean condition, normal loading, normal control configw-
ration for spinning, the model spun at a moderate angle of attack
(a = k2o) and recoveries obtained either by rapid fall rudder
reversal or by simultaneous reversal of rudder and elevator were
satisfactory (12 and 1;turns, respectively. Setting the elevator

either at neutral or down had an adverse effect. Setting the
ailerons fully against the spin slightly improved the recovery
characteristics of the model, whereas, setting the ailerons full
with spin slightly impaired the recovery characteristics of the model.

Extending mass along the wings (AIg and All = 0.30 Tx),
extending mass along the fuselage (Aly and az - 0.30 Iy) or
moving the center of gravity forward 0.06a or back 0.036 fray
its normal. position (data not presented for center-of-gravity
changes) had no great effect upon the general recovery characteristics
of the model.

The recovery characteristics of the model in the landing
condition were similar to those in the clean condition.

Inverted spins with the model were obtained only when the
ailerons and rudder were set with the spin with the elevator set
either up or neutral. The model vould. not spin inverted with the
rudder set either neutral or against the spin (data not presented).

The installation of a wa ller vertical tall on the model (see
sketch) had no appreciable effect on the spin and recovery obarao-
teristics of the model (data not presented). NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED 'NIT$ TBE-,y--SCALE MODEL OF THE FLEETWINOS XBT-12 AIRPLANE

EUniess otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spin

Normal loading AIX and AIZ = 0.30 IX

Against I With Against

Full 14°U, 100D 140II, 10°D Full Full i4 U
loon

o' Fa11
Ailerons Neutral Neutral

Elevator II N D II N D II N D II ND ) D II N D II N D N D II N D N D U N D
s a d

a, deg 32 56 54 42 67 61 42 54 49 51 - 4h 29 6i 5T 54 -

N
0

p
i
n

N
0

p
i
n

N
0

p
i
n

N
0

p
i
n

44 57 53 -1-1 56 61 58

0, deg 5U 4II 3U 2II 3U 411 III 217 3U 7D - 0 1D 6D 4D 4D lU 2II 1 lU - -	 51) 3D 3D
A. rps o.43 o.4 0-45 0.39 0.50 O-5C 04 0. .39 D-46 o49 0.65 0 0.4 050 0430-480.49

160129 135
-•-
- 1-

0.41
139

0.49
131128

0.50
V. fps 191 128 128 168 121 121 162129 134 153 139 138 167 138 131 133

i1^
4 23Turns

for
1

°

3
14 2 11 21

2
21 bj2 13^+ 2

1
1—2 3. 312 - 11	 21

233
- -	 - 3 41

2recovery cl1 b^ b 2 c14 2	 2 4

AIy and ATZ = 0.30 Iy Landing condition, normal loading

Against With

Full i4Ou, 1(fb 14°D Full
Ailerons Neutral Against Neutral With

Elevator II N D N D U N D N D II N D U D U N D D U N D(e) (f f) (	 ) a s
a, deg - 68 60 65 62 45 61 61 - - - 60 58 - - 54 47 28 54 53	 52

0, deg 3U 4II 3U 2II 2D 0 0 - - - 5D 5D -

W

o- III 3U 3II 6D 5D	 317
- o.44 o.44 .44 •43 0.34 0.43 0.44 - - 0.43 0.44 - - 0.48 0.49 0.63 0.39

121 126 124 124 155 126 126 - - 138

0.48 0.5

180 133 133 - p	 - 121 119 158 136 129 126
1

Turns
for - 24 2 3 3 12 2t 4 - - - 24 3- - 2 n	 - 2 3 - 3	 3

recovery 1

a Tao types of spin.	 eb	 scillatory and wandering spin.Recovery   attemo tad by neutralizing the rudder. 	 p^
cRecovery attempted by simultaneous reversal of rudder and elevator. 	 Vertical velocity too high to test.

d Oscillatory spin.	 NATIONAL ADVISORY 	 gToo wandering to test completely.

OONNRTEE MA AEWM WTWS

Comparison of Original and QevAred
Vertices/ Tai/ Surfaces tested On mode/

Revised tall
i	 ^ 4	 .3w

Original tai/

/.SS"



76-SCALE MODEL OF THE VULTEE BT-13 AIRPLANE

Dimensional Data

(Full Scale)

LT,99'

\e elev ` Afge

176"
It- 	 r--80r'.7/"r.!b, ft .	 .	 .	 . .	 .	 .	 .	 e 12.00

L, ft	 e	 .	 e. e	 e..	 e 27.80
Or, in.	 .	 S	 . e	 9	 . 88.50

S, sq ft	 .	 . .	 .	 .	 . 239.00
0A. .	 e	 e	 .	 . .	 .	 .	 e	 .	 . .	 7.28

Sh p sq ft .	 . •	 .	 .	 .	 .	 . 53.08
Se , sq ft .	 . .	 .	 .	 .	 .	 . 19.15
Sv, sq ft .	 . .	 .	 .	 .	 .	 . 18.62
Sr, sq ft e	 . .	 .	 .	 . 10.68
sr , deg .	 .	 . .	 .	 .	 .	 35 R, 35 L
S e , deg .	 .	 . .	 .	 .	 .	 25 U, 25 D
Sa, deg	 •	 .	 . .	 .	 .	 .	 30 U, 12 D
8f , deg .	 .	 • .	 .	 .	 .	 .	 . .	 60 D

TDPF	 .	 .	 .	 . .	 .	 .	 .	 205 x 10-6
Landing gear .	 .	 .	 .	 .	 . . Fixed

4	 I	 L& allen^

flap ki 4w

s/so"

79

7.9/""4 PW#

rumor
hinge
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15 incidence
-za8s"

Mode/ as tested.

Mass Data
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTIC!

Normal Loading

Ilb.	 .	 .	 .	 .	 .	 .
xc	 .	 .	 .	 e	 e	 .	 eX^c

n
.	 .	 .	 .	 4227
.	 s	 .	 .	 0.291

IX - Iy
0	 .	 e	 a	 .	 e	 ®63	 x 10-4r

z/or	.	 e	 .	 .	 .	 . .	 .	 .	 .	 0.059 mb2

Ix, slug-ft2 	. 2659 -	
I	 I

-90 x 10 -4

Iy, slug-ft2	.	 .	 . •	 •	 .	 .	 4122 mb

IZ , slub ft2	 e	 . . .	 .	 .	 6201 IZ - 1 1	 x 1053	
4

Test altitude,	 ft . .	 .	 .	 10,000 mb2
µ (at sea level)	 . .	 .	 .	 .	 5.50
W	 (10,000 ft)	 . . .	 .	 .	 .	 7e46
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Resume of Model Test Results

In the clean condition, normal loading, normal control conf g*-
ration for spinning, the model spun at a moderate angle of attack
(m - x+60 ) and recovery by rapid full. rudder reversal was satisfactory
("2. turns. An alternate spin regime, in which the spin was steeper

and recovery more rapid { turn), was also obtained. The number of

turns required for recovery increased by approximately 1 turn when
recoveries were attempted by neutralizing the rudder rather than by
ccmpletely reversing the rudder. Recoveries from elevator-neutral
or elevator-&own spins, although still satisfactory, were slightly
slower than from the corresponding elevator up spins.

In general, extending the mass along the wings (AIX and
LIZ = 0.30 Ig) improved the recovery characteristics, whereas
extending the mass along the fuselage (AT-f and ATZ = 0.30 I1)
Impaired the recovery characteristics of the model when the elevator
was either neutral or dawn. Sm3l changes in the center-of-gravity
location (±5 percent root chord) from the normal position had little
effect upon recovery characteristics of the model (data not presented).

For the Sanding condition (flaps damn 600,cockpit open, and
landing gear extended) recoveries by rapid full rudder reversal were
satisfactory only from the aileron-with spins. Opening the cockpit
with the model in clean condition had no effect on the spin charac-
teristics of the model (data not presented).

Recoveries by rapid Hill rudder reversal from all inverted spins
obtained were satisfactory (data not presented).

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE TG-SCALE MODEL OF THE VULTEE BT-13 AIRPLANE.

^Unleas otherwise indicated, steady-spin data are for rudder-with spina of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins 7

Normal loading AIX and AIL = 0.30 IX

a s ith
Ailerons Neutral Against Neutral With1 1 cD	oD 1 oU	o 1

II ^'U 11 D II N D U N D - U N D U N D U N D II N D U N D
Elevator

(a) 2 (b) (£)c) (c) c) (c)

a, deg -- 44 52 53 - °° 49 50 46 1 26 45 45 24 29 34 42 31 35

0

s

i
n

N

a
i

n

34 26 28 30 47 26 42 36

deg Bu 6U 7U --- 7U 7U 3U l0II U 8 lU 3u 8U 5 1 0 12 --- 11 11U 4D lu 0 lU

n, rps -- 0.45 .50 .51 --- 0.4 0-51D.3810-450-50 0-52 0 -47 0 -560 -57 0-43 0 -5' 0-57 .5 --- o. 0.5 0.

v r s .- 1 2 1 114 --- 12 12 151 18 1 33 1 33 19 162 1 1 15 16 1 1 15 205 1 147 17 15 15

Turns 3

2 2 3
g

0t

recovery`
1

1
24

1
4 ---

z
14 2

1
lZ

t1 d3
d 1

1
114

111 2 ei1
3

14 1
1

2
 24 14 1 4

e 2 2 2

AIX and AIZ AIy and AIZ AIY and AIZ = 0.30 Iy_ -0.051x = 0.15.1Y
with

Ailerons Neutral - Neutral  Neutral
150u , 9 0D  90150U, 9 DDI Full

"U N D U N D U N D U N D N D u N D	 U N D

(c) Cc) (c) (c)
Elevator

b

a	 deg 28 0 0 46 51 51 54 62 61 56 ---- ---- 1 5 1 ---- 57 52 40 -- --	 48 42 30 43

de --- 6u 6II I n 3u 4U 513 5U 5u 4u ---- ---- lu ---- 2u 3u 5D -- --I	 5D 4D 3D ID

11	 rps --- 0. 0-52 0-39 oJI4 0.4E 0.39 0.45 0.47 0.38 ---- ---- 0. 37 ---- 0.45 0. 45 0-351-- _40-35 0.48 0.46 0.5

V	 f
p
s 180.129 129 144 i25.121L 12 120 lib 13 ---- ---- 152 195 131 125 191 -- -- 158 154 184 165

Turna 3
2

1 1 12- 1 2 4 3 )}
1 3 3- 1 1. Z1	2 1` 1 2

d5 3 dO0 d0o >4 d^ do a41 X31 mrecovery 4 24 32 2

AI	 and AIZ = 0.30 I Landing condition,
Rudder neutral spins normal loading

Ailerons Against	 I Neutral With Against	 Neutral With

II N D II N D U N D U N D	 U N	 D U N	 D
Elevator

( h b b(c	 c

a	 de N
p

a

1
n

4 N

°

s

i
n

1	 °--° N

0

a

1
n

4 6	 -' 1	 50 ---- 19 	 27

0, de 5u u U u	 ---- 6U 4u U 6u	 -- U	 U --- 2U	 1D

SL, rps 0.44

1z

0.4

1

r3u

 0.46 0.55 ---- o.67 0.11.00.50 0. 1 -- 0.48 0.50 ---- 0.61 0.62

v	 fps 1	 162 ---- 18 144 118 111	 -- 120	 118 ---- 1 6	 1 1

Turn:
..

recover

aLarge radius of spin. I	 ORecovery'attempted by rapid full reversal

boscillstory and wandering spin.of rudder and elevator.

CTwo types of spin,	 (Wandering spin.	 NATIONAL ADVISORY

dRecovery attempted by neutralizing rudder. 	 93teep spin.	
COMMITTEE FOR AERONAUTICS

hoscillatory spin.
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X14 -SCALE MODEL OF THE NORTH AMICAN BT-14 AIRPLANE

Dimensional Data

(Pull Scale)

b, ft .	 .	 . . . .	 . .	 .	 . . 41.02
L, ft .	 .	 . . . •	 . .	 - .	 . 28.40
T, in.	 .	 , ti . .	 . .	 .	 . . 75.53
S, sq ft	 . . . .	 . .	 .	 . 246.22
A............ 6.83
L.E. T aft L.E. cr , in.	 . .	 .	 0
Shp sq. ft . . . .	 . .	 .	 . . 50.11
Se , sq ft . . . .	 . .	 .	 . . 21.70
Sv, sq ft . . . .	 . . . 18.68
Sr , sq ft . . . .	 • .	 . •	 13.35
ar , deg .	 . . .. . :	 35 R, 35 L
a e , deg . . . . .	 . .	 30 U, 20 D

aa, deg ®	 . . . . .	 30 U, 15 D
a f, deg •	 . . . .	 . .	 . .	 45 D
TDPF	 •	 . .. . . .	 . .	 450 x to-6
Landing gear . .	 . . . Fixed

r.,MN4°
203"

rw ref. fiqgg,T"

2
	 rndderhinge

Mode/ as tested. 	 -

Ida s s Data

Normal Loading

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

8D, 1b . . . . . . . . . . . 1.67

A/ c' . . . . . . . . . . . . 0.262
z/a... ........0 . 074
Ix, slug-ft2 . . . . . . . 27

7

4,
IY, s lug-ft2 . . . . . . . 4237
IZ , slug-ft2 . . . . . . . 5681

Test altitude, ft . . . . 10,000
g (at sea level) . . . . . 5.79
µ, (10 9 000 ft) 9 . . . 9 9 . 7.81
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Resume of Model Test Results

In general, for the clean condition, normal loading, and
normal control configuration for spinning, the model spun at a
steep attitude (a as 32 0) with a high rate of descent (175 feet
per second, approximately), and satisfactory recoveries by
rapid full rudder reversal were indicated from either the clean
or landing condition.

Extending mass along the wings or fuselage (6Ig and
AIZ = 0.30 IX or AIy and AIz = 0.30 Iy) or a center-of-
gravity movement of 0.056 indicated little effect.

Satisfactory recoveries by rudder reversal were indicated
from inverted spins, except when the controls were crossed and
the stick was forward. From this spin, simultaneous full reversal
of both rudder and elevator gave satisfactory recovery.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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1
SPIN DATA OBTAINED WITH THE 	 SCALE 'aR)DII. OS THE NORTH AMERICAN BR-14 AISLM

bu ess othersise indicated, atead ,T-spin data are for rudder -with spins of the model in the clean condition and
recoveries were attempted by rapid full rudder reversal from right erect spins]

Reoppveries attempted
trol manipulationefrom

by different
rudder-with

con-
Normal Loading spina, normal loading

Ailerons Against Neutral W1th Ailerons net I Neutral With
Full	 15°10 ,11c D 15°II	 11° D Full Elevator U IN D I U I N I D V N D

El
evator U	 N D	 U N D U N D U N D U N D Neutralizing 12 i4 >7 2$ 3 S

rudder
>4

a, de N	 40

11
S	

0 .56p

n	
150

41 N 41 43 31 37 40 35 32 33 44 28 28 Releasing

l^rei
deg IOU ° 11U 1111 2D BU 80 1610 4D 2U 710 8 1D

Cl, rp 0.57 
S
p

138 
n

0 0.46 0.57 0 .59 0.54 0.68 0 .67 4 0 0 rudder and
elevator
simultaneous

-- -- -- 112
2

-- -- -- -- --

V, fp 147 140 175 150 140 168 168 157 152 178 16

Tore 1 12 14 12 1 14 1' 12 14 14 la 1 1
reversal of
rudder and

2

__
-- --

reoovery elevator

GIX and AIZ . 0.15 I X AIX and Al  : 0 .30 IX AIY and AIZ s 0.15 IX

Ailerons Against Neutral With Against Neutral With Against Neutral With

Elevator U N D U	 I N A U N D U N D U N D U N D U N D U N D U N D
a a

a, deg N
o

N
o

N
0

33 35 34 47 37 32 N
0

N
0

N
oo

32 32 N
o

46 38 35 N - 43 32 - - 42 38 - 28
0

de

p

n

p

n

p

n

ID 6II 10 6, IOD 5D

p

n

p

n

p

n

210 6II

p

n

8D 810 6II -

p -

n-

11U 4D - 1010 24D - 3D

S2, rps 0.5 0.6 0.6 .4 0.6 0.68 0

178

47 0.61

.175

0 6 68 .53 0.44 - - 38 0.48 - 0.73
V	 fps 175 164 15 4 1 O 140 -- 175 -

Turns
for 12 1 1^ 2 1 14 1 1 2 17

3•
- 14 2t - It

recovery

AIY and AIZ . 0.30 Iy e.g. moved forward .0.05 c o.g..moved back 0.05.0

Ailerons Against Neutral With Against Neutral I	 With Against Neutral I	 With
Elevator U N	 D U N D U N	 D U N I D U N D U N D U N D U N D U

b b
a, deg N

0

S ,

34 - 1	43 31 - - 29 48 .=. 27 N
0

p

- 40 32 - 32 - 2 N
0

p

- 40 35 - - 52

deg 8II 5 - 2510 910 -	 210 991) 210 - - 23 - 2 1311 310 - - 710

rpa 0.47 - 0.48 0.38 - - 0.49 0.34 - 0.87 - 0.54 0.49 - - -	 - 0.6 - 0.54 0.42 - - 0.40

IND

168 -137 18 - - 185 143 -	 192 - 137 171 - - 16 - 140 175 - - 140n n n

Turns

T g lg 1.2 1- - 1-4 1-2for 1 -	 2 - -	 1 - 1 - - 1^ - - 2
recovery

Landing condition, AIY and AIZ = 0.30 IY, Inverted opine
normal loading flaps down 45o normal loading

Ailerons Against Neutral With Against	 Neutral With Against Neutral With

Elevator U N D II N D II N	 D U N	 D	 II N D U N D U N D U N D U N D
cd) d (^ (fe) (e) (f)

a	 de - 28 30 -1 - 1 39 -	 22 46 -	 48 - 45 - - N N
0

S

1
n

N
0

S

1
n

N
0

S

1
n

--- N N
0 0

S S

1 in n

29 22 N
0

S

1n

deg -- IOU 12D - 1 - 1 6D -	 3U 4U -	 SST - 4U - --
0

--- 8D 211

SY	 r s -- - 0.54 -- -10.41. -10.77 0.36 - 0.46 - 0.45 - _ S

233

0 52

185

>3

_

212

1
$

V	 fps -- 154 --  -	 188 143 -	 126 - 137 - "
1
n

Turns
for --- _ 3

-
t 3

- 1
1- 2^	 - 3

1^ - --- - ---

-d

3 gl
recovery

NATIONAL ADVISORY
a Two types of spin	 COMMITTEE FOR AERONAUTICS
bAilerons 2500, 158 D.
dLarge radius of spin.
Spin oscillatory in pitch.

°Vertical velocity too high to test.
9wandering spin.
Simultaneous reversal of rudder and elevator..
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SCALE MODEL OF THE FAIRCHILD XAT-13 AIRPLANE

Dimensional Data

(Full Saale)

b, ft . . . . , , , . . . . 52.50
L, ft . . .. .. . . . . . 37.58
T, in. . . . . .. . . . . 89.43
S. sq ft . ..	 .	 .	 375.00
A.,.... 7.35
Sh, sq ft..	 . .	 . . . 72.00
Se, sq ft . . . . . . . . . 93 .60
Sn, sq ft ......... 45.00
Sr, sq ft . . . . . . . . . 23. 00
6r, deg . . .... . 35 R, 35 L
6e, deg . . . . . . . 35 U, 25 D

6a, deg . . . . . . . 24 U, 12 D
6 f, deg . . . . . . . . . . 60 D

TDPF . . . . . . . . 1360 x 10-6
Landing sear . . . . . Tricycle

"

¢ e/ev.	
0.59"	 /.20"hinge /

^6.03" 4.53"	
4.045" t flap hinge

t ai/era7 hinge

- T48"

.47"	 ^_I_^ 1^, 1J X40% C.

I

5.a°
----WO' lsz"

.80„
!•»--/0.56'

T.L.

3°incidence	 rudder
/6.06"	 hinge

Mode/ as tested.

Mass Data

y,	

/ Normal Load in g

, 157 . . . . . . . . . .	 1V, 583
3/c . . . . . . . . . . . . 0.260
s/c . . . . . . . . . . . -0.095
IX, slug-ft2 . . . . . . 15,600
Iy, slug-ft2 0 . . . . 11,016
IZ, slug-ft2 . . . . . . 25,183
Test altitude, ft . . . . 200000
µ (at sea level) . . . . . 7.00
µ+ (20,000 ft) . . . . . . 13.11

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

IX - Iy	
51 x 10-

4
.....

mb
I	

.. .. . .	 -156 x 20-4
mb

IZ - IX
....... 105 x l0-4

mb2
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Resume of Model Test Results

For the normal loading, clean condition, normal control
configuration for spinning, the model spun at a steep attitude
(m = 250) and recovery by rapid full rudder reversal was satis—

factory (III: turns). Merely neutralizing the rudder gave a poor
recovery (>4 turns, whereas freeing the rudder and elevator simul-
taneously gave satisfactory recoveries (data not presented).
Rapid recoveries were obtained by reversing the elevator alone.

For the normal loading condition, the model would not spin
when the elevator was full down or when the ailerons were full
against the spin. Setting the ailerons with the spin had a
slight adverse effect upon the recovery characteristics, although
the recoveries were still satisfactory.

Extending or retracting mass along the wings (ATX and
AIZ = +0.25 Ix), extending mass along the fuselage (AI Y and
ATZ = 0.50 Iy) or moving the center of gravity forward 0.05c or

rearward 0.06c', in general, had little effect on the spin or
recovery characteristics of the model.

For the landing condition, the recoveries of the model were
slower than those for the clean condition, although still within
the satisfactory range (.1 2 turns) with the exception of a poor
recovery (>6 turns) from the aileron with elevator—up spin.

Recoveries from inverted spins were satisfactory by either
full rapid rudder reversal or by merely neutralizing the rudder.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE -SCALE MODEL OF THE FAIRCHILD XAT-13 AIRPLANE

Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins i

Turns for recovery obtained
byvarious control manipu-

Normal loading let ions for the normal AIX and AIZ = 0.25 IX
loading condition

Ailerons Against Neutral With Aileron Neutral W th Ailerons Against Neutral With

U N D U N D U N D Elevator T! D U N D U N D II N D U N D
Elevator cl

2 01-
Elevator a a a Elevator a
a, de

N

o

s
p

N

o

s
P

2

N

o

a
P

N

0

s
P

6

N

o

a

PI

reversal

N
o

a
P

N
o

s
P

N
o

a
P

a	 de

N
°
a

S

32

N
°

a

i

4

8
221

N

- °

- a

i

F(, de g - lU 2D 2D
an

remover also
rudder and
r:eutraliz
of elevator

-
3

de
- _ lU -

1, rp s - 0. 0, R, rps _ 0. _

fps 264. 216 225 V, fps r _ 260
1 l j

Turns n n 14 n n
4 I n Simultaneous n n n Turns n n n

for _ 3 elevator _ dl for - - 1

ip,

_ 11
recovery and rudder -

-
recovery 4b b b revers al 2

>4 >4 13

AIX and AIZ = -0.25 IX AIy and AIZ = 0-50 1y e.g. moved forward 0.05c

Ailerons Against Neutral With Against Neutral 'With Against Neutral With

U N D U N D U N D U N D U N D U N D U N D II N. D II N D
Elevator a (a (e (a) (a) (a) (a)

a	 ae

N

o

P
i

z

N
0

P
i

28 - 1 34'

N

0

P
i

26

N

°

P
i

36 31

N
0

P
i

f^, deg 1D - - 4D - N N	 - 0 - - 4D 2D - - 2U - 3D 2D

n, rps 0.49 - 0.43
0 0

0.40 - 0.3 0.4 0.5 - 0.45 0.5

V, fps - - 26o - - 231 - B
P	

- 264 - 22 22 - - 26o - 231 238

1 i dj
Turns

n n n 1 n
4

n

F34

n
for - 4 -- 1 - In, -

4
- - - 4̂ - - 1

recovery

e.g. moved back 0.06c Landing condition, normal loading Inverted spins, normal loading

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N D U(8)1 N D U N D U N D U N	 D U N D U N D U N D U N D
Elevator f a a

a, deg - 29

N

0

a
P
i

- 4 28

N

0

a
P
1

24 22

N

0

s
p
1

30 28

2D	 N

o

a
P
S

o. 4s

228

44 41 39 - -

N

0

a
P
i

N

0

a
P
i

- 51 39

N

0

s

1

deg 2U - D lU 1D U 2D 4D 4D 5D - - - - 4D 3D

n, rps 0. - 0.3 0.38 0.3 0.4 O.j 0.3 0. 0. - - - - 0.41 0.47

V, fps 253 - 231 238 249 256 231 197 203 203 - - _ 207 218

Turna 1
for - - - 1 n _ 1 l n

1 1
n

3
1- 1-

1
n j6 1 2 - - n n_ n

recovery 2 z 4 4 4 bllb4

4

a0scillatory spin.	 hodel goes into inverted spin upon recovery.

bRecovery attempted by neutralizing rudder	 eSteep spin.

OModel goes into inverted flight upon recovery. 	 (Steep spin, model recovers immediately when launched
with rudder against spin.	 NATIONAL ADVISORY

COMMITTEE FM AEADNAbTICS



^z9sz"

Qa
Z66"

4s9"
TL.

^•	 ruabL- - M w

ZS°irrc/once	 15.f

Z/.0/"

b, ft	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 59.68
L, ft	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 . 42.02
F, in.	 .	 .	 .	 .	 . .	 .	 .

~
 98.20

S, sq ft	 .	 .	 .	 . .	 .	 .	 .	 442.30
A............. 8.06
Sh , sq ft .	 .	 .	 . .	 .	 .	 .	 .	 74.15

Seel , sq ft .	 .	 .	 . .	 .	 .	 .	 .	 26.35

Sv , sq ft .	 .	 .	 . .	 .	 .	 .	 .	 43.63

Sr, sq ft	 .	 .	 .	 . .	 20.28
Sr, deg	 .	 .	 .	 .	 . . .	 25 R, 25 L
S s , deg	 .	 .	 .	 .	 , .	 .	 30 U, 25 D
6 a, deg	 .	 .	 .	 .	 . .	 .	 24 U,	 16 D
Sa , deg (take-off condition),

drooped (aileron deflection
measured from drooped
position)	 .	 . .	 .	 .	 .	 10

6 f , deg ( take-off condition)- 30 D
Sf , deg (landing condition). 50 D
TDPF	 .	 .	 .	 .	 .	 . . .	 44 x 10-6
Landi:ig gear	 .	 . .	 Conventional

Dimensional Data

(Full Scale)

Model as tested.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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27-SCALE MODEL OF THE STEARMAY XAT-15 AIRPLANE

Mass Data

Normal Loading

W, lb . . . . . . . . . .	 12,197
x,/c . . . . . . . . . . . . 0.192 

/z/c . . . . . . . . . . . -0.029

Ix, slug-ft2 . . . . . . 20,370

Iy, slug-ft2 . . . .	 19 ,934
I Z , slug—ft	 . . . . . . 37,736
Test altitude, ft . . . . 20,000
µ (at sea level) . . . . . 6.04
µ' (20,000 ft)	 0 0 . . 0 0 11-32

IX - 
Iy ..	 . .... 3 x 10-4

mb2
I  - IZ	

-133 x 10-4

mb2

Iz- 2x .. . . ..	 130x104
mb
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Resume of Model Test Results

For the normal loading, clean condition, and normal control
configuration for spinning, the model spun at a steep attitude
(m = 290) with a fairly high rate of descent (248 feet per second).
Recovery by rapid full rudder reversal was satisfactory although
recoveries could not be obtained by merely neutralizing the rudder.

Extending mass along the wings (ATX and ATZ = 0.20 Ix) led

to unsatisfactory recoveries by rapid full rudder reversal from
all elevator up spins. With the elevator in the neutral or down
position, however, recoveries were rapid (1 turn). Retracting
mass along the wings (ATx and 61 Z = -0.10 IX), extending mass
along the fuselage (AIy and DIZ = 0.40 Iy), or varying the

position of the center of gravity (forward 0.04c and backward 0.106).
had no appreciable effect on the general spin and recovery charac-
teristics of the model.

For the take--off condition (landing gear extended, flaps down
300, ailerons drooped 100) and for the landing condition (landing
gear extended, flaps down 500), recoveries from spins were generally
satisfactory.

Recoveries from inverted spins by rapid full rudder reversal
were satisfactory.	

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITYI THE 20 SCALE MODEL OF THE STEARMAN RAT
-15

Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect spins)

Normal loading AIR and AIZ = 0.2O IX AIX and AIZ = -0.11 IX

Ailerons Against Neutral With Against Neutral With Against Neutral With

U N D	 U N D U N D U N D	 U .N D U N D U N D U N D U N D
Elevator a (a) a (ef) (a) (a) (a) e

a	 de 26 26 29 27 27 45 34 28 27 26 30 29 31144 33 30 27 30 128 31 30 29 43 32 129

0, deg 5U 7U N	 2U 3U 4II 9D 6D 4D 4U 6U N lU 2U 2U 7D 3D 4DI 4U 7U 11OU 2U 30 4U 8D 4D 4D

A rps 0.34 0.48 a	 0.3 0.4 0.52 0.3 O-U 0.52 0.3 0-5( 0.33 0.45 0.54 0.3 .450.510.3 .5 .32D .45 0-510 .33D .450.51

V, fns 255 248
s	

248 248 237 213 224 230 272 262 P 248 248 237 213 223 233 262 233 227 0 223 227 210 220 22

b14 4

1	 2 It 14 2 13 cl1 1
4Turns

for
odl d !y

d12 >6 1 ) 7 1-1 °1 3 4
cl 1 1-4 12 12 2 c2

recovery z
em e13 e^ e^ e 5

3 e-
e, e, 4 96 B6 1

AIy and Aiz = 0.40 Iy e.g. moved forward 0.04c e.g. moved beck O.10c

Ailerons gainst Neutral With Against Neutral With Against Neutral With

Elevator
N D U N D U N D U N D U N D U N D U	 N D U N D U N D
e e of e e e a

a, deg

[258

 33 30 33 32 28 48 30 27 26 29 26 31 31 28 44 z 301-1 28 26 29 1 25 1 48 0

0, deg  6U 6U 1D 2U 3U 8D 7D 7D 5U 7U 9U lU 4U 4U 8D 1D 6D I -1 6II 5U 2D U 4II 8D D D

R, rps 0.37 0.41 0.28 0.38 0.44 .28 0.40 0.44 0.37 0.4 0. 0.36 .47 0. 0.3 0.460.521-10-4010.4c 0.21044.46 1 0.210.39 6

v	 fps 230 233 240 237 240 213 244 248 262 233248 8 z 2 21 230 z - 2 0 8 8 1 22 2
Turns

bl 1 °12
3

12 0l 12 1 b11
4 b12 1 1

bl
11 c 2

03
b12 1 cl b12

12 c2^
recoverT

.14 c4 -	 1

Lending gear extended, normal loading Take-off condition, normal loading Landing condition,
normal loading

Ailerons Against Neutral With Against Neutral 41th Against Neutral iith

(e) D U N I D
(d) ( e ) (a

U N D
(f (a h h D h

N D II N D II N D

 27

o

P
in

29 26 z7 39 33 32 24 29 29 -- 29 28 --- ---

P
1
n

___

o

p
1
n

o

p
1
n

_

-

-

o

p
1
n

o

P
1
n

-_ __

o

p
1
n

qKlevator

SU 0 4U 5U 8D 8D 7D 3U 6U 5U -- 2D 1D --- --- '- --
 •49 .33 0.50 0.55 .32 0.47 0,5 0.3 0.4 0. 55 --- 0.51 0.5 --- --- --- -- --

 247 247 244	 244 213 220 220 246 216 20 --- 2 33 216 --- --- --- -_ __
Turns
for b12 4 b12 11 1 12 2

c 
1

b11
1z 1 --- 12 011 i1^ -__ 11 1

recovery 4 µ 2 4 2 '^.

NATIONAL ADVISORY
Inverted spins normal loading a Oscillatory spin.	 COMMITTEE FOR AERONAUTICS

b-Model recovers in a glide.
Ailerons Against Neutral With OModel goes into inverted flight upon recovery.

dRecovery attempted by rudder reversal in conjunction with
U NElevator D U N D	 I U N I D neutralizing the elevator.

eRecovery attempted by neutralizing the rudder.
ay de N

o

- - ---
h4

N

o

--- 0
37

N

o

fwandering spin.

914odel occasionally requires 6 turns for recovery.
hSteeo and oscillatory spin.

de 5D 6D 5D

rps s

1
n

--- --- 0.32 a

S
n

---	 0.290.41 a

1
n

iModel launched with rudder against spin.
V, fps - - -- 220 --- 1 220
Turn.

I
1

for
4 >3recovery e21

2
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rudder
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SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY N3N-1 SEAPLANE

Dimensional Data

(Full Scale)

b, ft (upper wing). . . . . 34.00
(lower wing). . . . . 34.00

L, ft . . . . . .	 . . . . 28.60
7, in .	 . . . . . . . . . . 54.00
S, sq ft

+
 . . . . . . . 305-00

L. E. c aft L.E. or$ in.	 . .	 0
Sh, sq ft . . . . . . . . . 38.50

Se, eq ft (inc. bal.) . . . 15.00
Sv, sq ft	 . .. . . . . . X3.16
Sr , sq ft (inc. bal.) . . . 14.65

6r , deg . . . . . . 30 R, 30 L
be , deg . . . . . . . 35 U, 25 D
ba, deg . . . . . . . 28 U, 18 D
TDPF . . . . . . . . 217 X 10-6

25.50"

,-

z°

Mode/ as tested.

Mass Data

Normal Loading	
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
"Vi p lb . . . .	 . . . . . .	 2820
x/c . . . . . . . . . . . . 0.320
z^ . . . . . . . . . . . . 0.080
IX, slug-ft2 . . . . . . . 2180

IY, slug-ft2 . . . . . . . 2610
IZ, slug-ft2 	. . . . . . 3900

Test altitude, ft . . . . . 8500
µ (at sea leve 1) . . . . . 3 .55
µ' (8500 ft)	 . . . . . . . 4.59

IX - IY	 Lz x 10-4
mb2

IY - 
IZ	 -127 x 10-4

mb2

IZ _ - IX .	 . . . . . 170 x 10-4
mb2
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Resume of Model Test Results

In the clean condition, normal loading, recoveries were generally
satisfactory by rapid full rudder reversal from all spins. Recoveries
attempted by a slow rudder reversal (approximately 6 seconds) were
satisfactory on3,y when the elevator was up.

Retracting mass along the wings (AI, and AIZ = -0.10 IX),

extending mass along the fuselage (AIy and AIZ = 0.30 Iy), or

moving the center of gravity forward or back 0.056 from its normal
position, did not appreciably alter the satisfactory recovery charac-
teristics of the model. Extending mass along the wings 

(Afx 
and

AIZ = 0.20 IX), however, caused recoveries from spins with the

ailerons neutral, elevator either neutral or down and the aileron
with elevator down to become unsatisfactory (>2 turns).

Raising the horizontal tail 12 inches, full scale (modification 1),
appreciably improved the recovery characteristics of the model and
recoveries were satisfactory by rapid full rudder reversal.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE is SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY NSN-1 SEAPLANE

Unless othersise indicated, s teady-spin data are for rudder-with spins of the model in the clean condition
and recoveries were attempted by rapid full rudder reversal from right erect aping

Normal loading Effect of various control manipulations on turns
for recovery, normal loading

Aileron Against Neutral With Ailerons Against Neutral With

Elevator U N D U N D U N D Elevators U N D U N D U N D.

a, deg 51 60 53 53 55 57 53 50 49 Neutralizing rudder lZ
17z 7Z 4 a °os 5 3Z

9f,	 deg 5U 2D 3U 4D 6D 5D 9D 5D 5D Simultaneous reversal.of
rudder and elevator -' -- '- 1 -' -' -- -- --

q , rps .37 0.4 0.46 0.37 0.47 O.µ 0.33 0. 0.4
Simultaneous neutralization 2
of rudder and elevator -' -- -- -- -- -- --

V, fps lOJ 89 95 96 69 87 100 95
Simultaneous releasing rudder

91 elevator, and ailerons -- '- Is -- '-- -- -- --

Turns
for

4
2 4

11
rF

2
24 13

ry
2 dSlow rudder reversal 11

rL
1

jr4

22

l
1

32
1

32
1

1r+
1

24
'1

24recovery 22 '22
11 j

Effect of mass variations and e.g.
Modification 1, normal loading Codification 1, effect of mass variation

movements on turns for recovery and e.g. movement on turns for recovery

Ailerons Against Neutral With Ailerons Against Neutral Aith Ailerons Against Neutral With

Elevators U N D U N D U N D Elevator U N D U N D U N D Elevators U D U N D U N D

AI 	 and DI	 =X	 Z 12 - 1 1 1j 1 1 1 - 24 a, deg 32 N N 42 43 43 46 34 34
AI	 and AI	 =

X0an0I	
z 1 No 1 _ 1 1

12
_

1^
J.20I

12 12 34

0 o

2 spin 2

Al	 and AIX	 z - -- - -- 1 11 12- -- - -- V, deg lU 1D 3U jU 12 5D 0 AI	 and AI =X	 z 1 1 1-J.10I 2 2
s

P
s

P

-0.132 - ---- 4 -- - --

AI  and 41  = 11 - 2r 1 2 12 - 11 Q, rps 21 0..43 0.45 2 .420.47
AIY and DIZ = 3. 2 1	 2 1 10.30I

^+

2 2 .

1 1

33 .3 3.	 32 2 -

e.g. ^roved
-- - -

1
1 1

24
1

2 -- - - V, fps 102 100 98 96 10 10 11
c.g. moved

1 1for—rd 0.05E 2 n n forward 0.05E - ---- IN 2

L
e.g. moved

back 0.05E -- -- 1 2 2 1 -- - --
Turns
for 1

2
ell

11
2 11

2 11 1 7L
114 c.g. moved - _-.- 1 13

2 recovery 2

a 21
e32 2 2

1.
0.05E 2

NATIONAL ADVISORY
aModel sensitive to rudder deflection near neutral. 	 COMMITTEE FOR AERONAUTICS
bModel goes into spin with increasing radius after neutralizing rudder.
eModel goes into a spin with large radius with a whip after neutralizing rudder.

dApproximately 6 seconds, full scale.
e Recovery attempted by slow rudder reversal (approx. 6 seconds,full scale)

(Recovery attempted by simultaneous reversal of rudder and elevator.

Modif/Catiovr
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1/16-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY XK3N-2 AIRPLANE

b, ft . .	 •	 . .	 .	 . .	 . . • . .34000
Ls ft . .	 .	 . «	 .	 . .	 . .	 .	 .	 .	 2 5.7 6
5, in . . • .	 .	 54.03
S, eq ft	 . .	 .	 . .	 305.00
A . .	 . .	 .	 . .	 •	 • . .	 .	 .	 .	 7#58
L.E. w aft L. E. art in .	 13080
Sh , sq ft • . .	 .	 . .	 38.08
Se, sq ft .	 . .	 .	 . . • .	 15.08
Sv, sq ft . . .	 .	 . . .	 . .	 21.41
Sr, sq ft .	 . .	 .	 . .	 . .	 .	 .	 .	 11.15
Sr, deg . . . . 30 R, 30 L
Se, deg .	 . . 35 U, 25 D
8a, deg (1/5 stick) .	 . . 4.8 U, 4.5 D
8a, deg (2/5 stick) . 1000 U, 8.8 D
ga, deg ( 3`5 stick) . 16.2 U, 12.5 D
ba s deg (4/5 stick) . 22.5 U, 16.0 D

8a, deg (full stick) 30.0 U, 20.0 D

TDPF . . .	 •	 . .	 .	 . .	 . .	 236 x 10-6
Landing gear .	 .	 . .	 . .	 . . .	 Fixed

z•

0 inciden

453]

le0s'	 2.04'

is

'

rt.

cidence	 binge

Mode/ as tested.

DIMENSIONAL DATA

(Full Scale)

NATIONAL ADVISORY
{COMMITTEE FOR AERONAUTICS

MASS DATA

Normal

W, lb . . . • . . • . • • . 2,704
X& . . . . . . •	 . . . • 0.316
Z/ĉ . . . . . . . . • . . . 09012
IX  slug-ft2 . . . • .	 . 1,577

IY , slug-ft2 . . . . . . . 2,291
IZ , slug-ft2 . . . .	 . 3,416

Test altitude, ft . . . 	 . 10,000
µ (at sea level) . . . . . 	 3.42
µ (at 10,000 ft) . . . . .	 4.63

IX ' IY • • . . . • -74 x 10-4

mb2

-
IY	 Z . . . . . . -116 x 10-4
mb2

Z IX . .	 . 190 x 10-4
mb2
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Resume of Model Test Results

In the clean condition, normal loading, the recovery characteristics
of the model were satisfactory either by rapid full rudder reversal
or by simultaneous reversal of rudder and elevator.

For the aileron-neutral spins, extending or retracting the mass
along the wings (AIX and AIZ = 0.20 IX or -0.15 Ix) or moving

the center of gravity forward or back 0.058' from its normal position
did not appreciably alter the recovery characteristics of the model,
whereas extending mass along the fuselage (DIy and AI Z = 0.20 Iy)

led to unsatisfactory recoveries when the elevator was full down.

With mass retracted along the wings (AIX and AI Z = -0.15 Ig)

in conjunction with mass extended along the fuselage (AIy and

AIZ = 0.20 IY) and center of gravity moved forward 0.056 from its

normal position, unsatisfactory recoveries were obtained by rapid full
rudder reversal for the elevator-neutral or elevator-down settings
when the ailerons were either neutral or set partly or fully against
the spin.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 1-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY XN3N-2 AIRPLANE

Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins]

Effect of mass variations
Normal loading and e.g. movementson turns

for recover

Against With
2 1 1 2Ailerons Neutral Aileron Neutral

Full 15 '5 Full

Elevator (fl
JU D U U D U U N ( D

a
U U D U U D U Elevator U D

AIg and AIZ = bl 11
a,	 dee 35 37 - 37 40 -- 41 4 0 42 43 3a 35 -- 37 40 --- 40 0.20I 2

61X08i5lXIZ
b

2t0, deg IOU IOU -- 12U 8U -- 5U 3U 7U 8U lU 4D -- 8D 11D --- 14D 2

Q AIYO	
1z = b ; 1

11, rps o.32 0.33 -- 0.35 0.37 -- 0.36 0.36 0.47 0.48 0.36 0.36 -- o .36 0.37 --- 0.36 20

V, fps 111 121 -- 116 112 -- 111 111 104 99 116 121 -- 118 -111 --- 112
e.g. moved
forward 0.05a

b l
2

Turns b ti b
11

rF
b3
4

1 3 b 3 b3 1 b
c.g. moved

-back 0.05c
bl 1

1—
for 1 1 1 ---- 1 3

1—
---- 1^ 1—

4'
---- 1

4
---

4
1 2

2
2

recovery ^} 1{ Z 1 2 4 2

ATX an	 AIZ =	 X
AIy and AIZ = 0.20Iy "Oscillatory spin.
e. z. moved forward	 .0 E bRecovery attempted by simultaneous

reversal of rudder and elevator.ainst I With
Ailerons 2 Neutral 2 NATIONAL ADVISORY

Full 5 — — Full COMMITTEE FOR AERONAUTICS

Elevator U D U D U D U N D 350 U D U D U D

a	 de 46 - 44 - 44 - E --- 31 --- 4 -- 1

0, deg 7U -- 8U - 7U

^-J- 44

lU - 3u --- 90 --- 16D -- 5D ---

f2, rps 0.36 -- 0. 35 - 0 .36 F-- 0. 35 - --- 0. 36 --- 0. 35 ---D-35 ---

V, fps 109 -- 111 - l09-- 110 - 98 --- 127 --- 124 -- 126 ---

Turns
f or -- -- 4

b

22

b
^^^^

b

2
5 br4 2z

b

12-

b

r}
recovery "4

1



25.50"
f

4.06"

0

20imidence{.—

i

/2./8u
2B ^	 ..

01incidence ifudder
hinge
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l
b-SCALE MODEL OF THE ,NAVAL AIRCRAFT FACTORY N3N-3 LANDPLANE AND SEAPLANE

T.L. — 	^—
¢ rudder

i"

. 	 /./6"	 hinge

/8.59"

Mode/ as tested.

12.58"

Mode/ as tested.

Dimensional Data

(Full Scale)

(Values are the same for both
landplane and seaplane except
where noted)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTIC

b, ft ( upper and lower
wing)	 .	 .	 . .	 34.00

L, ft
Landp lane	 . 25.58
Seaplane	 .	 . .	 .	 .	 . .	 . 28.60

c,	 in.	 .	 .	 .	 .
S, sq ft (total

.	 .
area)	 .

.	 . 54.06

.	 305.00
A	 ............. 7.58
L.E. c aft L.E. 0r ,	 in. .	 .	 0.00
Sh,	 sq ft .	 .	 . .	 .	 .	 . .	 . 38.50
Se,	 sq ft	 (ino. bal.) .	 .	 15.00
Sv,	 sq ft ®	 .	 . 0	 0	 .	 . .	 .	 20.85

Sr , sq ft (inc. bal.) . . . 11.35
8r,	 deg	 .	 .	 .	 . 30 R , 30 L
be,	 deg .	 .	 .	 . 35 U, 25 D
5a,	 deg	 .	 .	 .	 .	 .	 . .	 28 U, 18 D
Sa, deg (1/2 stick) . 11.5 U, 10 D
TDPF	 .	 .	 .	 .	 .	 .	 . .	 186 x 10-6
Landing gear

Landplane .	 .	 .	 . .	 .	 . . Fixed
Seaplane	 .	 .	 .	 . .	 .	 . Floats
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Mass Data

Normal Loading

(Landplane)

W,	 lb	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 2803
x%' .	 .	 .	 .	 .	 .	 .	 .	 .	 .
z/c (above 2.L.)	 .	 .

.	 . 0.293

.	 -0.017
IX,	 slug-ft	 .	 .	 .	 .	 . .	 .	 1583
Iy,	 slug-ft2	.	 •	 .	 .	 . .	 .	 2363
I Z,	 slug-ft2	 •	 .	 .	 . .	 .	 3487
Test altitude,	 ft .	 .	 . .	 10,000
µ (at sea level)	 .	 .	 . .	 .	 3.53
1"(10,000	 ft)	 .	 .	 .	 .	 . .	 .	 4.78

IX 
Iy
	

-77 x 10-4
mb2

Iy -2IZ	
. .	 -112 x 10 -4

mb
IZ - XI

2	 . . . . . .	 189 x 10
-4

mb

(seaplane)

W s .	 lb	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 2935
x/c	 .	 .	 .	 .	 .	 .	 .	 .	 .
z/c (below T. L. 	 .	 .	 .

.	 . 0.287
. 0.080

IX,	 slug-ft2 	.	 .	 .	 . 2201
IY,	 slug-ft	 .	 .	 .	 .	 . .	 2627
I Z,	 slug-ft2	.	 .	 .	 .	 . .	 .	 3921
Test altitude,	 ft .	 .	 . .	 .	 6000
µ (at sea leve 1)	 .	 .	 . .	 .	 3.70
µ'	 ( 6000	 ft)	 .	 .	 .	 .	 . .	 .	 4.43

IX-2IY . . . . . . . .41 x 10-4
mb

Iy -

2 Iz

	
•	 •	 -122 x 10-4

mb
IZ - IX

2	 . . . . . . . 163 x 10 -4
mb	

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

Iandplane

In the clean condition' normal loading., the recovery characteristics
of the model were satisfactory by rapid full rudder reversal.

Extending mass along the wings (AIX and AI Z = 0,30 Ix), along

the fuselage j Aly and AI Z - 0.30 ly), or moving the center of

gravity forward\ or back O.OI+a from its normal position had little
effect on the steady-spin and recovery characteristics of the model.

Recoveries from all inverted spins obtained were satisfactory by
rapid full rudder reversal.

Although the spin characteristics of the model were generally
satisfactory, various modifications (1 to 4) were tested on the model
to determine which locations for additional area were most effective;
generally ' regions along the upper and lower trailing edges of the
rudder were found to be satisfactory in accelerating recoveries,

Seaplane

In general, the spin and recovery characteristics of the seaplane
were qualitatively the same as those for the landplane; quantitatively,
erect steady spins were somewhat steeper and recoveries were somewhat
more rapid. Inverted steady spins were slightly flatter and recoveries
were slightly slower.

The effect of a cowl over the engine had a negligible effect on
the steady-spin and recovery characteristics of the model (data not
presented).

It should be noted that a rigid comparison between the landplane
and seaplane versions of the model cannot be made because the landplane
model was tested at an equivalent test altitude of 10,000 feet and the
seaplane model was tested at an equivalent test altitude of 6000 feet.
In general, an increase in altitude tends to flatten spins and retard
recoveries.	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 
I
-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY N3N-3 AIRPLANE

Unless  otherwise. indicated, steady-spin data are for rudder-with spins of the model in the clean con-
dition and recoveries were attempted by.rapld full rudder reversal from right erect spins; equiva-
lent altitude, landplane 10,000 feet; seaplane, 6000 feet]

Normal loading AIy	 and	 AIz = 0-301y

Against With Against With
Ailerons Neutral Neutral1 -

Full - 2 Full Full 2 Full

N D U N D U M 2 D U V D U N D U N D U N D U N D U N D U N DElevator
(U
e) (ab) (b) a a a 'atr gab

e, deg 35 58155 53 58 57 49 48 55 53 32 41 45 31 35 45 48 157 57 -	 - - 1i9 52 53 - - - 2e 27

deg 12U 1D lD 2D 2D 2D 1D )FD 1D jD jU 2U CD lU 1D 7J lU 2D -	 - - jD 11) 1D - - - - IOD 2D

fl, rps 0. 35 0.481 0-5 0 0-4 0.490.510.39o.48a510.500.39 0.48J.510.40o.4 0.4 0.330.!,20. -	 - - 0.330.410.42- -1 0.52-.53
V,. fos 120 97 95 10' 97 93 1 117 I' 9 97 131 111 14 133 llh 10L 139 100 9 - - Ill 100 100 - - 163 131

14 2 'L
4

112 124 1 1 1z2 12 112 112 1 d1 'L 124 3- 2 12 1 2 1 1 d1
Turns 4 444 4 of
for

recovery c 1
3.

a 1
5,

d l
1

c
2

0 1
34

e3

f31

AIy	 and	 6Iz = 0.30Ty Effect of mass varia Effect of fin modificati^ns
Lions and e.g. move- Inverted spins, normal loading on turns for recovery,

rudder-neutral spins ments on turns for
recovery for

ailerons neutral; elevator
down,

Ailerons Against Neutral I With aileron-neutral spins Ailerons Against Neutral With AT 	 and	 6Iz = 0.30Iy

Movement
Elevator

Modification Turns for
U N D U N	 D U N D U N D U N D U N	 CElevator

(b
( (	 ) N D Elevators (b) (b) (b)

recovery

a, deg N N 58 - N 44 - N N
AIX

13 13 0 ' deg N N N 32 N N 50 43 N

o	 o.

s s

o

a
o

s

0.1	 I x
o

s
0

s
0

a
o o

s s

1 °4
17),	 deg 8U - 0	 311

s).42
-
-

AIX and AI
= 0.30I Z z 1

2
deb 5D 141) 1111 o

s	 2 4
4

0.50 0.390.5 2fl,	 rpsi; rps 0.42 -
AIy and 6Iv l,^ 21

V, fns P P

i i
104 - P 101 - P

1
P

1
= 0 . 15 1 z" 4 4 V, fps P

1
P

i
P

i
162 P P

i	 i
138 136 P

i	 3
c3

Turns
h 1
12

1
h I

e.g. moved
forward 0.04 2 I.24 Turns 1 1 1

n	 4 CC-recovery
n n h21 - n 2)7 - n n

recovery
n n n 4 n n z Z

c.g. moved 2 2
j+ ba k.0 0-

Seaplane, normal loading Seaplane,	 AIy	 and	 AIZ = 0.22 Iy

Against With Against 'A l th
Ailerons Neutral Neutral-! i 1

Full 2 2 Full Full 2 2 Full

U N D U Y D U N D U N D U N D	 U N D U	 N D	 U N D U N D U N D.
Elevator (nb) (1) (1) (1) (1)	 (ab (I) (ab) (ab) (ab)- (a) (ab) (ab)

a, deg - - - 46 45 - 45 47 - 42 39 1451 45 26 N	 46 5 55 -	 -1- 47 49 50 -	 - 43 37 41

0, deg - - - 7U 7U - 3U 6U - 1D 2D 2U 10D 2U o	 9U 8U 7U - -	 1D lU lU -	 -	 - 7D 1D 3U

n	 rps - - 0.38 0.49 0.37 0.48 0.^5 0.48 o .49 0 .3.5 0.55 - 0.33 -42 0.44 - - 0.32 0.112 0.44 -	 - 0.27 0.43 0.43
V, fps 126 102 118 107 102 -	 107 100 98 111106 100 113 140 p 10 8 6 -	 - -	 1,0 100 96 . - -	 - 111 '1	 0 10

1 1 d
l

1 1 1 1 1 L 1, 1 1 1 i	 1 1 1	 3	 .3 2	 1 2 l j	 1	 1 j 1 d2
Turns 4 2_ 2 2 2 1C 2 12 2 r	 2 1z 2^ ^ 14 22 1212^ ^
for

recovery c1 c 1 0 1
32

c	 1,0
112

1
7T 11

231}
'13 J4

Seaplane, effect of mass variations Seaplane, Inverted spins, aWandering spin.	
NATIONAL ADVISORY

and e.g. movements on turns for normal loading COMMITTEE FOR AERONAUTICS
recovery for aileron-neutral spins bOsclllutory spin.

Ailerons Against Neutral With
°Recovery attempted by neutralizing the
rudder.Elevator

Movement
IT D __ ._ dModel goes into inverted spin upon recovery

eElevator 30° down.:;isvefor 8 fl	 D U N i b N	 D
6Iz	 and	 6Iz = 0.151X 1 1

fEleva for 35 0 down.

93teep spiral,	 velocity too high to test.AIX	 and	 6IZ = 0.302 X 3	 (k) e, deg N	 N
L7

N N 53 48 N
0, deg 11D 13D o4 -  o 2D o ° hRecovery attempted by movement of the

rudder to full against the spin.AIy	 and	 6Iz = 0.15 Iy 1 2 0, rps

-

s	 .,

p	 p

0.27_
131

a	 s

P P

J.jO 0.46 s
iDelicate spinning equilibrium; no-spin
condition also possible.forward 0.011- (k) V,	 fps 129 125 Pc. g. moved

-

1	 1

r.	 n 1
1	 1
:.	 n

')Recovery attempted by releasing the rudder.
k No spin.
INIodel -ter.,	 ri_ht erect	 snln.

e.g.	 r.,.ved beck 0.04-
__..

f 1
Turnsf°
recovery 1

1
1	 n

I
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Modifications /, 2, 3 and 4

-3
2.58 syft

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Dimsnsianal Data 

(hll Scale) 

b, f t  . . . . . . . . . .  .42.00 
L, f t  . . . . . . . . . . .  30.41 
F, i n  . . . . . . . . . .  07.24 
8,  sq f t  . . . . . . . .  *@0.00 
A . .  . . . . . . . . . . .  6*08 
L.E. r a f t  L.E. cp, in. . .  0.00 
Sh, s q f t .  . 0 . . e s fj0.30 
S,, sq f t  . e e e e e e e 19-70 
S,, s q f t  . * . . . . . . .  20.37 
SrB s q f t  a e e 0 e . e . e 11.92 
6,, deg . . . . . . .  30 8, 30 L 
6,, d e g .  . * * . 3 5 u s  2 5 D  
Bas d e g . .  . * . * .  30UB 1 5 D  
6 f , d e g u . e e . r r . . e  45D 
TDPF . . . . . . . .  238xIOo6 
Landing gear . . . . . . .  Fixed 

Mode/ as tested. 

Mass Data 

Normal Loading 

W s l b e * O e e * e e . D O  3 a 0  Ix - 'Y . . . . . .  
. / r e . .  a .  * . C * * * .0.272 -. - 9 6 x 1 0  -4 
z / .  . . . . . . . . . .  .0.0& mb2 

2 IXs slug-ft . . e . . . .  1765 IY .. ,I2 . . . . . . .  
2 2 

-78 X loe4 
Iy, shag-ft . . a . a e *  3490 

2 mb 
Izo slug-ft . . . . . . .  4897 =z - =x . . . . . . .  Test alti tude, f t  . . . .  &,000 174 x low4 
p ( a t  sea level) . . . . .  3.52 , mb 2 
p' (&,OQO ft) . . . . . .  5.1.43 NATIONAL ADVISORY 

~ O H H l T l E E  FOR AERONAUTICS 
Alternate Lading 

W , l b * e e e a e e r . * *  3352 
x / b .  aOer i )7  e e r e c o e  - 9 4 x 1 0  -4 Ix - IY . . . . . . . . . .  2 . . . . . . .  z/r . . -e 

* 2 *  
0.060 mb 

IXI slug-ft e 32'15 
2 

IY - 12 
ly, slug-ft 3484 . . . * . * .  -1___ 

2 . . . . . . .  -77 x 10-4 
2 12, slugaft; . I , . . s . .  5247 mb 

Test altitude, f t  . . . .  4,000 IZ - IX . . .  p ( a t  sea level) 3.99 =------.... 171xlog4 . . . . .  
mb 2 

p' (Ilr.000 ft) a * . . . .  5.53 
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Resume of Model Test Results

In the clean condition, normal loading, and normal control
configuration for spinning., the spin was to oscillatory to permit
testing. With the elevator neutral, a steady steep spin -was obtained,
but with the elevator full down the model would not spin. Setting
the ailerons against the spin had a slight adverse effect, but
recoveries by rapid full rudder reversal were satisfactory. Setting
the ailerons with the spin had a favorable effect. Changes in the
aileron differential had no appreciable effect on the spin or
recovery characteristics of the model.

Extending mass along the wings (AIx and AIZ = 0.30 Ix),

along the fuselage (AT,, and AIZ = 0.50 IY), or moving the center of

gravity forward 0.0`3̀'5 or backward 0.056 from its normal location
had little effect upon the recovery characteristics of the model.

Extending mess along the fuselage (&Ty and AIZ - 0.40 Iy)

in conjunction with a movement of the center of gravity backward 0.106
from its normal position had a detrimental effect on the recovery
characteristics of the model, inasmuch as flat spins and unsatisfactory
recoveries by rapid full rudder reversal were obtained when the ailerons
were either neutral or against the spin. Removing the engine cowling
for this loading did not appreciably alter the spin or recovery
characteristics.

The installation of a modified wing tip (see sketch) slightly
improved the recovery characteristics of the model for all loadings.

An attempt was made to produce a steadier spin for the normal
control configuration for spinning by relocating; the horizontal tail
surfaces. (See sketch.) Raising the horizontal tail surfaces

2 4 inches, full scale, led to steady spins from which recoveries

were satisfactory. Moving the tail surfaces forward 19^ inches, full
2

scale, caused the spin to become only slightly oscillatory. Lowering
the horizontal tail surfaces did not-affect the spin and recovery.
characteristics of the model.

-	 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITS THE 15 -SCALE. MODEL OF THE NAVAT_ AIRCRAFT FACTORY XNSN -1 AIRPLANE

Unless other,vi as indicated, eteady - spin data are for rudder -with spins of the model in the clean
conditionand recoveries were attempted by rapid full rudder reversal from right erect spins;
aileron differential 2:1, unless otherwise noted

Normal loading Effect of 2 ;1 aileron differential on steady spin
characteristics, normal loading

Against Against With

Full
2 1 1

0
VU. 11 D 170U L70 L 34aU,	 1101)Ailerons Neutral With Neutral

3 2
; 05 5 D •^(Full)) Full

Elevator U N D U N D D D U N D U N D U N D U N D U N N D D D U N D( e ) a b b s e c c c al a

a, deg ----

N0
a
P
1'

N0
s
P
1

33 26 33

N
0
s
P
I

N
0
a
P
1

--- 23
N
0
s
P
1

--- --- ---

N0
s
P
1

N0
a
P
1

30

N N0 0
s a
P P
i i

33

N0
s
p
I

---

N0
s
p
1

25 --- --- ---- ----

9f ,	 deg ---- 0 15U 17U --- 12U --- --- --- -- 41) 14D '-- 1 3II --- --- ---- ----

rps ---- 0.40 0.51 0. 57 --- 0.5 --- --- '-- -- 0.41 --- 0.60 --- -- ---- ----
V,	 fps 170 171 167 151 --- 20 --- --- --- -- 1 l l 1 0 --- --- 188 158
Turns 1 1 1 1
for ____ n n n n -__ __-_ n ___ ___ ___ -_ n n --- n n I n __- n - ___ ___ ____ ____

recovery 2 2 2 2

Effect of 1:1 aileron differential on steady spin AIX and AIZ = 0.151 X AI	 and Al= 0.302Xcharacteristics, nprmal loadings Z	 X

Against Nith Against Against
Neutral Neutral With Neutral

Ailerons 220U,220D 110 U,	 110D 110U, 110D 220U,220D Full 2 Full 2'Full)

(Full) 3 3
U N	 D II N N D U N N D D U N D U N D	 U N D N D U N D U N D U N D N U N DElevator (e c c c c c. a a e b b a

a,	 deg -- 30
N
0	 17U

s	 .51

i	 128

n	 1

30
N
0

s

i

n

29 30 33
N
0

s

1
n

--- N
0

s

i
n

25 --- 171-- -- ---- - -- N	 P:
0 0

s s

i i
n n

N N
0 0

s s

i i
n n

N
0

a

i
n

-- -- -- -- N
0

s

i
n

N
0

a

i
n

N
0

s

i
n

N
o

a

i
n

p, deg -' 1D 4U 12U 14D '-- 131J --- 3U -- -- --_ _ __ __ __ -_ __ __ __ __ _

11, ros -- 0.41 _-- 0.562.4 _-- 0. --- .6 -- -- ------ -- -- _- -- -- -- --

V, rps -- 150 142 1 37 143 1 95 150 --- 2111-- -- 199 - -- -- -- -- -- -- -- -- --
Turns l z 1 1

for
recover

-- 2
1- -

--_- - -

AI	 and AI	 = 0.151Y and AL.3 IYAI	 = 00 AIy and AI Z =	 Effect of e.g. movement on
2	 Y Y	 L 0,501 turns for recovery

Against Against Av .inst

Full
2

Furl
2-

2Ailerons Neutral Neutral With Neutral	 Ailerons Neutral
Full 

Elevator J N D U N I	 D U	 PI D U N D N D U N D U N D U N N D Elevator U N D N U N D
(b b a b e

a, deg - -- 33 --- ---130 - -- -'- -- 31 38 ---140 - -- --- -- N

o

a

i
n

N
o

s

i
n

-- ---- 2	 c.g. moved
--

N
o

s

i
n

N

o

s

i
n

0
s
P

n

-_ _ '_0, deg - -- 12U --- --- 15 - -- --- -- 511 5U --' 4U __ --- -- -- IU ---- 2U	 forward
0.038

I1, rps - -- •53 --- --- •53 - --0.62 -- 0.5 0.47 --- •45 - -- .6z -- -- 0• --- 0. 5

V, fps - -- 1 50. --- --- 1 53 - -- 173 -- 150 129 --- 120 - -- 161. -- -- 1 32 ---- 1 50 c.g. moved
-- 2 -- -- ---

Tfors 1 1 1 I'l ^' 0805-

recov= - 1 -- 1 14 2 2

1 _ __
-^-

AIy and AIZ = 0.30 Iy aIy and AIZ = 0.40 Iy Engine cowling removed,

e.g. moved back 0.058 e.g. moved back 0.106 AIy and AIZ - 0.401y
e. g .moved back 0.108

Ailerons Against Neutral With Against Neutral With Against Neutral frith

Elevator U N .D U N D U N D U N D U N D U N D U N D U N D U N D
( 8 ) (a) ( b ) (e) (b) (e) (e)

a, deg -- 65 58 45 29 --- --- N

0

s

i

--- 64 51 67, 61 5 0 --- N

o

a

i

N

o

a

1

-- 63 61 48 51 46 -- N
0

s

1

N
0

a

1

0, de.- -- 7U 8U

L146

2D 1D --- --- --- 71)' 6II 1D lU 2U --- -- 8U By 4D lU lU --

fl, rna -- 0.45 0. 43 0.40 0.53 --- --- --- 0 .40 0.39 0.37 0.40 0.39 --- -- 0.42 0.41 0.26 o.38 o.41 --

V, fps -- 143 107 125 1 53 --- --- --- 111 120 115 115 123 --- -- 115	 115 150 125 125 --
Turns

_.._..
n n n

--- 3

_
2 -- ---- --° -'-- 2 2 __for -_ 2z 3Z 1z 14 4 -_- '--

n
24 2 4 ---

n

recover

NATIONAL ADVISORY

bVer tleal velocity

to test.	 CONNITTEE FOR AERONAUTICS
bVercity too high to teat.

OTwo conditions possible.

dStcep and oscillatory spin.

a Too wandering to attempt recovery from spin.



Raised 2/.75 "

Original

horizontal location

Lowered 4.50"

Lowered 18.75"

t aileron hinge
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SPIN DATA OBTAINED WITH THE 15-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY 7CN5N-1 AIRPLANE - concluded

Unless otherwise indicated, steady-spin data are for rudder-with spina of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins;
aileron differential 2:1, unless otherwise noted

Modified wing tips,
Modified wing tipps,
AIy and AIZ = O.gOIy

Modified wing tips, flaps
down 450,AIy and AIz = 0.40Iyalternate loading condition cgg, moved back 0.100 from

'i% 	 loadin	 condi ton
C' g. movafl bask 0,10a from
alternate-loadirko condition

Against
Ailerons I	 Neutral With Against Neutral With Against Neutral WithE 1

Full
Id

Elevator U N D U N D N D D U N D II N D U N D U N D U N D U	 N D II N D U N D(a ( a) (b) (a (b) (b) (i) ( a ( ab

a, deg '_ N N
0 0
s s

1 1

j1
3D

N
0 o

a a

1 1

N
0
e a

1 1

N
0 __
a --

1

 N
o

a

1

-' -- _- -_ 61 5D, 48 5o z8 ' --- N

°

a

-	 45 45 58 51 N

°

s

--- --- '-
Pf,	 deg __ __ __ __ -- __ 6u 6u 1D 2D 2D -- ---- --	 5u 5II 2D 1D

rps -- 0.40 --  0.40 0.39 0.48 0.37 ---- -- --__ -- 0.36 0.39 0.33 737 --- ___ ___

V, fps --
n n

157
n n n n

--
n

--
n

-- -- -- -- 113 . 123 142 125 136 -- ---- 1
n

-- 120 125 116 118 1
n

--- --- ---
Turns
for

_
21 21 11' 11

recover 2 2
____

4
____ __ 1 1 2

2

Horizontal tail surfaces
Horizontal tail
surfaces lowered Horizon tai tail surfaces

raised 21 inches, 1 inches,normal42 lowered 1I inches, Horizontal tail surfaces moved

forward 1	 inches, normal loading2normal loading normal loading

AR sin st With th ainst With
1 1 1

HW11

1 1Ailerons Neutral Against Neutral Against Neutral NeutralFull Full Full

Elevator U N D U U N D U N D U N D U N D U N D U N	 D U N D U N D U U N D U U
(.1

N D
1(a e a a a

a, deg -- ' - 35 _L7
o

a

1
n

N
0

a

1
n

37 N

o

a

i
n

N

o

a

i
n

--- N

o

a

1
n

N

o

a

1
n

-' -- _- 30 --'

--

--

-"

°-

N

o

s

S
n

N

o

s

1
n

31 33 19
N
o

a

1
n

33 -- 19 19
0, deg -- - - 6D 8D 11D - - -- ---

0.46

-- -- -- 10D

N

--	 o -- -_ __ 6D 13D 8U 10D -- 0 4U
rps -- - -0-4(0-41 •4 - - -- -- -- -- 0.430.62 s -- -- -- 39 0.41 0-5E .4 0.610-

V, fps -- - - 148 139 139 - - -- 141 "' "' 144 95	 1 -' -- -- 143 141 1 88 139 -- 176 157
Turns
for '-- 1 '-- - -- --- -- '- 1

n
f° '- -- - - 1 1

T
---

_
-

1 1
p

aToo oscillatory to teat. 	 NATIONAL ADVISORY

bvertical velocity too high to test.	 CONMIYM FOR ALV)N TK.S

!Model spins steadily for a ti's ' then recovers of own accord.

Comparison of original and modified wing-lips.	 Horizontal-tail-surface locations

tested an model.
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6
-SCALE MODELS OF THE BOEING VB-1 SEP.PLAKE A14D LANDPLANE

//.86"
0`'	 "deuce ..2^3„ 2,89

B" a2z'
T.L. - -

0°incidence59 ¢ rudder
hinge

Mode/ as tested.

//. 74" "'-*4.9T
4.9

0°incidence
2.23"

322"
T.L. j—

/O"	 3 7"	 .59" rudder

00incidence hinge

Mode/ as tested

Dimensional Data
NATIONAL ADVISORY

(Fall Seale)	 COMMITTEE FOR AERONAUTIC

(Values are the same for both landplane and seaplane
except where indicated)

b, ft . . . . . , . . . , . 36980
L,ft...........

Seaplane . . . . . . . . 25.83
Landplane . . . . . . . 24.65

cm(meaohord), in . . . . . 48.00
S, sq ft . . . . . . . . . 344
A (upper wing span) . . . . 3.94
Shy sq ft . . . . . . . . . 37.80
Se, sq ft . . 0 0 . 0 0 0 . 17.00

Sv„ sq ft . . . . . . . . . 16.60
Sr, sq ft . . . . . . . . . 11.35
Sr; deg . . . . . . . . . .	 ±30
Se, deg . . . . . . .	 30 U, 30 D
6a, deg . . . . . . . 15 U, 15 D
TDPF . . . . . . . . 42.2 x 10-6
Landing gear . . . . . . .

Seaplane . . . . . . . . Float
Landplane . . . . . . . Fixed
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W, lb . . . . . . . . . . . 2849
x/%_	 ...........0.340
z^m.2 . .	 . .	 . . 0.075
Ig, slug-ft	 . . . . . . • 3,342
Iy, slug-ft2 . . . . . . . 2,522
IZ , slug-ft2 . . . . . . . 4, 690
Test altitude, ft . . . . . 6,000
µ'(at sea level). . . . . . 2.94
µ a(at 6000 ft) . . . . . . 3952

Ig - Iy	
. . . .	 . 68 x 10-4

mb2

IV - IZ . . . . . . . . -180 x 10-4
mb2

IZ Ix	
112 x 10-4

mb2

(Landplane)

	

W, lb . . . . . . . . . . . 2544	 IX - Iy . . . . . . . .	 16 x 10`4xcm . . . . . . . . . . . 0.350
z/C̀	 . . . . . . . . . . -0.026	 mb2
IX, slug-ft2 . . . . .	 . 2,409	 Iy - IZ	 -174 x to-4Iy, slug-ft2 . . . . .	 2,239	 . .	 . .

	

IZ , slug-ft2 . . . . . . . 4,099	 mb2

	Test altitude, ft . . . . 102000 	 Iz - Ix	 4
µ (at sea level 	 . . . . . 2.62	 .	 • • • .	 l5$ x l0-

+(at 10,000 ft) . . . .. 	 3.55	
mb2µ 

Resume of Model Test Results

For the normal. loading condition, normal control configu-
ration for spinning, the seaplane model spun in an oscillatory
manner and recovery was satisfactory by rapid full. rudder
reversal. With the elevator in the neutral position, recoveries
were unsatisfactory. Setting the ailerons either with or
against the spin had little effect on the spin and recovery
characteristics of the model. Using smaller tail surfaces
than originally installed on the model (see sketch) had no
appreciable effect on the steady spins; however, the number
of turns required for recovery increased slightly.

Extending mass along the wings with or without a center
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SPIN DATA OBTAINED WITH THE 16-SCALE MODEL OF THE BOEING NB-1 AIRPLANE

Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spina]

Seaplane, normal

Seaplane, normal loading, large tail surface, loading, small Seaplane,	 AI X and AIZ = 0.15 IX,

wing tip float shingles attached
tail surfaces, wing tip float shingles attached,
wing tip float
shingles

large tail surface

Against with Against With
AS1®rove Neutral Neutral Neutral

15°II 10 5°U 5011 1031 15 II 15'U 10°U 1--U lOPU
150D 100D 50D 5°D 10°D 15'D lSoD lOoD 1§2D o

U

N N II N U U N D U N N 4 N D N D
Elevator (a) (a) (a) (a) (ab) (a) (e) (a) (a)

I
(e) (84

a, deg 54 S1 -- - 50 53 55 54 59 59 60 ____ 59 62 ---- 54 ---- ---- ---- 62 ---- ---- ---- ----

deg lOD BD ---- 9D 13D 13D 14D 18D 19D 20D ____ 15D 121D ---- 13D I ---- ---- ---- 14D ---- ---- ---- ----

il, rps 0.33 0.33 0.33 0.34 0.37 -0.40 0.40 0.39 0.42 ---- 0.34 0.40 0.49 ---- ---- ---- 0.43 ---- ---- ---- ----

V, fps 96 95 95 97 93 90 91 91 88 ---- 97 90 ---- 90 1 ---- ---- ---- 92 ---- ---- ---- ----

cI
Turns
for

c
x1^ -_--

1
22 ____ °1

1
14

1 -,,.- -_-„
t1'14 4 d 112 c	 a

d14
d -1
2

d 1
2

 1
4

be 3
l4 ____

- --- b^ cao

Recovery 2

Seaplane,
AIX and Ala =

0.30 I X Seaplane,	 AI X and AIZ = 0.30 IX, Seaplane, effect of mass variations
wing tip float e.g. moved back 0.09c, large tail and e.g. movements on the spin
shingles on, surface, wing tip float shingles characteristics of the model.
large tail attache¢ Elevator up, ailerons neutral,
surface wing tip float shingles attached.

Against with a,
de

0,
de
n
rod

V,
foe

Turns
for

recovery

rec
5°II 5°II	 0°II 0°U 15°II X and.AZZ = 0.60 IXAilerons Neutral, With Neutral
5°D 5°D	 0°D 0°D 15°D large tail surface

b 64 8D .4 91 over--

40° AI X and vId = 0.60 I0c
'Elevator U N N D U N II II N D U U N e.g. moved back 0.900

large tail surface
b 66 8D 0.4 90 ---------

a, deg 63 ---- --- --- 66 ---	 66 68 66 -- 60 66 66 -- AI X and AIZ = 0.30 IX

c.g. moved back 0.90c
small tail surface

a 68 12D .42 90 ---------

deg 12D ---- --- ---- 9D ---	 10D 13D 12D -- BD 14D 16D --
ay and AIZ = 0.15 IY b _._ ___ --_ ___ c 1	c3

il, rps 0.46 ---- --- --- 0.42 ---	 0.41 0.39 0.411-- 0.52 0.4 0. -- small tail surface 4

V, fps ---- 92 ---	 91 93 90 -- 81 92 92 __ AIY and AIZ =0.30 Iy b --- --- --- --- cl
all tail surface g

Tfora

±91

__- 011
21

4 4 c
c1 2-

c a moved back 0.09*
small tail surface

b ___ _-_ ___ _-_ 013

Recovery
^0 4 2 13 4 e.g. raised 0.05c

b --^ --4 small tail surface 14

Landplane, normal loading, Landplane, e.g. moved back O.O5c, Landplane, effect of mass
variations and e.g. movement

large tail surface AIX and AIZ = 0.30 IX on turns for recovery.
Recovery attempted by simul-

Against With Against with taneous reversal of rudder

Ailerons Neutral Neutral
and elevator.	 Elevators up.,

ailerons neutral, large15ou 15oU 15oU 15°II
15°D 150D 150D 15°D tall surface.

Elevator U N D U N U N D U N D U Ift 17 U N D AI	 and eIX	 Z-- o.ls I X 14

AIX and AIZ = 0.30 IX 1t
a, deg 60 -- 61 59 61 58 ---- 82 ____ _.__ 63 ---- ---- 64 61 ----

AIY and AIZ = 0.15 Iv 11
deg 10D ---- ---- 14D 111) 19D 15D ---- 7D ---- ---- IOD ---- ---- 12D -9D --- -

A Iy and AIZ = 0.30 ly 4-Il, rps 0.48 ---- --- .50 0.55 .52 .57 ---- 0.50 ----
-
---- .51 ---- ---- .53 0.58 --_-

c.g. moved forward 0.06c 11
2V, fps 95 _ ---- 92 86 92 84 --- 93 ---- ---- 88- ---- ---- BS 84 ----

e.g. movea back0.058 2

e.g. moved back 0.058
and raised 0.075

21 2
1
2

pp
8

Turns
for c l"Z

_-_- _ -®- 3 42 5 0 1
14 ---- __-® 8 8 .---

c.g. moved back 0.058
wt. increased 0.13 134

.Rsaovo 0 1 c
e.g. moved back 0.058 212 2 1{ c31 Co
wt. decreased 0013

NATIONAL ADVISORY
COMMITTEE FDA AERONAUTICS

*oscillatory spin.	 'Recovery attempted by simultaneous reversal of rudder and elevator.

bwing float shingles removed. 	 dFor attempted recoveries wing floatshingles were removed.

Owing floats removed.

fRecovery was attempted with model equipped with small tail surface and float
shingles removed.
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M C A  Rlwr No. LYE315 

~ 6 s ~ '  of Model Test Results 

In the clean condition, normal loading, and no& control 
configuration fo r  spinning, the model spun steeply with an oscillatory 
motion. Recoveries were satisfactory e i ther  by rapid f u l l  rudder 
reversal (1/2 turn) or by simultaneous reversal of rudder and 
elevator. With the elevator ei ther  i n  the neutral or down position, 
satisfactory recoveries generally could not be obtained. 

Setting the ailerons partly or f u l l  with the spin improved the 
recovery characterist ics~ of the model and a l l  recoveries attempted by 
sapid f u l l  rudder reversal were satisfactory, regardless of elevator 
setting. Setting the ailerons partly or  f u l l  a ty~ins t  the spin had a 
d e t r d n t a i  effect c,n the recovery characteristics of the model and 
satisfactory recoverfes by rapid f u l l  rudder reversal could be 
obtained from the esevator-up spins only. 

Extending or retract ing the mass along the wings (q and 
AIz = 0*25 Ix or -0.22 I~), along the fuselage ( D I ~  and 
AIL = 0.25 Iy or -0 . lo I~), or moving the center of gravity 

f onmrd 0.08E or back 0 .lo8 from its normal location had l i t t l e  
ef fect  upon the spin and recovery characteristics of the model. The 
recovery characteristics of the model i n  the landing condition 
(landing gear extended, f laps  down 4b0) were similar t o  those obtained 
f o r  the clean condition, n o m l  loading. 

Recoveries from a l l  inverted spins obtained were satisfactory 
by rapid f u l l  rudder reversal except when the ailerons were wlth the 
spin and the elevator w a s  up. 

In an endsavor t o  improve the recovery characteristics of the 
model, areas were added fom~ard of the f i n ,  and t o  the top of the 
original f i n  afld rudder, and the rudder was extended downward to  
inclu.de the lower past of the fuselage rearward of the hinge l ine . 
(See sketches. ) These modifications were generally ineffective 
(data not presented). The addftion of antispin f i l l e t s  (modifi- 
cat iom 1 and 2 )  or ventral f i n s  (modifications 3 t o  7) impro~ed 
the recovery chxracteristics of the nodel with best recoveries s t i l l  
obtained when. the ailerons were f u l l  with the spin. 

Recoveries from spins with the node1 tested at  an alternate 
equivalent test al t i tude of 25,000 f ee t  were slower than recoveries 
from the correspondfng spSns at  the equivalent test al t i tude of 
10,000 f ee t  used f o r  the t e s t s  previously discussed. 

NAT118NAt. ADVISORY 
CODJ~H~TBEL FOBa AERONAUTICS 
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SPIN DATA OBTAINFD WITH THE +-SCALE MODEL OF TRE CURTISS-PIRIGAT SNC-1 AIRPLANE 

[un less  o t h e r w i s e  indicated s t e a d y - s p i n  d a t a  a r e  f o r  rudder -wi th  s p i n s  of t h e  mcdel I n  t h e  c l e a n  
c o n d l t l o n  and r e c c v e r l e s  :ere a t t e m p t e d  by r e p l d  f u l l  r u d d e r  r e v e r s a l  from r i g h t  e r e c t  sp1ns.J 

a ~ s c l l l e t o r y  spin. NATIONAL ADVISORY 
b%o types  of s p i n .  c ~ ~ + ~ I T T E E  FIX AEROWAUTICS 
cSteep  s p l a .  
d ~ e c o v e r y  ~ t t e m p t s d  by r u d d e r  n e u t r a l i z a t i o n .  
e ~ e c c v e r y  a t t empted  by f u l l  s lmul t sneous  r e v e r s a l  o f  

rudder  and e l e v a t o r .  
f ~ ? d e l  goes  i n t o  s p i n  i n  o p p o s l t e  d l r e - t l o n  a f t e r  recovery.  
EReoovery a t t empted  by r e v e r s a l  of rudder  from f u l l  r l t h  t o  

Z / j  e g o l n s t  t h e  s p l n .  
h ~ e c o v e r ~  a t t empted  by simultaneous movement of r u d d e r  from 

f u l l  wlth t o  2/3 a g a i n s t  t h e  s p i n  and e l e v a t o r  from 2/3 
up t~ n e u t r a l .  

i ~ e c o v e r y  a t t empted  by s l n ~ u l t a n e o u s  movement of r u d d e r  f u l l  
w i t h  t o  2/3 a g a i n s t  t h e  s p i n  and e l e v a t o r  from Z/j  up t o  
f u l l  down. 

jhlodel goes  i n t o  an i n v e r t e d  s p l n  a f t e r  r e c o v e r y  from e r e c t  
sp in .  

k ~ e c o v e r y  a t t empted  by  s l n u l t a n e o u s  n e u t r a l l z a t l o n o f  nxlder 
and e l e v a t o r .  

z ~ o d e l  r e c o v e r s  In  s p l r a ~  d t v e .  
W s c l l l a t o r g  and wander lag  s p i n .  
"Reoovery a t t empted  be fore  f i n a l  s t e e p  a t t l t u d e  was attained, 

v i s u a l  o b s e r v e t l o n s .  
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SPIN DATA DETAINED KITH THE I -SCALE MODEL OF THE CURTISS-WRIGHT SNC-1 AIRPLANE - Concluded

Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins]

Landing condition, normal loading Inverted spins, normal loading Normal loading,
modification 1

Against

Fu
1	 1Ailerons Against Neutral With Against Neutral With Neutral

Elevator
oII 0 ! e

U
N

D
U N D U N D U N D

s
N D D ?U U D

b b

a. deg 63

o	 3U

S

i	
11

74 70 ---- 71 °-- 67 36 ---- ---- ----
N
O
s

i

N
o
S
P

N
0
s

1

---
N
0
s

i

N
0
s

i

42 36 24 63 40 38 ---

V, deg 4U 4U ---- 2U --- lU 5U ---- ---- ---- -__ SO 10D 70 4U 2U 3D ----

ta,	 rps 0.48 0.56 o.53

_
---- o.56 --- 0.52

_.
0.71 ---- ---- ---- --- o.13 0.51 0.68 0.50 0.45 0.42 ----

V	 fps 1 2 11 1 227 119 20 1, 121 158 -200 >200 22 16 1 221 12 16 17 ---
In n n n n n

^QTurns

1 ni Jnl d4 dao 81 1 q1for f 3 as o0
fnl

4
612 4 8 11

^+ 2 E _̂2^ 2
1 2 w g11 1 ---

recovery ki
rj 24 d4r d14

Normal loading, Normal loading, Normal loadin Normal loading Normal loading
b

Normal loading.
modification 2 modification 3 modification modification 5 modification modification 7

Against Against Agains Againa Againat Againa
Ailerons Neutral Neutral Neutra Neutral Neutral 'A thFull

1 1 Ful
1- F

1
 _ Full 1 Fal 1

- Fvll 3

Elevator
( 8 ) 3 U

U N D D ?U U N D D zU U N D D ZU U N D N D ZII D ?U U D D
(a) 3 3 (a) 3 (e) 3 3

a, deg 581 41 34 - - 62 38 39 - - 3e 38 36 - -	 39 37 3 - - --- --- ------- --- --- --- --- ---

V, deg 6U 2U 0 -	 -- U IU 1D - - 6D 2U 0 - -	 673 3U 2 - - --- --- ------- --- --- --- --- ---

R, rps 0 .48 0.44 0 .44 -- -- 0.51 0.44 0.42 - - 0.52 045 D.4 - - 0.%0.45 045 - - --- --- ------- --- --- --- --- ----

V, fps 134 158 178 - -- 129 173 173 - - 160 168 173 - -1160 173 186. - - --- 121 165 165 168 175 --- 181

Turns
for oo B12 1 -- -- 54

g4
1 11 - - gl 1 - - J11 93 3 - - --- 72 914 1 91 1 --- 1

recovery 4 4

Normal loading, equivalent test altitude Normal loading
teat altitude

eqquivalent
5,000 feet

Normal loadi K
lent test altl

egviva
Eude

25,000 feet

Against

Ailerons Neutral With Neutral Against Neutral1 1
Full - Full -

Elevator U
e e

2U U N D U N D U	 N U N D U N N U N
thl

a, deg 42 1	 70 72 69	 - --- 38 67 62 ---- ---- ---- ---- ---- ---- ---- ---- ---- --- --- --- --- 36

V, deg 3U 1	 0 2U 0	 - --' I	 2D 0 1D ---- ---- ---- ---- ---- ---- ---- ---- ---- --- --' --' I --- 2II

Q, rps 0.39 0.58 0.29 0.54 0.42 0 .54 0. 54 --- ---- ---- ---- ---- ---- ---- --- --- --- --, 0.49

V, fps 218 163 168 163 210 222 168 168 >227 ---- >254 198	 173 202 216 210 ---- --- 173 227 227 227

Turns
for 11 cU ao g >9	 g13 13 el ao ---- ---- B

1 6
9>'.11 it 2 ---- --- 4 11 1 11

recovery 4 4 4 2 22 7 "!+ 2 2 4
Normal loading, equivalent test a	

i	 r	

NATIONAL ADVISORY
altitude 2	 OCO feet

Against

modification 7
bTwo typesof s spin.	 COMMITTEE FOR AERONAUTICS
CSteep spin.Ailerons

1	
Neutral dRecovery attempted by rudder neutralization.

Full 3 ORecovery attempted by full simultaneous reversal of rudder and
elevator.

goes into spin in opposite direction after recovery.Elevator U N
D

2
11 U

N
b be b b3

9Model
Recovery attempted by reversal of rudder from full with to 2/3
against the apin.

JModel goes into an inverted spin after recovery from erect spin.
kRecovery attempted by simultaneous neutralization of rudder and

elevator.
mOscillatory and wandering spin.

final steep attitudo was attained,nRe
visual

a, deg 40 62 - 67
_

42 42 64.

de U U U 2U 2D 1D

S1, rps 0.39 .50 -- 0.51 .43 0.4 0.5

rWand

V, fps 215 178 173 218 222 173 216 observationsfore
OTwo conditions possible.Turns

for 1
4

--
ou

914 11
4

Pering spin.

recovery 2 2 2 rRecoverya attempted by neutralization ofrrudder and elevator.
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Ineffective tai/ modifications Tested on SNC-/mode/

Modification 3 4 and 5
Areas (F"/ JCo%)
Mod. s, /.2o sq. &
Mod 4, 2 O .rg ft.

Mod. s 2.60 sgft

4	 LJ LS

ModMicotions 6 and

Mod. 6	 Fin area - 0.7sgft.
Rudder area -04sq.ff.^ 

rMod. 7 Fin area • 3.0sq. ft
Rudder area-a8--4H
(Areas full scale)

Mod. 6	 U
7

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



W,

(Full Scale)

b,	 ft	 .	 .	 .	 .	 .	 .	 a . 123.00
L,	 ft	 .	 .	 .	 .	 .	 . .	 . 94.92
B-,	 in.	 .	 .	 .	 .	 .	 . .	 .	 . 177.78
S,	 sq ft	 .	 .	 .	 .	 . .	 .	 . 1660900
A.	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 . .	 9.11
Sh,	 sq ft .	 .	 ,	 .	 . .	 .	 . 454.70
Se ,	 sq ft .	 .	 .	 .	 . .	 .	 . 112.00
Sv,	 sq ft (3 tails) .	 .	 . 230.40
Sr ,	 sq ft .	 . . . 87.60
br ,	 deg .	 .	 . .	 30 R, 30 L
be,	 deg	 .	 .	 .	 .	 .	 . .	 40 U, 20 D
Sa,	 deg	 .	 .	 .	 .	 .	 . .	 25 U, 10 D
bf , deg;

At root	 .	 .	 .	 . .	 ,	 , . 39®75
At tip	 .	 .	 .	 .	 . .	 .	 . . 42.25

TDPF	 .	 .	 .	 .	 .	 .	 . . 1160 x 10 ®6
Landing gear	 . . . .	 . Tricycle

NACA RM No. UE 15
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5 -SCALE MODEL OF THE LOCKHEED XB-2 AIRPLANE

Dimensional Data

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
r

Mass Data

Normal Loading

W, lb .	 . . . .	 . 69, 600
x/s ... . . .. . . . . . 0.249
Z /c . . . . . . . . . . , . 0.193
IX, slugs-ft2 . . . . . . 804,263
IY, slug-ft 	 ® . . . . . 47°,793
IZ , s lug-f t2	. . . . 1,259,518
Test altitude, ft . . . . 25,000
µ (at sea level) . . . . . 4.46
W (25,000 ft) . . . . . . 9.95
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Resume"of Model Test Results

For the normal loading, clean condition, and normal control
configuration for spinning, the model spun at a very steep attitude
(m = 240) with a high rate of descent (356 feet per second, full
scale) and recovery by rapid full rudder reversal was satisfactory

^
Xturns . The model would not spin for any other aileron-

elevator setting except with the elevator up and ailerons with the
spin. Recovery from this spin was satisfactory only by rapid full
elevator reversal or by simultaneous rapid reversal of the rudders
and elevator.

Results obtained with changes in mass distribution or of the
center-of-gravity position indicated no appreciable effect on the
recovery characteristics of the model.

Lowering the landing gear (data not presented) or extending the
flaps had little effect on the recovery characteristics of the
model®	 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 5Q -SCALE MODEL OF THE LOCKHEED XB-2 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder -with spins of the model in the clean
condition and recoveries were attempted by rapid full rudder reversal from right erect spins

Normal loading Effect of various control manipula- Effect of mass changes and e.g.
t ions on turns for recovery from
the aileron-with, elevator-up
condition, normal loading.

movements on turns for recovery':

ainst With Ailerons With
Ailerons Neutral

Full
_ Full

Recovery attempted by:
Turns for
recovery

Elevator U N D'.
U N D U	 U D U I	 U U N D AIX	 and	 dig >2 a

Elevators (a) (a) (b) = 0.0 I 2
-_ _-

Reversing the . elevator from
00 U	 to	

170 D 1
lg

a,	 deg
N N N

2La
N N N

27 32 -
N

AIX	 and	 AIZ >21

g
e__ --

Simultaneous reversal of = 0.18 Ix
deg o o	 0 o	 lU o a 1D 2D - o rudder and movement of

elevator from 400 U to 100 D
11
2

AIX	 and	 AI
=	 I

l l
2

f
rps

s

p

s	 a

p P

0.32
s s

p p
F318

 .31 0.26 - -0.j

fps
a

356
P	 l

'

315 273 -
a Simultaneous neutralization

of rudder and elevator 2 ply	 and	 AIZ
= 0.151y

2
gil

11,
2

f
l l p

Neutralization of elevator 5, m
AIY
	

and	 AIZ >2 2 l --
i i	 i 1 i	 i >22 > 22 - i

theTurns
for

recovery

n n n n e
ea

n n n Releasing	 rudder OD = 0.30 I

Releasing the elevator ep c.g. moved forward

and67AI

1
>2^ h__ '-

'Y
dm =0.0812

Rudder originally free c.g. moved back I'll
0.06`c

>2 
2`- 2

Flaps down, normal loading aTwo types of spin, flatter spin usually obtainable.
bUnstable spin, . model generally steepens and recovers of own accord.

Ailerons Against Neutral With
°Recovery attempted by releasing the rudder.

ALiLlADVAISOAIRY
dNodel would not recovery with rudder free. [ONATIO

U N D U N D U N	 DElevators I

i b i eSteep spin.
fNo spin.

gRecovery attemptea by simultaneous reversal of rudder and elevator
a, deg

N N N N N
40 35	

N
0, deg o

s

p

1

0

s

p

i

o

s

p

1

-

-

0

a

p

1

o

s

p

1

5D 3D 	o hVelocity too high to test.
'Wandering and oscillatory spin.
JRecovery attempted by simultaneous reversal of rudder with movement of
elevator from 1{00 0 to 170 D.

rps 0.24
0. 37 	s

V, fps 241 257 p

Turns >2j ---	 1
for

recovery n n n n n
J12

n
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1
60 SCALE MODEL OF THE _FAIRCHILD %C-82 AIRPLANE

t e% kinge
Dimensional Data

(Full Scale)
12o*A P7 1';I- 74"

z6°-

/78M

b, ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 106.00
L, ft	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 75.92
c, in.	 .	 .	 .	 .	 .	 . .	 .	 .	 167.20
S, sq ft	 •	 .	 .	 .	 . .	 . .	 1L00000
A. .	 .	 •	 .	 .	 . .	 °	 8.01
Sg, sq ft .	 .	 .	 .	 . .	 .	 250.00
Se , sq ft	 .	 .	 .	 .	 . .	 .	 .	 97°50
Sv, sq ft .	 . 166.00
Sr , sq ft .	 .	 . °	 86.30
Gr, deg	 .	 .	 .	 .	 . .	 35 R, 35 L
Se, deg	 .	 .	 .	 .	 . .	 35 U, 25 D
Sa, deg	 .	 .	 .	 .	 . .	 24 U, 12 D
8f, deg	 .	 .	 .	 .	 . .	 ,	 45
TDPF	 .	 .	 .	 .	 .	 .	 . .	 . 94 x 10-$
Landing gear	 . . . .	 .	 Tricycle

Mass Data

Normal Loading

L k/mw H r'	 /0.80° 

of 
40%G^

15.8-at 4D/, a
^-560=—°^

W, lb . . . . . . . • . . 41, 945
x/c . . . . . . . . . . .	 0.272
z/a . . .	 . . . . . . . -o .072
IX, s lug-f t2 . . . . . . 285,200
Iy' slug-f t2 . . . . . . 138,000
I Z, slug-ft2 • . . . . . 414,500

Test altitude, ft . . . . 45,000
µ (at sea level) . . . . . 3.70
9 1 (45,000 ft) . . . . . . 19.20 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Resume of Model Test Results

Setting the ailerons with the spin flattened the spin and
impaired the recovery characteristics of the model, whereas
setting ailerons against the spin steepened the spin and improved
the recovery characteristics.

Extending or retracting the mass along the wings (AIX and
AIZ a *0.40 Ix) had no appreciable effect upon the recovery
characteristics of the model. With the center of gravity moved
back 0.106 from its normal position, in conjunction with an
extension of mass along the fuselage (dly and QT Z = 0.52 Iy),
spins were obtained for all control configurations and recoveries
were generally satisfactory by rapid full reversal of the rudders.

The recovery characteristics of the model in the landing
condition (landing gear extended, flaps down 45 0) were, in
general, similar to the recovery characteristics of the model
in the clean condition.
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SPIN DATA OBTAINED WITH THE 60-SCALE NODEL OF THE FAIRCHILD XC-82 AIRPLANR

CUnless otherwise indicated, steady-spin data are for rudder-with spina of the model in the clean condition.
and recoveries were attempted by rapid full rudder reversal from right erect epinsi

Normal leading AIX and AIZ = 0.401x AIX and AIZ = -0.40 Ix,

Ailerons AralnA I Neutral With Against Neutral With Against Neutral With

Full IT, 21 3 Full Full Full

Elevator U N D U U N D U N U N D U N D U N D U N D II N D U II N D 9 U S D''
s s o a( a c (ac (as)'

a, deg 19 N N

0 °

S S
P P

- 23

N
0

N

0

31 29 50 47 N 21 --- N --- - N

-	 0

-	 S
P

56 52 47 25 23 N 26 25 21 --- --- 53 46 24

deg 711 2U 2D 2D 3D 2D 0	 617 -- o --- 3D 2D 2D 2U 6U 0 9U

035
P

7U 7713 -- --- 6D 5D 0

. it	 rpa 0.27 - 0.33 --- --- 0.29 0.35 S 0.40 --- S --- 0.30 0:90 0.36 0.33 0.39 S 0.36 0.46 --- --- 0.29 0.33 O.W
P p

V	 fps 551 1 1
n n

- 516 s
p
1

s
p
1

408 430 32 20 1 574 -- 1551 -	 1
n

15 36 42 59 82 1 59 447 482 93 --- 32 26 397
l 1

4+l
n n

>4
n

Turns
for I 1 n

-n
3

'-_
de 3

, 3 1
-- '-'

1-
^

a3 1 1 3 3 1
---L>5 > 31

03
'lY 7 e 2 ^' 2•$ 1L 4recovery

b8
2t $

e.g. moved back 0.10F, Landing condition, s
AIi and AIZ = 0.521y normal loading b0acillatory spin.

Recovery attempted by neutralizing
.,	 rudder.
Wandering spin.
Recovery attempted by simultaneous full

Ailerons Against Neutral With Against Neutral With

Elevator II N D U N D U N D U N D U N D U N D
(af) (a) (a) A (c) (g) a	 reversal of rudder and elevator.After recovery model goes into an

f	 inverted spin.
Wide radius of spin. 
8Very steep spin, recovery would

undoubtedly be rapid.
hRecovery at t empted by simultaneous

neutralization of rudder and elevator,
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

a, deg 38 28 26 54 51 44 55 54 51 22

5U

465

--

--

=-

N
0

S
P
in

22 18 N
o

S
P
1n

50 44 --

deg 6U 8U 9U 3D 2D 2D 5D 4D 4D lU 271 3D 3D --

S2, rps 0.19 .3 0.36 0.22 0.24 0.28 0.22 0.25 0. 0.47 0.44 0.29 0.32 --
V, fps 424 470 447 326 332 32 326 315 328 459 540 32 32 --

1
Turns 1 1 e l 1

lg
e2

3 2
e ĴL 1 -- 3 1 >4 2 -

fove
lad 2

1-4 'g rl



Dimensional Data

(Full Scale)

b, ft .	 .	 • • . •	 e •	 .	 o • 95.00

L, ft •	 . . . 64946
L",	 in.	 o	 . . . .	 .	 . 138 ° 10
S, sq ft • . .	 . 987.00
A	 ........ ..... 9.15
L.E. o aft L . E. cr, in.	 . . 31°90
Sh, aq ft . . . .	 • o	 o	 . 200.40

Se, sq ft • • • .	 . •	 .	 . ..80.00
Sv.9 sq ft . • • o	 . .	 .	 o • 85.60

Sr, sq ft . o . .	 . o	 .	 . • 46.00
br , deg . . o . .	 . .	 30 R, 30 L
8e , deg o	 . . . .	 . .	 30 U, 20 D

8a, deg . o • • .	 o .	 25 U, 15 D

TDPF	 . . . o . .	 . .	 .	 13 x 10
-6

Landing gear . .	 . . Retractable

NACA RM No. L7E15	 409

1 -SCALE MODEL OF THE DOUGLAS DC-3 AMPLAKE
23.75

t

L* f lap

5°

32.5T

	

Fus.	 2.31y

	

ref. line	 i9.83°
.s7°	 2.04"	 X71"

.42'
2°incidence	 it rudder

huge

Mode/ os tes ted.

Mass Data	
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Normal Loading

x, lb. • . . . . . . . . . 25,554
^ . . . . . . . . . . . . 0.247̂ . 7
z,,'e—........... —0.116
Ix, slug-ft2 • . . . • • 66,67o

Iy, s lug-ft2 0 . . o • . 91. 690

IE, slug-ft2 . o . • . . 150,400
Test altitude, ft . . . . 10,000
µ (at sea level) . . . . 0 3.56
µ+ (100000 ft) . . o • • • 4.84

Preliminary Normal Loading
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Resume' of Model Test Results

For the clean condition, normal loading, and normal control
configuration for spinning, the model spun steeply (a = 350)
and recovery by rapid full ruddier reversal was satisfactory.
Neither aileron nor elevator setting had any appreciable effect on
the satisfactory recovery characteristics of the model.

Extending mass along the wings (AIX and AIZ = 0.40 Ix)

produced unsatisfactory recoveries by rapid full rudder reversal
from the elevator-up spins, ailerons either neutral or full with
the spin; however, with the elevator in the neutral or full-down
positions, the model would not spin for any aileron setting.
Extending mass along the fuselage (4IY and &-1Z = 0.25 Iy)

enabled satisfactory recoveries by rapid full rudder reversal to
be obtained only when the ailerons were full with the spin or the
elevator was full up. A forward movement of the center of
gravity 0.158 from its normal position caused the model to spin
only for the elevator full up, aileron neutral or full-with settinE
A rearward movement of the center of gravity 0.068 from its
normal position had little effect on the recovery characteristics
of the model.

The model would not spin inverted with the ailerons in the
neutral position (data not presented).

The load factor presented for each spin has been computed as
the recii)rocal of the sine of the angle of attack, based upon
the assumption that the resultant aerodynamic force in a spin is
normal to the wing chord. The test results indicated that, in
general, the load factor probably would not exceed 3.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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SPIN DATA OBTAINED WITH THE 23175 SCALE MODEL OP THE DOUGLAS DC-3 AIRPLANE

[Unless otherwise indicated, steady-spin data are for rudder with spina of the model in the clean
condition and recoveries were attempted by rapid full rudder. reversal from right erect spins at
an equivalent test altitude of 10,000 feet]
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Normal loading AIX	 and	 AIZ = 0.20 IX AIX	 and	 AIZ	= 0.49IX

Ailerons Against Neutral With Against Neutral With Against Neutral With
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0

a

P

1

- N

0

s
P

1

N

0

s

p

1

29

60

N

0

s
p

1

N
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deg - 8u 8u 8U 8U 4D 3U 5U - 7U 3D 4U _ 3D

rps - 0.3 0.36 4 .36 0.28 .36 0.40 - 0. 29 0.38 - 0.29 0.28
V, fps - 138 138 172 148 144' 172 172 158 - 199 172 - 206 172

Turns fo _ 314 1iZ 1 1
1
4 11 1 1 1

- (^y J2 1 - >24 X24recovery n n n n n n n n n n n

LYactor - 1.22 1.20 1.73 1.36 1.29 1.62 1.71 1.69 - 2.01 1.57 1.6 8 - 2.0 1.6J

AIY	and	 AIZ = 0.251Y AIY	 and	 AIZ = -0.181Y e.g. moved forward	 0.15c
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deg 6U 6u 6U 4U 5U 5U 5D 2U 4U - 5U - 2U

f2, rps 0.24 0.35 0.3	 0-240-34 0.34 0.25 .33 0.34 - - 0 ' 36
V, fps 19A 121 121 190 121 121 182 172 161 193193 - 178

2 41 41 1 442 1 1 2L
4

-12 121 >2 _ 14

Turns
b 'L
4

b i b
44 >2 b74 b 54 b

J2
b 2 b14

n n
4
n n n n n n n n n n n

for
recovery °) 8 °71 552 °32

M
d00 do,

1.e 1 4
Load
factor 1.76 1.08 L 11 1.71 1.12 1.14 1.69 1.62 .56 - 1.36 1.71 -

1
1-73

1 1

Effect of control settings and mass changes on turns for recovery
foP the preliminary loading condition; equivalent test altitude, 2500 feet

c.g, moved back	 O.06c
Preliminary	 AI and	 AI

X	 Z AI	 andY	 AI Z e.g. e.g.g. e.g.c. Y and AIZ
normal

c
vedmoo moved moved = 0.281q

loading = 0.231X = 0.4027 forward forward
0.o6c J.15c backs c.g. moved

back 0.08c

Ailerons Against Neutral With Neutral Neutral Neutral Neutral Neutral Neutral Neutral

Elevator ' U N I D I	 U N U I 	 N U U N D U N D II I	 N D U N D U N D U N D U N D
h

a, deg	 d 32 44 144 131 46 38 135 126 136 N N
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P P	 219
1 1
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38 55 51
yf, deg 6u 8U IllU 8U 10U 5D 13U 9U 3U 6U 0 8U 6U 5U 3U 0 3D SU

R, rps 0.27 --- --- 0.26 0.33 0.27 0.37 0.30 0.29 -- 0.23 0.3 J.32 w__ 0.25 0.20 0.29 0.30
V, fps 193 154 151 2o6 154 178 172 202 -16-4 172 144 138 2o6 171 156 127 131

Turns fo x
2 12 --

4
1 C --- 1

2 4
nn 2 a n _- 1

2
Z nn n n n 4 n n 1 116 12recovery

Loa 1.88 1.881. L7 1.9 .732.291.'0 2.421.3 9L64 1.681.60 1.5 1.99 L.7j 1.62 1.22 .29

aToo oscillatory to test.	 °Recovery attempted by neutralizing the rudder and elevator.
bRecovery attempted by neutralizing the rudder. 	 !Model oscillatory in pitch.
cRecovery attempted by releasing the rudder. 	 gSteep spin or spiral.
dRecovery attempted by releasing the elevator. 	 hTwo types of spin.
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ABSTRACT

A compilation of free-spinning-airplane model data on the spin
and recovery characteristics of 111 airplanes is presented. These
data were previously published in separate memorandum reports and
were obtained from free-spim-Ung tests in the Taangley 15-root and
the Langley 24 foot free-spinning tunnels. The model test data pre-
sented include the steady-spin and recovery characteristics of each
model for various combinations of aileron and elevator deflections
and for various loadings and dimensional configurations. Dimensional,
data, mass data, and a three--view drawing of the corresponding free-
spinning tunnel model are also presented for each airplane. The
data presented should'be of value to designers and should facilitate
the design of airplanes incorporating satisfactory spin--recovery
characteristics.




