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l?REIiIMIKARYSTABILITYAND,CONTROL TESTS 11?THE

NACA FR~E-FLIGHTWIND 9!UIT1U3LAND CORRELATION

WITH FuLL_s.(jALJjFLIGHT TESTS

By Joseph A. Shortal and ClaytonJ. Osterhout

SUMMARY

The Study of stabilityand control of airplanesby
means of dynam$c scale models in the lTACA12-foot free-
flight wind tunnel is described, Preliminarytests of
a l/’l2-scalemodel of the P-36A airplanewere used to de-
velop the testing techniqpeand to afford a com~arison
of tests of a model in the tunne~”wit_h’fl~g%i”%ests”of
the correspondingairylane. Qualitatively,the general
behavior of the model was in agreementwith tkebehavioi”

.—.——

of the airpla-ne,but,a “quantitatively,.the longitud~na~
stabilityof the model vaa gree.tcrthan that of the ~ir-
plane and the aile:on contro$.waasomewhatweak”er. ~l.=. .

4 quantitativedlsagz!eem?nt.1sprobably a ~esult O-Ylocal”
separationdue,”to the low Re~noldsnumbers of “Fhek~sts~
which affectsa direc,tcompar.ls~nwith full-scaletests
but whichshou~d not.vitiate comparisonsof dif-fer6nt=ru6d=-

f~ els or nodifica.tionsto a.given mod.e,l.It iS “%Oii&Ve~” .-

, that thq fre.e-fligQt.:tunnelaffords a useful means of d6-

C t’erminingthe”re~,ativestakili..tyan~ control c,h&ractGr5i”-
tics of di.fferkn$,nodels and that it will be particularly
useful in the developmentof new airplanedesigns.

.

‘IXTRON3.CTIOU

0

The advancementof the,art of designingairplanes,
particularlynew types, that will have desired flying
c,har.acteristicshas long been handfcapp6d“bythe coiiplex-
ity of .s-tabilityand .contr.oltheory and by the current
unpredictablenature of some of the fundamentalderiva-
tives involved. Realizing the advantage of being-ableto
study stabilityand control problemswith a’free-flying
model in the controlledconditionsof a wind tunnelj the
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NACA in 1937 comp~e.tedthe developmeqi.of a 5-foot free- . ● _.
flight wind tun~el and in 1939 constructedthe present
12-foot free-fltghtwind tunnel in which a dynamicmodel

,*

may be flown under control. Var$ationof Rny d.imenslon
of the model cfinbe readilyaccomplished,and the effect a
on the flyir.gqualitiescan be””deter”mlned.Models of pro-
posed airplanescan also be inspectedand undesirable
~tabilityor controlcharaoter.fsticscan be discovered
nnd correctedin the initialdesign stages.

Uhls report describesthe operation“ofthe 12-foot
free-flightwind tunneland presentssome resultsobtained
with a l/12-sca.lemodel b-fa P-36A airplaneequippedwith
a motor and a propellerfor power-ontests- A comparison
of these results with full-scaleflight tests of the P-.35A
airplane is given and.discussedin some (let.ail.The short-
comings,as well as the usefulaass,of the tunnelare thus
evalua”tod. ,.

.-

Yhe NAGA free-flight--+-mnelIs a simple open-return
i—

-tunnelof octagonalcross sectiou,12 feet wide at the
●

throat and 32 feet long. A drawingof the tun~?l is given
in figure 1. Tha tunae:is so arr-an~dthatits longitu-
dinal axis,

●
and thus the air stream,may be inclinedat

differentanglee to the horizonlnrl,A hydraulicjack-pro-
vides controlover the tunnel angle. SuitRbleguide vanera
and screensare i.nstall..edin the entre,ncecone of the tun-
nel to insureuniformair-flowdistribution. The housing
is spherical;so the relationof the tunnel to the wall
does not vary with tunnel angle. The tunnel is equipped
with a-voltagecontrolfor tilepropeller-drivemotor that
providesan extremelyflexitl.eair-speedregulation. A
photographof the test section of the tunnelshowima model

tbeing adjusted%efore flight is given in f~~ure 2 a) and a
model in fligh% is shown in figure 2(b).

A tunnel’operator,stationednt the side of the tunnel
test chamberadjusts the air speed In the tunnel to the

, speed of t-hemodel and accommodatesthe tunnel angle to
the flight-pathangleof the model. The.operatorthus
controls“thelongitudinal and the.verticallocationof the
model in the tunnel. :1’krisoperatdralso,aontralsthe..
??Q-we.rinPut to.themodel for poweredfli,,;ht..

b
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The direction.of flight-ofthe model or the lateral
position of the model in-the tunnelis co-iitrolled“DYa
I’pilot”who operatesthe normal air~lanecontrol surfaces
by mee.nsof electromagneticmechanismsin the model. The
power is suppliedto these mech-anisms,as ken as to the
model propeller-drivemotor, througha light flexiblecable
that trails behind the model. ‘“ ..

The pilot is the princi~alobserverbecause he has
control of the model and can detect deficienciesin sta-
bility or control. The pil.otfsobservationsgive a direct
qualitativeindicationof the stabilityand coritrol;rec-
ords from three 35-millimetermoving-picturecamerasmount-
ed to photographthe motion o? the model in three mutuklly
perpendicularplanes supply quariti-tativedata on the sta-
bilit~-characteristics“ofthe model and its responseto
control displacements- Neon lamps in the common field of
the three cameras indicatethe controldisplacement.

Yhe tunnel may be operatedat air speeds from O to
90 feet per second a~d can acc-ommodtits--glid.eangles of
400 or climb angles of 150. ‘i!heoperatingtechniquewill
be illustratedby Cescri?)inga typical take-off. Assume
that the desired test is to be made a% cruising-spee”d
level flight. The model r“e”stson-%he floor with the wheels
locked to prevent rolling and with the elevatorsset at
the proper angle for ‘thedesired Ylight”.‘power is supplied
to the model proyellerand the air speed in the tunnel is
S1OWI7 raised. ‘Thetail of the model rises and, when the
estimatedflight speed and flight power are reached,the
pilot moves the elevatorup momentat.il-y’%-o”“o+edcotibthe
ground effect, and the model rises to the center of the
tunnel. If the estimatedair speed and”po~~erare~orrect
for the particularelevator setting,little further adjust-
ment is requiredfor stea”d”jrflight. The pilot then flies
the model.in the test section and notes the stabilityand
the responseto controlmovements.

w weight

s wing area

b wtn.gspan

t time

.-.
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. . . ‘? period of oscillation,

,.
CL lift Coeffiqiellt

CD drag coeffieie’nt.

6* aileron deflection

,.ee elevatordeflection

~r rudder deflection

a angle of attiaok

# angie of bank

e angle of pitch

P angle of sideslip

‘# angle of yaw

c= yawing-momentcoeffi.oient

Cnfj directionalst~bility(~Cn/~p)

P rollingvelocity

r

.x
,,

Y

pitchingvelocity

yawing velocity

Iongitudiriqlposition

lateralposi,tion

verticalposition

.,

moment of inertiaabout X axis

moment of inertiaabout Y axis

moment of inertiaabout Z axis

..

,
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The models used in the free-flighttunnel are dynamic.
scale models of the correspondingairplane. The normal
span used is shout 40 inches,which establishesa noirnal
scale ratio of about 1:12 for single-engineairplanes.
For this size model, it is possibie to o“titainthe correct
weight and the weight distri.bntionby using practically
solid balsa wings with a hollow balsa fuselage, The elec-
tric drive motor for the propellerweighs about as much,
i.nproportion,as the airplane engine plus the disposay :
ble load; stithe mass factorswork out correetly. The
particulardetails to be consideredw3.11be shown In the
followingdescriptionof the CurtissE-36A airplanemodel,
which has teen tested in the iunne~ for ?levelopmentof
testing techniqueand correlationwith full-scaletest re-
sults. — .-

The dynamicmodel of the P-36A airpie,neused in the
“investigationwas 1/12 scale and was constructedof balsa.
A three-viewdrawing is given in figure 3 and a photograph
taken before the motor was installedis rep’od.ucedas fig-
ure 49 The dimensionalcharacteristicsof the airplane
are given in table 1. In preliminarytests made before the
motor was installedin the model, the diract scaled-down
values of weight and moment of inertiawere used. After
installationof the motor and the propell~r,.htiwever,the
weight.of>the model slightly increasedand the moments of
inertiawere correspondingly increasedso that the model
then correspondedto the airplaneflyiag at an aitituie
of 6000 feet; The wing Ioailingsand the momeai-of-in6rtia

(

errors are given in table.11- The ge~eral relatioti~of
the dimensions,the mass, anELthe motions o’fdynamically
similar airplanesare given Ln table 111. The relations \
for the l/12-scalemodel are also shown. )

.,

In power-on tests, the model prop.el>8ryas driven %Y
a direct-currentelectricmotor”capahleof deliyer~ng1/8
horsepowerat 15,000 rpm.. The powerwas controlledb?’
varyin6 the input vol,ta&&from lT$o 150 volts. A Gear ‘
ratio of 2.44:1 was used bet~e”enfhe motor.andthg propeller
so that the V/nD ratios of.themodel would.apFro,xi~ate
those of,the airplane. The propellerstierenot exact
scale models of,,theairnlanepr~pel].ers+,btii&e2e two-blade-,.
wooden propellers of the correctdiameter,s~lec~~ %“&cau”se
they were easily obtainedin the quaptf~iesrequired. On
account of the nature of the tests, in which crasheswere
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frequent, 20 propellerswez’e“requiredto complete the
tests. This departure from true scale was acceptedbe-
cause other tests had shown that the effect of”power on
the stabilityand thecontrol of an airplane is primarily
a function of thrust loading. The thrustwas directly
computedfrom the difference‘betweenthe tunnel angles”
requiredfor flight with power-off (propeiler”remomd)
and power bn at the same air speedswithout consideration
of the propellercharacteristics.

!l?he”controlswere operated.by three specialelectro-
magneticmechanisms,one for each control, A ViW show-
ing a typical installationof the motor and the control
mechanisms is given in figure 50 Each mechanismconsists
of a spring-centeredclapper-typearmaturemountedbetween
wound cores so wired that the clappermay be abruptly
pulled to either core. The clapper.is connectedto the
control surfacethroughpush rods and bell cranks in such
a mauner that the deeired controlmay be abruptlymoved
to a definitesettingas ueeded. ‘Thetime that the con-
trol is held deflectedis varied to suit the’dlsturhance
to be correctedor to produce a desired’motion.

The angular velocitiesof the model are from three...
to five times faster than those.of.the correspondingair-
plane, as indicatedin table 111; split-secondti2iingon
the part of the pilot is thereforenecessaryto control
the model. Experiencewith a graduated control system
showed that, because of the’quick responserequired,the
pilot rarelyused partial deflectionof the control stiok
but usuallyused full controland varied the time of d6-
flectiono Tineabrupt-deflectionmechanismproducesthe
same effect and pl”ovidesa simple and.a satlsfcotorycon-
trol system. ~~

The neutral setting of the controlsurfacesmay be
varied on the ground to change the-trimas ne,eded,and the
mechanism linkagamay be varied to change the control
movement obt~ined. ‘lheaileron and the rudder mechanisms
are wired to a eingle coti%rolstick through selector
ewitohestihatpermitactuation by the.stick of either con-
trol independentlyor bo%h con%rol.ssimultaneously. The
elevatormechanismis wired to a eeperatbstick operated
by the left hand of the pilot. The trailingwire that
conductspower to the mechanismsSnd the motor ccnsists
of nine or more separateconductorsbraided into a single
unit, !Chewire weighs less
the model and is at-tachedto

.,

than 1 percent as much as–
the model at the bottom of

P



NACA TechnicalNote No. 810 ?.

●

r

A

.

?

b

the fuselagenear the center of gravity. The effect of
this wire on the characteristicsof the model has not
been determined,but it is believed to be 8ma11.

TESTS

In the free-flighttunnel, the P-36A model was tested
with the co~ditions‘shownin table II. The elevatorde-
flectionswere varied over a range necessaryto permit
flights from the high s~eed of the tunnel down to the
stallingspeed of the models With the propeller installed,
the power was vari”edfrom zero (windmilliggcondition)to
the maximum obtainablewith the motor, which corres~onded
to 600 thrusthorsepowerfor the airplane. The dynamic
longitudinal-stabilitycharacteristicswere observedfor
each conditionand the”period gf the oscillationsdeter-
mined from motion-picturerecords of the m-o”ti.ofi.‘The
longitudinalcontrolwas determinedby photographingthe
motion of the model for abrupt pull-upsand push-downs.
At the stallingspeed, observationswere made of the be-
havior of the model followinga stall.

The.lateral=stability’tests consistedok direct ob-
servationsof the control-f~xedbehavior of the model and
a study of the response to various controlmovements. The
spiral-stabilitycharacteristicswere determinedby care-
fully trimmingthe model laterallyand noting the tendency
to divei’gein either dfrectionfollowinga slight change
in bank. Lateral oscillationswere disclosedmost readily
by abruptlydeflectingthe rudder. The correlationof
stability:and controlwas studiedby attemptingto fly the
model on a fixed course, correctingfor deviationsdue to
gustiness.and other causes. For this test the-ailerons
and the rudder were used togetherand then separately.
Finally, the aileronswere used alone with the rudder free
to aline itself with the air stream.

The lateral-controltests consistedia abruptlyde-
flecting the aileronsor the rudder and recordingthe mo-
tioz. These tests were made only for conditionsthat
could be compareddirectlywith flight. For the compari-
sons with the flight tests,”all the data for the model
have %een correctedfor scale to correspondto the air=
plane, Records of equ~libriumconditionsin steady side-
slips were obtainedfor only the landing condition. Ailer-
ons and rudderswere set against each other for trim and
the resultingsideslipand ‘bankangles were measured.
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The data for the flight comparisonswere taken from
an.unpublishedreport on the flying qualitiesof the
F-36A airplaneas measuredby the NACA.~ Supplementary
informationof a qualitativenature used in the present
report was obtainedfrom observationsof NACA pilots.

RESULTSAND DISCUSSION

LongitudinalStabilityand Control

$~t%c stabil,~.- The etAtic longitudinalcontrol
and stabilitycharacteristicsas indicatedby the elevator
deflectionrequiredto trim at differentlift coefficients
are shown in figure 6 with flaps up and Zacdlnggear up
and In figure 7 with flaps down and landinggear down.
The data are given for various amounts of thrusthorsepower
as indicated. It will be seen that power has a marked ef-
fect on the elevatordeflectionsrequiredfor trim. This
result has been found from other tests to be oaused by the
reduced static stabilityand the i.nareasedelevatoreffec-
tivenesswith power on.

The data from the free-fltghttunnel,are comparedwith
correspondingflight test data in-figure80 The comparison
indicatesa rather large scale effect on the elevatorde-
flection requiredto trim; the free-flight-tunnelresults
indicategreater stab:lityfor all conditionsthan is shown
by the flight data. Yhe only agreementis in the fact
that koth sets of teste show a marked reductionin s%abil-
ity due to power. The large static stabilityof the model
is attributedto the low scale of the tests in which the
flow conditionsover the wing ,andthe tail surfacesare dif-
ferent from those in the full-scaletests: the model prob-
ably has a thickerboundarylayer than the full-scaleair-
plane over the rear portion of the wing toqethe~’with some
local separation.,This separationco-oldpo,ssihlybe re-
duced by the use of wing slots or more fav~rablelow-scale
wing sectionsand will be given considerationin future
tests.

The lift and the drag characteristicsof the model
determinedfrom flights In the tunnel are given in figure
9 and are comparedwith correspondingdata from tests of
a l/5-scalemodel in the 7- by 10-foot tu~uql. The slope
of the lift curve agrees well with the lar~e-scaletests,
bu,ttheusual effect of scale On maximum lift and drag

,

.

.
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coefficientsis evident. The use of a wing slot in the
tests of the model in the:free-flighttunnel would extend
the lift curve’toa higher angle of attack and would give
comparablevalues of maximum lift coefficients Further
rese~rch is necessary,however, to develop“aslot that
wou’lde’xte’ndthe angle-of-attackrange without affecting
the ~i.tching-mornentcharacteristics.

Dynamic Stabilit.Y*-The dynamiclongitudinalsta~il-
ity of the Y-36A model in the free-flighttunnel was quite
objectionable. At speeds above 130 miles per hour”an un-
stable oscillationwas noticeable,as shown in figure 10~
As the speed decreased,the damping increased. The ~eriod
of the oscillationfor differentair speeds is sho”wnin-
figure 11. The straightline in the figure is an empiri-
cal average of the ~-eriodof the phugoid oscillationfor
various airplanesas measured in flight. The period for
the P-36A airplanewas not measured in flight,but it is
‘believedt:hatthe periods of the yhugoid oscillationwould
be representedfairly well by the line shown. “Itappears,
therefore,that the oscillationsirithe free-flighttunnel
as measured.are not the normal phugoid oscillat~oiisbut
are the result of conditionspeculiar to the model. The ,——
decrease of the period with increasingair speed suggests
a form of control-freemotion that has”~een encounteredin
fl+ghtiwith other airplanesbut not with the P-36A. This
oscillation.isa functionof elevatorweight, inertiamo-
ments, and friction,as well as of the aerodynamicchar-ac-
teristics. No attemptwas made to approximatethe scale
mass factors for the elevatoron the model because it was
thought that the model conditionrepresentedthe condition
with controlsfixed. The “smallamount of play in the sys-
tem, however,may have %een sufficientto make the mass
factors important. Further researchwill be necessaryto
clear uy this point.

The P-36A model was particularlysensitiveto dis-
turbancesin pitch at high speed, and continuoususe of
the elevatorwas necessary to maintain fli~h-t”for power on,
as well as for power off. The airplanepilot did not find
this conditionto be true in flight tests. The difference
is probably due to the higher pitchingvelocitiesassociate-
d with the small-scalemodel. (Se’@~ab~e 111.)

Elevatormaneuvers~- The effectivenessof the eleva-
tors in changingthe attitude of the model in the free-
flight tunnel was investigatedby making push-downsand
pull-ups from steady flight in the “tunnel, These tests.. .,,.
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were made with flaps and landing gear up. A typicalBet
of dat”ais shown in figure”12. The pitqhingvelocityper
degree of elevatordeflectionhas been computedfor dif-
ferent air speeds and is plotted in figure 13. Maximum
angular velocitieswere quicklyreached in the free-flight
tunnel tests,which were made with a relativelysmall
elevatordeflection. In the flight tests of the airplane,
large elevatordeflectionswere used and maximum veloci-
ties were not reached;a comparisonbetween tunnel and #
flight elevator‘maneuversis therefarenot possible.

stallingcharacteristics.-The stallingcharacterls- -
tics of the.model were observedthroughoutthe tests for
the variousconditions. In all cases the rol~in”gwas
violent followingthe stall and continuedfli”ghtswere not 4

possible in the stalledcondition. The stallingspeed was =
much higher, relatively,in the tunnel than in flight be-
cause the low scale of the model tests caused the etall to
occur at a much lower angle of attack. In the flight
tests of the airplane,the stall was suddenand violentand
could be producedwith very littlewarning. This obnclu-
sion ag”reeswith the free-flighttunnel observations.

Lateral Stabilityand ~ontrol

~iral stabilitY.-In the free-flighttunnel, spiral
instabilityis indicatedby th”etendencyof the model to
Increasethe sidtvslipvelocityand the angle of bank when
it is given a slight in~~ialangle of bank and the con-
trols are fixed. It is necessaryto have the model in
perfect lateral trim during this test. 3’or conditions
near neutral stability,either slightlystable or unstable~
the rates of convergenceor divergenceare small so that
it becomesdifficultto determinethe etability,the ef-
fect being an apparentlywide band of’conditionsfor neu-
tral stabilityfnsteadof the theoreticallynarrow range.

The P-36A model in the tunnelwith the flaps up and
the landinggear up appearedto be spirallystable over
tlu speed range flown for any conditionof power. The re-
quir.ed”useof the lateral controlsto maintain steady
flight was normal. Iliththe’flapsdown and the-landing
gear down, however,a marked spiral instabilitywas en-
counteredthat made continuedflightsdifficultbecause
of the constantneed for lateral control. Any slight dis-
turbancewould result in a rapid increasein angles of
bank and sideslipthat had to “be.coPrectedquicklyto ““

●
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avert a crash. With the rudder free the spiral instabil-
ity was improved,probably because of a reductionin di-
rectionalstability(C~~), and the amouzitof control re-
quired of the pilot was reduced. An increasein speed
and power likewisereduced the spiral instability.

In the flight tests of the airplane,the spiral sta-
bility was not directlydeterm~ued~’lnatthe generalbe-
havior of the atrplaneagrees well with the free-flight
tunnel observations. In flight the effect of dihedral
was small throughoutthe flight range but was reasonably
well correlatetlwith the finarea except at low Spesds,
flaps down. At these speeds, the dihedralwas not suf-
‘ficient to raise a wing. A decreasein effectivedihedral
is generallyassociated with a decre&s6-inspiral stabil-
ity. .,

—

Lateral osc3l1ations.-The characteristicsof the
lateral oscillationwith fixed controlsmay be determined
in the free-flighttunnel by deflectingthe rudder abrupt-
ly and thenreturning it to neutral. Ordinarilyseveral
cycles may be recordedbefore the rno”ilelraaches the,tun-
nel wall. With the P-36A model in the tunnel,however, it
was difficultto obtain long recordsbecause the model
would move rapidly followinga large rudder deflectionand
would not oscillatenoticeablywith a small deflec-%ion,
indicatingthat the.oscillationswere well damped. Con-
sequently,only a few,recordswere obtained in which the
period of the lateral oscillationcould be determined. A
comparisonof the periods of oscillationof the model with
the periods determinedin flight tests of the airplane is
given in figure 14. The tunneldata are in reasonable
agreementwith full-sca~edata, althoughthe points are
slightlybelow the flight curves. The.flight tests also
showed that the oscillationswere well damped, reducing
in amplitudeto one-half in less than one cycle.

Lateral contral.-The aileronsand the rudder were
investigatedin the tunnel as a coordinatedlateral-control
system and Individuallyas a means for p“roduciggangular
velocities. First, the ailerons a“ndthe rudder we~e elec-
trically interconnectedso that a single mov”ementof the
control stick would produce a movement of both the ail&”r-
ons and the rudder abruptlyand fully to a predetermined
Deflection. The ratio and the amount of the deflections
could be varied by changing the control linkagebefore the
tests were started. It was thereforepos~s”~%’le‘todetermine

●
the amount of aileron control necessaryfor adequatecon-
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trollabilityand also to determinethe amount of rudder
necessaryto avoid noticeablesideslipping. The ailerons
and ,therudderwere also,tested separatelyas a meanO of
contro,l,and the resultingchangee in heading and in bank
were measured. In a final test the rudder oontrolrod
was dieconnecte.dso that the rudderwas free to &line it-
self with the air streamand the model was controlledwith
the aileronsalone. This test was rather severe but was
useful in revealing.con.ditionsof low directionalstabll-
it,y.

The ratings of the P-36A model for differentmethods
of controlare given in table IV. The ratingsare based
on experienceobtainedwith the models of a number of cur-
rent airplanesand w$th severalexperimentaltypes. The
lateral controlwas consideredexcellentfor all condi-
tions of power, flaps, and landinggear when the rudder
was properlycoordinatedwith the a-ilerons.It was found
that about one-halfthe aileron travel availableon the
airplanegs+veadequatecontroland a rudder deflation of
80, or about one-fourththe availabletravel on the air-
piane, was sufficientto avoid noticeablesideslippf.ngat
the lowest air speeds. With some other models it has been
found necessaryto use the full travelavailablefor sat-
isfactorycontrol;so it seems that the P-36A control
should be entirelysatisfactory. These findingsagreed
in generalwith the full-scaletests in which it was found
that the response to ~udder, ailerons,or elevatorfn
normal’flightwas entirelyadequate.

.

.

.

.

.

.
.

For the aileronsused alone in the tunnelwith the
rudder fixed,the control was satisfactoryfor all condi-
tions except at the lowest speedswith power on, with

,

flaps up and landinggear up. In this conditionthe ad-
verse yawing was ob~eotionahle. In the airplanetests it
was also-noted that at low speedswith flap up the fin ef-
fecb graduallytaFered off so that large adverseyawing
was noted.

A typical ai18rOIl maneuver is given in figure 15 for
the model with Iandlng gear down and fla-ysdown and-with
the propellerremoved. The data were taken from photo- *
graphic records of the motion followingabrupt right ailer-
on deflectionfollowedby abrupt left aileron deflection
for recovery. The rollingvelocityreachefi~ maximum one- .
sixth secondafter the aileronswere L(!fle.jied.This xe-
sult agreeswell with the scaledvalue obtatnedwith the
airplane. The sidesl.ipangle was computedfrom the angle



.

of yaw and,the lateral veloqtty*U thetunnel. Similar
records were obtainedfor var,iGys,other conditionsand
the naxi.mum,roZling,velocities wq,~e,.computed., ,,.-

,., ,,, .--,,“.-
The data are summarizedin f.ig&e ~6 and compa”red.

with flight-testvalues. TQere was a considerablescat-
ter of the data owing mainly to the inabilityto obtain
steady conditionsbefore applicationof the control. The
P-36A model was particularlydifficult..tohold steadfly
in one position. The average valuesare a%out 30 percent
lower than the flight v-aluesfor the airplane.’The val-..
ueswith flaps down were.somewhathigher.than the corre-
sponding ones with flaps up. ., .. .

,,
Control.with rudder alone was.difficult,if not im- .

possible,in all cases with the model in the tunnel.
Abrupt applicat$onof the rudder always caused the model
to drop to the floor.of the tunnelbecause of the diving
moment accompanyingsideslip. With flaps down-,lateral
control by rudder alone was impossiblefor any power con-
dition because a low wi~g could not be r.aisedbythe use
of the rudder, although’a.rudder deflectionfrom a level
attitude would produce roll~ With theairplane.in flight
at minimum speed with the flaps down, if a wing dropped,
the airplanewould continue to turn toward the low wing
against full oppositerudder. A pronounceddiving tend-
ency was likewisenoticed in flight.

—-

?ithflaps up, controlwith the rudder was improved..
particularlywith power on, but the improvementwas not
sufficientto insure continuousfliglit;A slightlybanked
wing “c?uldbe picked up with rudder alone, as shown in
figure 3’7. In this run,,the m“odelwas initiallybanked
to the left 6° &nd was sideslippin~to the’left. ‘+“rudder
defle”ction.of180”.eventuallysucceededin reversidgthe r
direction of bank and the l“at,eralmotion. Thk.yawing ve-
loc~t”ies’produced”by,variousamounts o-f’ru~der ape give”il ..
in figure 18.. A close agr&ement“Zsshownwith the,air~”’
plane yawing”veZocitiesdeterm.i~ad.iri:flight. ‘“. ‘-. . “.”,.. :

~~iththe rudder free to float a’h’dw“ith”ailerOnsu“sed
alone for lateral co~tro,l,-goodcpntrolwas possi~le only
with flaps’down. Ih,faqt-~,jiith”.flaps:,down the controlap-
peare”d’ko be better at low %pseds with the’rudder free
than with the rudder f’i~xed,“Althoughthis re’suitappears
to be contraryto’.the~nurma+conception”,it is probably
explained,bythe re.duc$ioqin the control requlreme-ntbe;
cause of’thk improvementin “sp”ir’alstabilityobtainedby

. .
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free?ng the rvd~.ero ~;itllflaps Up, freeing the rudder
made fl-igh’tsimpossible,particularlyat the lowest speeds
with power on. The large angles of &idesllpaccompanying
use of the aileronsfor lateral controlmade recoveryim-
possible”inthe space available“-inthe tunnel. A flight
comparisonis not availablefor this‘condition.

.~t&@’’sj{des~.&&,-It is possible-tomake steady
sideslipsin the tunnelby settLn~the rudder over vari-
ous amounts aqd by trial, trimmingthe model with opposite
ailero’n..Themodel wiil fly in a banked and a yawed at-
titude. It was possibleto obtain a direct comparison
with flight tests of the airplanefor the flap-down,power-
off condition. The comparisonIs made in figure 19 and
it can be“seenthat fair a&eement was obtained. The rud-
der deflectionsfor differentamountsof sideslipagree
well,as do the’results for the ruddermaneuveri,but the
aileron deflectionsrequiredare higher for the model, in-
dicat-iug,eitherlower aileron effectivenessor greaterdi-
hedral effect on”themodel. The preylousresults of the
aileron tests indicatethat the ailercnmomentswere the
probable cause of the di.sagreementiVhe angles of bank
and the effec”tof sideslip on elevatorpositionrequired
for flight at the.same air speed agree well with flight
values,

COIICLUJIHGREMARKS
..

TLe stuly of the stabilityand the controlchar&cter-
istics of a l/12-scal&model of the P-36A airplane in the
NACA free-flighttmne.1 served.to develop the testiag
techniqueand t-oafford a comparison.o,ftests of a model
with flight-tests of the correspondingairplane. In gen-
eral, the %phaviorof the uodelwas ,infair agreementwith
the airplanesa~tho~ghquantitativelythe ,longitudinal
stabilityof the model was found.to be grea,terthan for
the airplane--andthe aileronswere somewhatweaker. Tile
rudder effectivenessshown for the model agreed well with
that for the airplane.

.

.

.

.

The increasedlongitudinalstabilityand the decreased
aileron control of the model are attributedto local sepa-
ration of the air flow over “therearwardportion of the
wing as a conseq~enc,eof the l-OW.Reynoldsnumters of the
tunnel tests. It is believed that in future te”ststhis
separationmay be’reducedand the resul,tsimprovedby the



.

●

✎

✎

NACA TechnicalNote No. 810 15

‘i.==af wing clots ~r special airfoil sectionson the model.-
The slots would SISO be helpful in extendingthe angle of
attack and the lift coefficientat which stallingoccurs.

Althoughthe quantitativedisagreementswith full-
scale data are appreciable,it is believed that,with an
understandingof their nature, magnitude,and direction,
carzec+ general co~clu~iorls may be drawn from the model
data regardingthe stakilityand the control of the air-
plane represented,particularlywhere the relativemerits
of differentmodificationsare desired. The free-flight
tunnel should be very useful in the developmentof new
airplaae designs.

Langley MemorialAeronauticalLaboratory,
NationalAdvisory Conmitteefor Aeronautics,

Langleyyield, Ta., April 183 1941.

.

.
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TALLE I

DIM31NSIOHALCHARACTERISTICSOR’THE C“~TISSP-36A AIRPLANE

En,~ine:
Type -
Pratt & Whitney R-1830-1’7;gear ratio, 3:2

Horsepower -
!T!ake..off,at 2700 ram-----------------------
Climbing,at 2560 ram-----------------------
Cruising,at 2325 rain-----------------------

Propeller:
Type -
Curtisselectric,three-blade

Diameter,ft----------------------------------
Blade-anglesetti,ngat 40 in. -
Low, deg..---..----------------------------.--
High, deg-----------------------------------

Weight:
Hnpty, lb----=---------------------------s--a
Normal gross, lb----------------------.------.

Moaents of inertia:
Landing gear dcwn -

Ix, slug.fta----”----.-------.-...-.--------
Iy, slug-fta--------------------------------
Iz, slug-ft2-,--------------------------------

Landing gear up -
r~’,Slug-fta--------------------------------
Iy, slug-ft=---------------------------------
12, slug-ft2------------.-----------_-_-----

Center of gzavity:
Landiag gear down -
Baci:of wing leading edge, in-----------------
Percent of M.A.C-----------------------------
Below thrust line, in●----------------------

Landing gear up -
Back of wing leadtng edge, i.n----------------
Percent of l:,A,C----------------------------
Below thrust line, in-----------------------

Over-alldimension:
Length, ft-...----------------------------------
Height (flyingattitude),ft------------------

Wing loading V/S, lb per sq ft-----------------
Wing:
Area 1, sq ft ‘---.--------------.---------.----
Span, ft--------------------------------_-----
Aspect ratio----------------------------------
Airfoil sections-
197 ill.from center line of fu$elage--=-----
At the root, 1.645 ft below thrust line-----

1200
1050
700

10

22
4?

—
4504
5750

4500
5010—

2020
44?7
6028

24.0
26.7
4.85

25,5
28.6
3.45

29
9

24.1

236
3?.3
5.9

NACA 2209
liACA2215
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.,

TABLE I.-CONTINUED
Wing: ,%
Dihedral,deg---------------------------------
Taper ratio----.------------------------------
M.i..c., ft-------------------------------.-----
Sweepbackat wing leading edge----------------
Angle Of wing setting,den--------------------

Flap:
Area2, sq ft-------------------------4--------
Type -
Partial split

Travel,deg down------------------------------
Span3-
Ft----------------------------.-------------
Percentb---------------------.-------------

Chorda,ft------------------------------------
Aileron:
Area2- *

Sq ft---------------------------------------
Percent S-----------------------------------

Type -
Slotted

Travel -
Deg Up-.------------------------------------
Deg down-----------------------_------------

Span--

Percentb-----------------------------------
Maximqu chords, ft----------------------------
Balance area, s-qft-------------------------L-

Tail:
Horizontal-
Area4 -
Sq ft----------------------------------.--
Percent S-------.-------_-_--_--_---_-----

Center of gravity to hinge line (landinggear
up), ft---------.----------------------e—

Angle of tail setting,den-------------------
Span, ft-------------------------------------
alevator area2, sq ft-----------------------
Maximum chord~~ ft--------------------------
Travel -
Deg up-----------------.------------------
Deg down----------------------------.-------

Above thrust line, ft-----------------------
Elevatorbalance area, sq ft----------------

“6
2.5:1
6.80
Iolg1
-1 —

34.80 ‘ ‘“”

45
-—-— —
19,70
52.6
1.76

24
11

13.88
37.2
1.19
4.24

48.00
20.3

17.6
2

i2.80
15.40
1.”69

28
“‘–25
“1.66
3.80

See footnotesat end of table.
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TABL3 I.- CC,NYINUED

—

Tail:
Vort5cal-
Area -
Sq ft-------------------------------------

-—
20.74

Fercent S---------------------------------- 8.’78
Center of gra-rityto hinge line (landinggear
up), ft----------------------------------e 17.’75

Span, ft------------------------------------- 6.13
Rudder Ijalancearea, Sq ft------------------ 1.94
Rudder areaz, sq ft------------------------- 11.80
Travel, deg right or left-------------------. 30
Area above horizontaltail, SO_ ft--_-_----ti=- 16.26
Span above horizontaltail, sq ft----------- 3.90 ““

‘Includes,aileronsand portion of wing through fuselage.
21ncludesonly area back of hinge line.
‘Does not includegap beneath fuselage.
4 Includesarea through fuselage.

YAELE 11

TEST COIU31YIONSOF K3E l/12-SCALEMOJ13LOr YHE P-36A AIRPLANE

Land-iFlapa~Power‘WsIf ~Centerof’
ing

I \
(Per.e..m

[(~b~t)\ gravitygear
! Isq M.A.CO)1(perce~t)i(percent)

I
1 I t
Down,\ *ff2

Down up

I

2.20 26-.7 I 1.6 i -5.8
~

up -do-- -dO-- 2.05 [ 28.6 4.3 ~ -3.1
I

Down iJowni On 2.49 26.7 -08 -16.6
I

Up ~ Up i-do--l2.35 28.6 -4.7 -15.8
1

‘Percentagedeviationfrom correct scaled values.
aPower off correspondsto propellerremoved.

error=

AIz
(percent)

5*1

10.0

2.0

0

-.
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TABLE III .

.

DYNAMIC RELATIONSHIPS

[For dynamic similaritythe given relationshold, where.
N is the scale ratio.]

.-

General 1/12 scale

Linear dimensions--------------
Area---------------------------
Volume and weight--------------
Moments of inertia-------------
Wing loadjng,w/s--------------
Linear velocities--------------
Linear accelerations-----------
Angular velocitisq-------------
Angular accelerations----------
Propellerspeed------’---------
Horsepower---------------------
V/nD----------------------------
Reynoldsnumber--------------<-

J+
Constant
lja
I/Na

#
la”’
~ /2

Con tant
*72

1/12
1/144
1/1728
1/248832
1/12
1/3.465
1
3.465
12
3.465
1/5986

;/41.6
! I

.
—

!TABLfi17
. FLYINGQUALITIESOF WE l/12-SGAL3MODELOF THECURTISSP-36AAIRPLANE

Land-
ing

gear

Down
Do--
Do--
Do--
up
Do--

s Do--
Do--

.

Conditions I Stabilityx I Contro12

Flaps

Down
-do--
-do--
-do-U-

-do--
-do--
-do--

I I
I I I

Power CL Longi-11Spiral Ailer-
tudinal sta- ons and
stabil-bility rudder

I ity I I
off 1.00

-do-- ,35
on 1.00
-do-- ,35
off .65

-do-- ● 35
on .65

-do--l .35

B-
D
B
c-
c
D
B
c-

D
D+
c
c+
A
A
A
A

A
A
A
A
A
A
A
A

Ailer-
ons

alone,
rudder
fixed

B-
A-
B
A
B-
B-
C
A

Ailer-
ons

alone,
rudder
free

3
A-

C+

D+

Rudder
alone

D+

D

D
c
c

t ‘Stabilityrating: A, stable;B, slightlystable; C, neutral; D,
unstable.

aContirolrating: A, excellent;B, fair; C, poor; D, flight impos-
sible.

-.
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Figure2a.– Viewof thetesteectionof thefree-flighttunnelehowinga model
beingadjumtedbeforeflight. —

Figureab.—Viewof thetestsectionof thefree-flighttunnellookinguPstream
thro@’htthepropeller,showinga modelinflightundertest.
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.

Figure4.-V~ewof 1/12 saalemodelof P-36Aairplaneas testedIn
thefree-flighttunnelbeforeixkrhallati.onofpropeller.

.

,

Figure5.-Viewof a typioaloontrol-meohanisminstallationin a model.
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Figure8.
e
airplane
inthefr

Figure12.- A tv=oicalpush-downmaneuverof
a l/12-Bcalemodelofa Curties

P-36Aairplaneshowingthedisplacementiwith
timedueto5°abruptelevatordeflection.
Lmndinggem up;flapsup;level-flightpower;
CL=0.61.

- Elevatordeflectionsrequiredto trim at
differentliftcoefficientsfor a p-36A

in flightcomparedwith a l/12-scalemodel
~e-flighttunnel.

(a)

(b)

Landinggearup;flapaup;centerofgravity,
28.6percentM.A.C.

,,

Landkggesrdown;flaps45°down;centerof
grawity,26.7percentM.A.C. ,,,,’ i.
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Figure15.-Atypicalabruptaileronman?uverof”a-_
l\12-scalemodelafa CurtibsP-36Aair-

planeshowingthedisplacernentawithtimedusto
abruptailerondeflection..Landi~geardo,wn;fIaps
450down;propellerremoved.CL=0.58.
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Figure 16. - Aileron effeot-
ivenea8. of a

l/12-scale model of the Cur-
tias P-36A airplane compared
with the airplane measured
by steady rolling veloo~
itieB in ebrupt aileron%

E

maneuvera. Ueflenti0n,76 @/~
percent ;power on and off -

s
*

G

Figure 17. - A typioal
abrupt s —

rudder maneuver of a
l/J2- Exale model of
a Curtiss P-56A air-
plane ohovirq dia-
plaoeden~s with time #?&m
dw tO abrW rtider :{$ Io—
deflection. Landing

i ‘–

gear up; flapa qp;
power off; ~= 0:65.

I Ii %

i ~

*I o
Frcwe wnber d 32pers= 1,~ ,“ ‘ ~

Figure 19. - 9taa.dy midealip olvxtiubsr,iatlok of a F:%i ‘ i 20

,~.,i. airplane in flidt wnpared with a lf12-scale

1, model tested in the frea-flkht tunnel. Flaps down;Land- >,! .,’ I geardown; power off (wi*illiI+3); ~’ 100. ~i7i
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