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INVESTIGATIOAIS. OF TUTELITIG CHAPACTL'RISTICS OF A . 1/20-SCALE .

MODEL OF THE NORTITROP N-9M AT}?PLAPTE

By George F. MacDouGall, Jr.

SUMMARY

The tumbling characteristics of al /20-scale model'o.f the
Northrop N-914 airplane have been determined 1n the Langley 20-foot
free-spinning; tunnel for various configurations and_ loading conditions
of the model. The Invest-Igation included tests to 8.etermine whether
recovery from a tumble could_ be effected by the use of parachutes.
An estimation o:f the forces due to accele -ati.on acting on. the pilot
durin a tumble was made. The tests were performed` at an equivalent
test altitude of 15,000 feet.

The remilts of the model tests indicate that if the airplane
is stalled with its nose up and near the vertical, or if an
appreciable _mount of ditching rotation is impaxted to the airplane
as through, the action of a strong gust, the airplane will either
tumble or oscillate in pitch through a -ranf;e' of angles of the order
of ±120 0 . The normal flying controls will pro0ably . be ineffective
in preventing or in termindt;ing the tiahling motion: The results'
of the mo^'el tests indicate that deflection of the landing flaps
full down it edia.tely upon the initiation of pitching rotation:will
tend to prevent the development of a state of tumbling equilibrium. .
The simultaneous opening of two 7-foot diameter parachutes having
drag coefficients of 0.7, one parachute attached to the rear portioTi
of each wing tip with a towline between 10 a&. 30 feet long, will
provide recovery from a tumble. The accelerations acting; on the
pilot during a tumble will be czanCe,.ous.
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INTRODUCTION

At the request of the Air Materiel Command, Army Air Forces,
tests wers performed in the Langley 20—foot froe—spinning tunnel to
determine the spin and recovery characteristics and the tumbling (a
continuous rotation about the lateral axis of the airplane) character-
istics of a 120—scale model of the Northrop N--9M airplane. The
results of the spin—recovery tests have been presented in reference 1,
and the results of the . tumbli.ng tests are presented. herein,

The airplane represented by the model is a twin—engine, flying—
wing airplane oquipped with pusher propellers. The airplane was
constructed and flown to provide data for use in the development of
the Northrop XB-35 airplane and was approximately one—third the
size of the XB-35. Directional control on the IT-9M airplane is
obtained by wing tip control surfaces designated by Northrop
Aircraft, Inc. as "scoop rudders" and"pitch flaps." The scoop
rudders are installed on the lower surface of the wing just
forward of the leading edge of the pitch flaps. The pitch flaps
are trailing-edge flaps and are deflected up when the scoop rudders
move down. The pitch flaps are also used as a longitudinal trim
device when the landing flaps are deflected. Longitudinal and
lateral control ar© obtained with trailing—edge flaps designated
by Northrop Aircraft, Inc. as "elevona," The olevons serve as
both elevators and ailerons and are located just inboard of the
directional control devices. Landing flaps are installed along
the trailing ridge of the wing between the plane of symmetry and
the inboard end of the elevons.

The tumbling characteristics of the model were investigated
for a basic loading designated by Northrop Aircraft, Inc. as
flight test condition number one and also vith the center of
gravity moved forward. Tests were performed to determine the
individual effects of deflecting the landing flaps, of extending
the landing gear, and of deflecting the pitch flaps. The fin
effect of windmilling propellers was ascertained from tests with
horizontal and vertical equivalent propaller fin area installed.
At the request of Northrop Aircraft, Inc., tests were performed
with 20 percent and with 35—percent span auxiliary leading--edge
elats installed and also with XB -35 type split rudders installed
on each wing tip and opened simultaneously to determine the effect
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of these design modifications on the timnbling characteristics of the
model. The effect of installing various amounts of horizontal area.

on a boom rearward of the model was investigates' and tests were
performed to determine whether recovery from a ttmible could be
effected by the use of parachutes. Approximate calculations were
made of the forces that would be acting on the pilot's head. when the
airplane is tumbling.

SNMBOLS

b	 *wing spa.az, feet

S	 wing area, square feet

c	 wing chord at any station aloe; the span

c'	 me..n aerod3-namic chord, .feet

x/c	 ratio of dist,-unce ^-f center of ^Kravity rearward. of
lead.i.TiS edge of mean aerodynamic chord to mean
aerodynamic chord

zlc	 ratio of distance between center of gravity and root
chord line to meLui aerodynamic chord (positive
when center of gravity is below -root chord_ line)

m	 mass of airplane, slugs

IX , IY, IZ moments of inertia about Y> Y, andZ body axes,
respectively, slug-feet

R	 distance from axis of tumbling rotation to pilot's
head, feet

q	 full-scale rate of pitching rotation during timble,
radians ?per second

g	 acceleration due to gravity, approximately 32.2 feet
per second

P	 air density, slug per cubic foot

u	 relative density of airplane, m/pSb
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APPARATUS AITD MTTHODS

Models

The 120-scale model of the Northrop N-9M airplane previously
used for the spin tests reported in reference 1 was also used-for
the tumbling tests. Because of difficulties encountered in
perfor ning the tumbling tests, a second. model was const_ acted and
prepared for testing by La;.z_;ley to expedite the test program.
Dimensional and mass characteristics of the airplane represented
by the models are giver_ in table I and a three-view drawing of
the models as tested in the clean configuration (flaps neutral and
landing gear ret-ractefi) is presented as figure 1. Figures 2 and 3
are photographs of one of the models in the clean and landing,
configurations, respectively. The models were ballasted as
described in reference 1 to obtain -'Lyna.-- c similarity to the
airplane at an altitude of 15,000 feet (p = 0.001496 slug per
cubic foot) . A remote-control mechanism was mounted in one of
the models to open the parachutes for recovery tests. The para-
chutes used were of the flat circular type, m,,.de of silk, and had
a drag coefficient of ap mxroximrately 0 .7 base' on the sr.tface area
of the canopy wrien spread out flat. The attxilary leading-edge
slats and equivalent propeller fin a, ,ea used for the tumbling, tests
were the same as those used for the spin tests reported in reference L
and are ^hoi-m- on fi1;ares 4 and 5, respectively. Tests were per-
formed with horizontal areas equal to 2 percent (-q - ,eviously used
for spin tests), 5 percent, and 10 percent of the wing area installed
on a boom rear ware. of the model as shown on figure 6. The installa-
tion of the XB-35 type split rudders and a comparison of the XB -35
type rudder controls with the IT-9M rudder controls are presented
on figure 7.

T''ind. Ttulnel ar_d Testing, Technique

The tumbling tests were performed in the Langley 20-foot free-
spinning tunnel, the operation and e^.esign of which is generally
similar to that of the 15-foot free-spinning tua,_ael as de,3c:L ibed
in reference 2. Various methods of laimchin- were employed in the
tumbling tests. In order to determine whether the model would
start tumbling of its own accord, the model was released without
rotation either from an attitude in which the model was approximately
horizontal, from an attitude in which the nose was approximately
700 below the horizontal, from an attitude in which the model was
approximately vertical iai.th the' nose up or was impelled into the
tunnel without rotation with the nose slightly above the horizontal.

CONFIDENTIAL
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In order to determine whether the model would stop tumbling once the
tumbling motion had been started, the morel was launched into the
tunnel by hand with either positive or negative pitching rotation.
The tumbling tests in which the model was released without rotation
were arbitrarily performed at a constant tunnel airspeed of approxi-
matly 75 feet per second and those in which the model was launched
with rotation were arbitrarily performed at a constant airspeed of
approximately 65 feet per second. The initial pitching rotation
imparted to the mo+ael for the tests in wlriich it was launched with
rotation was sufficient to tumble the mo^el throw:. one to three
complete ---evolutions. For the cases in which the model would
tumble, it could make only five to six complete tumbles before
traveling across the tunnel and hitting; the safety net on the
opposite side.

Motion uictures were taken of the tests so that a study could
be made of the motion of the model during; the tumble and, for those
cases for which the model would not ti.mble, of the motion after
launching. An approximation of the vertical rate of descent of the
model during a tuffble was determined from film records of the tests
and from the tunnel airspeed.. The cEmera speed being known, the
apparent vertical rate of descent was determined from the number of
frames of film in which the model moved a certain vertical distance
in the tunnel. This apparent vertical rate o° descent was added to
the tunnel airspeed to give an approximation of the vertical rate
of descent of the model durinZ the tumble. An ap.^roxi.mation of the
horizontal component of velocity during a 'tumble was obtained from
the film records in a manner similar to that for the vertical
component.

The model was launched into the tunnel with initial positive
pitching .rotation for the tests made to determine whether recovery
from a tumble could be effected by the use of parachutes. The
parachutes were opened for recovery approximately two complete
tumbles after the model was launched. For some of the tests,
parachutes installed on both wing tins were o-pened simultaneously
whereas for other tests only the parachute on one wing tip was
opened. The parachutes were installed on the model as described
in reference 1 for tine spin tests. The points of attaclurent fcr
the parachute towlines are sho`,-n in fiTire 8.

PRECISION

The measurement of the rate of rotation and of the vertical
and horizontal velocity components of the path of the model wbile
tumbling are believed to be a.ccu=ate within limits of ±5 percent
and 110 percent, respectively.

CONFIDENTIAL
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The .accuracy of the ballasting; of the models for the tumbling
tests was the game as that -repo.°ted in refe pence 1 -e'er the spin
tests. The controls were set with an accuracy cf ±lo

TEST COI\MTTIONS .

The conditions tested in the investigation to Bete mine the
tumbling characteristics of the models are listed in table II.
Pull-scale values of mass parameters for the loadings tested'on
the mod.els and for various loading; conditions of the airplane are
given In-table .111.. As previously mentioned, the basic test
condition was ;designateO as flight test condition number one.,
anct in arld.iti.on, tests were made with -the center of (;cavity ;moved
forward 5 percent of the mean aerodynamic chore'_. For each test
condition, various elevon ?positions including neutral and maximum
deflections for longitudinal and lateral control were inve.!tigated..

The N-9M airplane is equipped with a wheel mounted on top of
a stick to move the elevons for lonc;itudiital and lateral control.
Longitudinal. movement of the stick and wheel moves both elevons
either . up or dog-m together . for longitudinL-O.. control whereas
turning; the wheel moves one elevon uo anid the other elevon down
for lateral control. Although there was no stick or wheel in
the models, control deflections are "enerally refe- Irbq to herein
in terms of stick and wheel positions. The elevon deflections
were the same as those given in reference 1 for the spin tests
and are presented on fi Lre 9. Thee scoop rudders were maintained
at neutral throughout the entire test nroe -_,am. The pitch flaps
were neutral except when the model was in the landinG conflauration
.and for a few tests in which both pitch flaps were set 26 0 up in
order to determine the effect of pitch flan deflection on the
tumblin characteristics of the mode)_. The pitch flaps were.
removed from both wing tips and '-^M-35 type split rudders were
installed for tests to Ieterm`ne whether this type of rudder control,
acting in a manner similar to that of dive brakes, would have an
effect on the tumbling characteristics of the .model. The split..
rudders on each wing ti p were open simultaneously =60 0 for these
tests. Unless othex-,rise specifically stated in the discussion,
the model was in the clean configuration and ballasted to represent
flight test condition number one.

RESULTS AAA DISCUSSION

As previously mentioned., for convenience, two models'cf the
N79M airplane wore used in the tumbling; investigation. The results

CONFIDKITIAI
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of preliminary tests indicated that both models had similar tumbling
characteristics. The results are presented herein therefore without
regard to the particular model used.

:interpretation of Results

Inasmuch as no data on the tumbling of full-scale aircraft are
available, the accuracy of p •edicting airplane tumbling characteristics
from model data is unlmown. In applying the model results to the
full.-scale airplane the following interpretation has been placed on
the results from different methods of launching; the nodel.

?Jhen launched into the tunnel, aithel with or without initial
pitching rotation, the model_ either would o .- would, not tumble. If
the model tumbled with either method of laanchirvg it was taken as
an indication that the corresponding airplane could tumble,
although the airplane probably ^-!ould be more likely to tumble if
the model started tumbling when launched with no pitching rotation.
If the model stoppe:i tumbling; after being la inched with initial_
pitching rotation, Vie results were interpreted to mean that the
corresponding airplane would not tumble.

Clean Configuration

Flight test condition number one.- In general, the model
continued to tumble when launched with either initial negative
or positive nitching rotation regardless of elevon deflection
(table IV-A) thereby indicatin that eleven deflection had no
appreciable effect on the tumbling characteristics of the model.
For a typical tumble, the vertical component of velocity was
approximately 150 feet per second, full scale, the horizontal
component of velocity was approximately 75 feet -per second, full
scale, and the rate of rotation was approximately 1 rps ; full scale.
The components of veloci ty an•i the rate cf rotation Z•rere obtained
from the film -°ecord_s as previously desci •ibe'. an,? a---e shown
graphically on figare 10.

When released from a nose-vp vertical attitude ( table V--A) ,
the model sometimes started to tumble and at other *times osc i llated-
in pitch through a range of approximately ±120 0 measured from the
nose-down position. These oscillations appeared to be only
lightly damped before the model reached the safety net at the
bottom of the tunnel. Figures 11 and 12 are reproductions of
motion-picture records of a typical tumble and of a typical
oscillatory motion, respectively, when the model eras released
from a vertical attitude with its nose up. It appears from the

CONFIDENTIAL
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results of these tests that the airplane may start to tumble'if it
is stalled with its nose u-p near the vertical o_ if it is forced
into a nose-up attitude by a strong; gust.

The model dived into the safety net with oscillaticns in pitch
of the order of ±15o when released from an attitude with its ncse
approximately 700 below the horizontal (table VI-A). JJhen the mcdel
was released from a horizontal attitude (table VI-B), it made one or
two oscillations in pitch of approximately ±40 0 and then dived with
the oscillations _apidl^r di.minishin? in amplitude. The motion of
the model when impelled into the tunnel: with the nose of the model
slightly above the horizontal (table VII) was gene rrelly similar to
that when it was released from a horizontal attitude. From the
results of the tests wit']h these latter three types of launchings,
it ap_nears that the airplane vd.11 not start tumblinf,; when it is
stalled with its nose sliF^i.tly above the horizontal or when it is
in a dive.

Inasmuch as the model did not sta-A tumbling for the clean
configuration, flight test condition number one, as previously
mentioned, when it was release, from a horizontal attitude, when
it was released with its nose 700 below the horizontal; or when
it was impelled into the tunnel with its nose slitly above the
horizontal, it was believed that the model also would not tumble
for any of the remaining; confi.parations and loadings on the test
program. when it -•ras launched in am of these three manners. These
methods of launching, therefore, were not em-ployed for the remainder
of the test program.

Equivalent : in effect of	 The results of the tests
with propellers simulated which are presented on tables IV-B and V--B
were generally similar to those obtained without the propeller fin
area and thereby indicate that the fin effect of the proppellers
was not sufficiently large to appreciably effect the tumbling;
characteristics of the model.

Center of gravity fcrward.- The results presented on tables 1V-C
and V-C indicate that movement of the center of gravity 5 percent of
the mean aerodynamic chord forward of normal ?gad a, somewhat
beneficial effect on. the tumbling characteristics of the model.
Yhen launched with initial ne^ative pitchinS rotation (nose down),
the model usually stopp©d tumbling; and made two oscillations in
pitch of approximately ±120 0 after which the oscillations started
to damp out. No appreciable effect of center-of-gravity location
was noticed, however, when the mo_iel was launched with initial
positive pitching rotation. j-'hen released from. a vertical attitude
with its nose up, the model oscillated in a manner generally

COD?FIDLNTIP1
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similar to that previously described for launching's with initial
negative pitching; moment. It is believed that the decreased
tendency of the model -to ti)m1 ,7.e with the center of gravity forirard
can be attributed to the increase in longitudinal stability
associated with the forward movement of the center of gravity.

Auxiliary Slats Installed

Installation of 20-percent ;pan auxiliary leading-ed-ge slats
had little effect on the tumbl.ine characteristics when the model
was launched with, initial pitching rotation. (See table IV.-D.)
When the model_ was released at a ve-r rtical attitude with its nose
up, however, the tendency of the model to start tumbling was
diminished and the amplitude of the oscillations in pitch was
decreased.. (See table V--D.) Installation of 35-percent span
auxiliary leading-edge slats had a somoV-iat beneficial effect on
the tumbling characteristics of the model in that the model
would not now continue tumblin^.; after bein r launched with initial
negative pitching rotation when the stick was back. (See table IV-E.)
There was also a reduced tendency for the model to continue
tumbling when the stic^t was fcrwar^l. for launchings with either
initial negative or positive p=tching ,rotaticn. The results on
table V-E also show that for =9-michings from a nose-up vertical
attitur3-e, the model e,-<d1"_bited less tendency to turr:hle, and the
oscillations in pitch dampen out more ra-QV_ly when the 35-percent
span slats were installed than when -the model was in the original
configuration.

XB-35 Type Split Rudders Installed

The results on table P'-F show that installation of the kB-35
type split rudders had no appreciable effect on the tumbling
characteristics of the model when launched with initial pitching
rotation. A somewhat favorable effect of installing the split
rudders was noticed when the model was release3_ from a. vertical
attitude with its nose up in that the model generally would not
now tumble. (See table V-•F .)

Landing Configtration

The resifts obtained with the model in the landing configura-
tion (landing gear extended, landin g flaps 50 0 down, and pitch
flaps 26 0 up) were t3enerally similar to those for the clean
configuration when the model was launched with either positive or
negative initial pitching; rotation. (See table IV-G.) A favorable

C01171 1DI TITTIAL
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effect of the landing configuration was observed, however, when the
model was released from a nose-up vertical attitude. For this
latter type of launching,'the model made one or two oscillations
in pitch of the order of *120 0 after which the oscillations da-aped
out and the model then dived to the safety net. (Soe.table V-G.)

Tests were next -performed to ascertain the contribution of the
landing flaps, the landing gear, and the pitch flaps in preventing
the model from tumbling, and In reducing the amplitude of the
oscillations in pitch, when released'_ from a rose-up attitude in the
landing configuratior.. The results of these tests are presented
on table V-H through V-K and indicate that the deflection of the
landing flaps was the main factor in preventin^ the establishment .'
of a state of tumbling equilibrilun and of reducing the amplitude.of
the oscillations in pitch when the model was in the landing
configuration.

Horizontal Area Installed Rearward of the Model

Installation of horizont al area rearward of the model had a
beneficial. effect on the tumbling characteristics of the model.
Vhen launched with either initial positive or negative pitching
rotation with horizontal :,,rea equal to either 10 percent or, to
5 percent of the winC,, area. installed on a boom rearward of the
motel, the morLel_ stopped tvmuling, made two o?° three oscillations
In hitch of rapidly diminishing zmplitude, and then dived. to the
safety net for all stick - wheel positions. (See table IV-H and
IV-I.) Installation of horizontal area equal. to 2 percent of the
wing area, however, had no appreciable effect on the tumbling
characteristics of the model when the model waa,s launched with
initial pitching rotation. (See table IV-J.)

Tile model would. not start tumbling when released from a
nose-up vertical attitude i,hen any one of the three )reviously
mentioned horizontal a.z-ea.s were installed.. (See ta'ole V-L,. V-M,
and V-N.) After release frond the nose-up attitude, the model made
two or three oscillations in pitch of diminishing amplitude and.
then dived down into the safety net. The reduced. tendency of the
model to tumble and to oscillate in pitch with horizontal area
installed may be explained on the basis of an inc°ease in
longitudinal stability contributed by the horizontal area.

Parachutes

The results of the tests performed to determine whether the
tumbling rotation could be stopped by opening parachutes are

C ON E'IDE;\?TIA.L
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presented on table VIII. It was found that when parachutes attached
to the fixed portion of the wing between the pitch flaps and the
elevens were opened, the towlines and parachutes wrapped around the
wing and the model continued tumbling. Inasmuch as both relatively
short (2.5 feet full scale) and relatively long (30,0 feet full
scale) towlines were tested, the results indicate that parachutes
will probably be entirely ineffective in stepping the tumbling
rotation regardless of towllne length when the towlines are attached
inboard of the extreme wing tips. When a 7—foot full—scale para—
chute was attached to each wing at the extreme tip with either a
10— or a 30--foot full—scale towline, the model stopped tumbling in
one to one and one—half rotations after simultaneous opening of
both parachutes. After the tumbling ro'l-ation stopped, the model
oscillated in pitch approximately =90 0 meastn^ed from the nose—down
position until striking the safety net. Inasmuch as it was pre-
viously in^licatod that the model stopped oscillatin g, and then
dived when it was released from a horizontal attitude, it appears
that the oscillations in p;.tch obtained after the parachutes
stopped the tumbling rotation on the model can be eliminated on
the airplane by releasing the pa=^achutes after the tiz,bling
rotation has definitely been stopped. A motion—picture record of
a tj^ical recovery from a tu rzi:,le by the use o?° parachutes attached
to the wing tins is reproduccd as figure 1'. The model sometimes
stopped tumbling and sometimes continued tixiibling when only the
parachute attac':zed to one wing tip was opene(i for recovery. It
appears, therefore, that in o_Cer to assure cessation of the
tumbling rotation by the use of parachutes, parachutes on both
wing tips should be opened simultaneously.

Prevention and Termination of Tumbling

The results presented herein show that the normal flying
controls of the Northrop N-9M airplane will probably be ineffective
in preventing or in terminating t:le tumbling, rotation. It has
been indicated, however, that deflection of the landing flaps
full down before the tum'.aling rotation has been established may
prevent the development of a stable twitting co:-dltion.

The results presented herein have also sho-vrn that the air-
plane probably will not &,art tumbling unless it is stalled at a
nearly vertical attitude with its nose up or is forced into a
tumble, as by a strong gust. It is recrlmm-ended therefore that
care be exercised when maneuvering to avoid stalling the airplane
with its nose up near the vertical. If the airplane is to be
flown through maneuvers in which the nose becomes nearly vertical,
it is recommended that parachutes be installed for emergency
recovery from a tumble. A satisfactory parachute installation

CONFIDENTIAL
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r: for recovery from a tumble consists of a parachute at least 7 feet
in diameter mounted either inside the structure with provisions
for positive oJection or on the upper surface of each wing tip.
The parachutes should be attached to the rear portion of the
rospectivo wing tip with a towli%o between 10 and 30 feet long
and should be opened siim;-Iteneously for recovery if the airplane
starts to tumble.

If the airplane is inadvertently stalled. with its nose up
and near the vertical, the landing flaps should immediately, be
deflected full dovn as rapidly as posslble in an attempt to „
provent the establishment of a stable tumbling condition.- .If
the landing flaps are deflected full down before the airplane
has fallen off appreciably from the stall, the airplane will not
tumble but will make a few oscillationo in pitch on tae. order of ±1200
after which the oscillations will dEmlo out. The stick should be
moved in a direction such a;-; to counteract the pitching motion in
order to decrease the time required for the oscillations to damp out,

Accelerations in a Tumcle

Approximate calculations were made to determine the accelerations
acting on the pilot 2 s hoad. dLr:ing a typical tumble for flight test
condition number one, Thr, accelerations were considered to be caused
only by the rotation about th9 lateral axis, the effect of.the
vertical and horizontal motions being neglected. The axis of tumbling
rotation was assumed to be at the center of gravity making the
radius from the axis of tumbling rotation to the pilot's head
approximately 3.5 feet. The full--scale .rate of rotation was
approximately 6.3 radians por second. When only the acceleration
due to rotation (g2IR) is considered, it appears that an acceleration
of approximately 4.39 would be. acting on the pilot's head during a
typical tumble. Reference 3 indicates that positive accelerations
(such as to push the pilot down in the seat) of 5g will probably
cause temporary loss of vision. and. that forces of 6 to 79 will cause
loss of consciousness.. It is ft',rther poi.—red out in reference 3
that negative accelerations of throe -tine3 the pull of gravity will
cause symptoms of concuosicn. of the brain a:-ad- that negative accelera—
tions of 5g may result in massive cerebral '..emo^raga6 and death. It
thus appoars that if the airplane tumbL^s, the pilot may be in acute
physical danger as a result of the accelerations created by the
tumbling rotation, especially.:if the airplane tumbles in a direction
such as to cause negative accelerations to act on his body and head.

C Oi]FIDEISI'SAL
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CONCLUSIONS AND RECOMMENDATIONS

On the basis of the results of the tumbling tests of a
1/20—scale modcl of the Northrop N-9V airplane, the following
conclusions and recommendations regarding; the tumbling character-
istics of the airplane at an altitude of 15,000 feet are made.

1. If the airplane is stalled with its nose up and near the
vertical or if an appreciable pitching rotation is imparted to the
airplane as by a gust when it is in the clean configuration for
flight test condition number one, it will either start tumbling or
will oscillate in pitch through a range of angles of the order of
±1200 from the nose—down position. The normal flying controls will
probably be ineffective either in preventing the tumble or in
producing recovery once a tumble has started.

2. Immediate deflection of the landing flaps full down when the
airplane is stalled with its nose up near the vertical will prevent
the airplane from tumbling and will reeuce the tendency of the air-
plane to oscillate in pitch after nosing down from the stall.

3. Simultaneously opening two parachUes 7 feet in diameter
and having a drag coefficient of 0.7, one parachute attached to
the rear portion of each wing tip, will effect recovery from a
tumble.

4. Installation of a horizontal tail of the order of 5 percent
of the wing area rearward of the airplane will prevent the airplane
from tumbling.

5. The tendency of the airplane to tumble and to oscillate in
pitch will not be as great when the center of gravity is forward
approximately 5 percont of the wean aerodynamic chord as when the
center of gravity is in its normal location_ for flight test condition
number one. The tendency of the airplane to tumble will also be
reduced when leading--edge slats are installed.

CONFIDENTIAL
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6. The accelerations acting at the pilot i s head during a
tumble will be dangerous, especially when acting in a negative
direction.

Langley Memorial Aeronautical Laboratory
National Advisory Co=^ittee for Aoronautics

Langley Field, Va.

George F. MacDouaa , Jr.
Aeronautical Engineer

Approved:

Hartley-A.. Soule"
Chief of Stability Research Division

CGB

CONFIDENTIAL



NACA RM No- L6L10	 CONFIDENTIAL	 15

REFERENCES

1. MacDougall, George F., Jr. and Lichtern.stein, Jacob H.: Free-
Spl_ani.ng-Tlumel Tests of a 1/ 20-Scale  Moc-el of the No-rthrop
N-914 Airplane. NACA PH No. L6G30, Array Air Forcea, 1946.

2. Zi=, erman, C. H.: Preliminary Tests in the N.A.0 A. Free-
S pinnj.ng Find Tunnel . NACA Rep. No. 557, 1936. 

3. Armctrong, Harry. G. and Heim, J. LT.: The Effect of Acceleration
on the Living Organism. :AC`s No. 4362, Materiel Div.,
Army Air Corns, Dec. 1, 1937.

CONFIDENTIAL



PIACA PM No. 1.61,10	 CONFSD.FNTTAL	 16

TABLE I.-  Dr4EYSIONAL C1iARACT RI,STICS OF THE

NORT-9ROP 11-%I AIRPLAINTE,

Length over a11,	 ft	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 1.7.78
Propelllers,	 type	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 Pus'_.
Propellers,	 diameter,	 ft	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 7.00
Propellers,	 number	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 2
Propellers,	 bla}es on each	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 2

Vink; :
Span,	 ft	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 60.00
Area,	 sq,	ft	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 490.0
Section,	 root	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . . 1N1ACA-65, 3-019
Section,	 ti p	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . . NACA-65, 3-018
TTTi st,	 tip leading edge down, 	 deF.	.	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 4.0
Dihedral,	 25 percent chord _line, deb; .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 2.0

Aspect ratio 	.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 7-4
Ta?-er	 ratio .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 4.0
Sweepba,ck, 25 percent chord lire, d-eg	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 21.9
Mean aerodynamic chord, 	 in.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 1_09.8
Leading edge of mean aeroa.yn,amic chord rearwa-_d of

leading edge of root choi^!, in. 69.7

Elevons:
Chord -rearward_ of hinge line, ft 1.57
Span,	 percent of wine; spar. 	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 33.6
Area rearward of hinge line, pei•cent of win;; area .	 .	 .	 .	 .	 6.5

Pitch flaps:
Chord,	 percent of wing chord.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 24.2
Span,	 percent of wing span	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 23.6
Area rearward of hinge line, percent of wing area 3.1

Scoop rudders:
Span,	 percent of wing span.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 21.5

Landing flaps:
Span,	 percent of wing span	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 35.3
Total area, percent of wing area .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 10.1

NATICNAL A-',) ISORY
COIVZ4 i!EE FOR AERONAUTICS
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TABLE II.- COIOIPIONS TESTM IN THE 1NVF_STIC.YTION OF THE MML1NC CRAP CTERISTICS OF T17 120-SCALE MODELS OF THE BCRTRRC? W-W A1R°LANE

CONFIDENTIAL

No.

Change from
o	 canrlainal,	 le
configuration

Lading Tape cf launching
Lnndi

flap.

21	
h

flnae
( , as)

Lend in 8
gear

Slc, R-rizontal

area

Splitp
n Caere

?areahutp

attached

F Data

resented

on table

1 No— Flt ht test condi- "ith Initial pitching Neutral 0 Retracted None None None ff-e Iv_A
tlon number 1 rotation

p --------- do---------- ________do_________ Releasedfrom noee_up --- do-- 0 ____do___ _do_ ____do____ ___do____ ___do____ V_A

vertic sl attitude
3 _________do__________ ________do_________ Released with nose app:vz_ _-_do__ 0 ---- do--. _do_ _--- do---- ___do____ ___do____ VI-A

imetely 70o balov

horl zontal
h _________do__________ ________do_________ Released from horizontal ___do__ 0 ---- do--- _do_ ---- do---- __do____ ___do____ VI_B

nttit,Z
_________do__________ ________do_________ Impelled Into tunnel with ___do__ 0 ---- In--- _do_ ____do____ ---4a ---- ___do____ VTT

nose. lightly above

horizontal
6 Equivalent --------do--------- With initial pitching ---do-- 0 ----do--- -do- ----do---- --do-•-- ---do---- IV-B

propeller fin rotation
area installed

7 _________do__________ ________do_________ Released from noee_up ___do__ 0 ____do___ -do_ ----do ---- ___do____ ___do____ V_B

ertical attitude
° None Center of gre♦Stp ith initial pitching ___do__ 0 ___do___ _do_ ____do____ ___do____ ___do____

Iv_C
5 pero..t c rotation
forvard Of

normal location

for fli ght teat

condI ti on

numh." 1
_________do__________ ________do_________ P.leae.d from noee_up ___do__ p ___do__ _do__ ____do____ ___do____ ___do____ V_C

vertical attitude
10 -0-percent eoan light test With initial pitching ---do-- 0 ---do-- pen ----do---- ---do---- ---do---- Iv_D

auxiliary leading- con di tlon rotation

edge elate number 1
alinstled

11 --------- do --------- . _-______do_________ Released f— nnsa_up ___do__ 0 ____do___ _do__ ____do____ ___do____ --- do---- V-D
vertle.al nttit^de

IP 15-percent span -------- do--------- With initial pitching ___do__ 0 ---- do--- -do__ ____do____ ___do____ ___do____
SO-E

auxll iary leading- rot.tinn
ad— slat.

installed

13 _________do__________ ________do _________ P.laaaed Pram noee_up ___do__ 0 ---- do--- _do__ ____do____ ___do____ ___do____ V-E

vertical attitude

14 -35 type split --------do--------- 'i th initial pltehing ---do-- 0 ----do--- lone ----do---- t6oO on ---do---- Iv-y

rudders installed rotation both

ring

tip"

tip15 --------- do__________ ________do_________ .leaned from nose_up ___do__ 0 ____do___ _do__ ____do____ ___do____ v-F

vertical attitude both

ring

tip.

16 Landing ________do_________ With initial pitching 50o don 26 up ',nded -do -- ____do____ Now --- do---- Ir-C

rotation

17 _________do__________ ________do_________ 1.1 eased .from nos.-up ___do__ 26 up _do__ ____do____ ___do____ ___do____ V-0

vertical attitude
1? Landing flap. -------- do--------- __	 _________do__-_-________ ___do__ 0 ----do-__ _do__ ____do____ ___do____ --- do---- V-B

deflected and

leading gear

extended

19 L nding flap. ________do_________ ------------- do------------- --- do-- 0 e1'. :acted -do-- ____do____ ___do____ --- do---- V_I

deflected

20 .,	 P.e^'
________do_________ _____________d n ------------ Neutral 0 ended -do -- ____do____ --- do---- ___do____ v_J

extonled

21 Bitch flap. ________do_________ ------------- do ------------- ___do__ 26 up ,e . -sctal -do__ ____do____ ___do____ ___do____ V_q

22

deflected

Rorizontal area -------- do--------- With initial pitching ___do__ 0 ____do___ _do__ Equal to ___do____ ___do____ IV-g

installed rotation 10 per-

cent of

ring

23 _________do__________ -------- do_________ .leased Prom nose-up, --- do__ 0 ---- do___ -do __

area

 ---- do---- --- do---- --- do____ V_11

op _________do__________ -------- do---------

vertical attitude
With Initial pitching ___do__ 0 ---- do--- _do__ Equal to IV-I

rotation '' par-
ent of

wing

25 _________do__________ ________do_________ Released from nose-up --- do-- 0 ____do___ _do__
area

____do____ ___do____ ___do____ V_M

26 --------- do---------- ________do_________
vertical attitude

With initial pitching ___do__ 0 ____do___ _do__ Equal to ___do____ ___do____ IV-,i

rotation
"per-cent of

ring

_________do__________ ________do_________ R.leaeed f— nose-up
___do__ 0 ____do___ _do__

area
_	 do____ --- do---- ___do__-_ V-N

27
vertical attitude

28 Try parachute.
________do_________ With initial pitching

___do__ 0 ____do___ _do-- None ___do____ Betvaen VIII

inetellad rotation
.1....

and

pitch

flaps

_------________-----do ----- ___do_ 0 ____do__ _do_ ____do____ ___do____ At vI.g VIII

29
________-do__________ ________do_________

tip

___do_ p ____do__ _de_ ____do____ ___do____ MT

30 One parachute
________do_________ _____________do-___________

Beel.vona

Installed end

pitch

flaps
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TABLE. IV.- TU4BL N[; CHARACTERISTICS OF TEE 1/20-SCALE MODELS OF THE NOMMOP N-9M AIRFLA

'-= LAUNCHED WITH INITIAL PITCHM ROTATION

Tunnel airspeed for all testa vse approximately 65 feet per eeco4

CONFIDENTIAL

Change from
original, clean Loading

Dlrea Son of
initial

Stick Wheel Leffi
Pitch

Lerdi

confSguratlon Stehip	 ng
poson

poe",an flays
'. flays

gear Behavior of model
rotation (deg)

A. Original model

None Flight test condition
number 1

Positive Full back Full left Neutral 0 Retracted Continued tumbling.

Da do_,________ _____do_____ Full forward ____do____ _ __do__ 0 ---- do--- Do.
DO---------- ---------do---------- -----do----- Full back Neutral ---do-- 0 ----do--- Sometime. continued tumbling; sometime,

.topped tumbling end oscillated In
pitch approximately *1200 measured
from the nose-dove position until
etriking safety set.

_____do_____ Neutral ____do____ ___do__ 0 ____do_-_ Continued tumbling.
Do __________ _________do _____do_____ Full forva i ____do____ ___do__ p ____do___ Do.
Do__________ _________do__________ _____do_____ Full back Full r1F)it ___do__ 0 ____do___ Do.
Do---------- ---------do---------- Negative Fullback Full left ---do-- 0 ----do--- Do.
Do _________do__________ _____do_____ Full forward ____do____ ___do__ p ____do___ Do.
Do ---------- ---------do---------- -----do----- Full back Neutral ---do-- 0 ---- do- -- Sometimes continued tumbling; sometimes

;topped tumbling and oscillated in
pItch approximately *120 0 measured
from the nose-dow position until
striking safety net.

Do---------- ---------do---------- -----do----- Neutral ----do---- ---do-- 0 ----do--- Continued tumbling
Do __________ _________do__________ _-___do Fu11 forward ____do____ ___do__ 0 ____do___ Do.
Do ---------- ---------do---------- -----do----- Full back Full right ---do-- 0 ----do--- Sometime. continued t—bling; sometime.

stopped tumbling and oscillated in
Pitch approximately t1200 measured
from the nose-dove position until
;trikIng safety net.

B. Effect of equivalent propeller fin area

Equivalent propeller Flight test condition Positive Full beck Full left Neutral 0 Retracted Continues tumbling.
fin area installed number 1

Do__________ _________do___-______ _____do_____ Full forward ____do____ ___do__ p :___do___ Do.
Do__________ ____do__________ _____do Full back Neutral ___do__ 0 ____do___ Do.
Do__________ _________do__________ _____do_____ Neutral ____do____ ___do__ 0 ____do___ Do.
Do __________ do__________ ----- do----- Full forvard ---- do---- --- do-- 0 ____do___ Do.
Do__________ _________do__________ _____do_____ Full back Full right --- do-- 0 ____do___ Do.
Do __________ _________do__________ Negative ------ do------ Full left ___do__ 0 ____do___ Do.
Do__________ _________ do__________ __-__do__-__ Full forward ____do____ ___do__ 0 ----do --- Do.
Do __________ _________do_____-____ _____do_____ Full back Neutral ___do 0 -:d --- Do.
Do __________ _________do__________ _____do_____ Neutral ____do____ ___do 0 ____do___ Do,
Do __________ _________do__________ _____do_____ Full forward ____do____ ___do__ 0 ____do___ Do.
Do __________ _________do__________ _____do_____ Full back Full right --- d-1 0 ____do___ Do.

C. Effect of center-of-gravity location

None enter-of-gravity Positive Full back Full left Neutral _ Retracted Continued tumbling,
5 percent
forward of no l
location for
flight test
condition
number 1

_________do__________ _____do F^ forward ____do____ ___do__ 0 ---- do--- Do.
Do-________ _________do__________ _____do Full back Neutral ___do__ 0 ____do___ Do.
Do- _________ _ ........ do---------- ----- do----- Neutral ____do____ ___do__ 0 -:::d --- Do.
D - _________do_____-____ _____do_____ Full forward ---- do---- ___do__ 0 ____do___ Do.
Do__________ _________do__________ _____do_____ Full back Full right ___do__ 0 ____do___ Do.

Do---------- ---------do---------- Negative ------do------ Full left ---do-- 0 ----do--- Stopped tumbling, made tw oscillations
In pitch of approximately *1200
measured from the nose-doves position,
than oscillations started to damp out.

Do _________ _________do__________ _____do_____ pull forvard ____do____ ___do__ 0 ---- do--- Sometimes continued tumbling; sometimes
stopped tumbling, made tw oscillations
in pitch of approximntaly *120o
meaauradfrom the nose-dow position,
than osc l Matson. started to dmp out.

Do---------- ---------do---------- -----do----- Full back Neutral ---do-- 0 ----do--- Starved tumbling, made tw oscillations
In pitch of approzimately !1200
measured from the nose-dow position,
than oscillations started to damp out.

Do__________ ---------- ----- do----- Neutral ---- do---- ___do__ 0 --::::do Do.

Do --- -------

:::::::::--d*
---------do---------- -----do----- Full forwwd ----do---- ---do-- O ----do--- Sometimes continued tumbling; sometime-

stopped trmbling, made tw oscillations
In pitch of approximately t1200
measured from the nose-dow Position,
then oecillati on. started to damp out.

Do ---------- ---------do---------- -----de----- Full back Full right ---do-- 0 ----do--- Stopped t=bling, made tw oscillation.
Sn pitch of approzimately t1200

I

measured from the nova-dow position,
than oec111stio is started to damp out.
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TABLE I7.- TRMLIAO CHARACTERISTICS OF THE 1/20-SCAIZ MODELS OF TEE NORTH pOp N-STS AIRPLANE - Continued

CONFIDENTIAL

Change from Direction o
initl al irheel Lending pitch —dingoriginal,	 Ism Load yltchlmg
rotation

Stick pool tlon position flaps Plape g.or Behavior of modelconfiguration
(deg)

D. Effect of 20-pom ant spm clot.

20-percent open, Flight test condition Positive Full bmk Full left Neutral 0 Retracted Continued tumbling.
.—Iliary leading- number 1
edge elate
inatalled

Do__________ --------- do---------- _____do_____ Full forward ____d0____ ___do__ 0 ____do___ Sometimes continued tumbling; Sometime.
stopped tumbling, made two oscillations
in 

pi 

tch of approximately t1200 measured
from the nose-down position, than
oscillations started to damp out._________d0 ------- ___ _____do_____ Fall bmk Want ___do__ 0 ---- do--- Continued tumbling.Do__________ _________do_________. _____do Neutral ____do____ ___do__ 0 ____do___ Do.

Do do_________. _____do_____ Full forward ____do____ --- do-- 0 ____do___ Do.
Do__________ _________do__________ _____do_____ Full back Full right ___do__ 0 ____do___ Do.

__	 _____Do__________	 do_________. _____do_____ Full forward ____do____ ___do__ 0 ____do___ Do.Do__________ _________do__________ Regative Pull book 1 left --- do-- 0 ____do___ Do.Do__________ _________do__________ _____do_____ Full forward ____do____ ___do__ 0 ---- do--- Do.
DO---------- ---------do---------- -----do----- Full back Neutral ---do-- 0 ----do--- Stopped tumbling, made two oscillations

Sn pitch of approximately *1200
measured from the noe e-down position,
then oBoMatfon. started to damp out.

_____do_____ Neutral ____d0____ ___d 0 ____do___ Continued tumbling.D0__________ _________do__________ __--_do_____ Full forward ____do____ __.do-. 0 ____dp___ Do.
Do _do__________ _____do_____ Fnll back Full right --- do-- 0 ____do___ Do.
Do__________ _________do__________ ----- do Full forward ____do____ ___do__ 0 ____dn___ Do.

E. Effect of 35-percent spm clots

35-Peroent span, Flight Lest condition Positive Full bmk Full left Nevtral 0 etracted Continued tumbling.
auxiliary leading- number 1
edge elate
Snetnlled

Do__________ _________do__________ ____do_____ Frill forward ____do____ --- do-- 0 ____do___ topped tumbling, made one or two
„scillatione in pitch of approximately
!1200 meaeored from the noes . down
Position. 

oac 
Illation. started to

damp out, than dived.
Do---------- ---------do---------- ----do----- Full back Neutral ---do-- 0 ----do--- ontinued tumbling.D0__________ _________dp__________ _____do_____ Neutrnl ____d0____ ___do__ 0 ____do___ Do.
Do---------- ---------do---------- ----do----- Full forward ----do---- ---do-- 0 ----do--- Sometimes continued tumbling; sometimes

.topped tumbling, made one or two
cactllatlone in pitch of approximately
11200 measured from the n 	 .-down
position, oscillations started to
damp out, than dived.

Do__________ --------- do---------- _____do_____ Full book Full right ___do__ 0 ____do___ Continued tumbling.
Do__________ _________do__________ _____do_____ Full forward ____do____ ._-d0 __ 0 ____dp___ Do,
DO----'-'--- ---------do---------- Negative Full back Full left ---do-- 0 ----do--- Stoppedtumbling, made one or 

two

oaci11at1one In pitch of approximately
t1200 measured from the n ee-down
position, oscillations started to
damp out, than dived.

D0__________ _________do__________ _____do_____ Full forward ____do____ .__do__ 0 ---- do--- Sometimes continued t bling; sometlmee
stopped tumbling, made one or two
0scilletime In pitch of approximately
11200 measured from the nose . down
poeltlon, oscillations started to
damp out, than dived.

Do__________ --------- do_-_-______ _____do_____ ^>u back Neutral ___do__ 0 ____do___ Stopped tumbling, made one or two
oscillation. in pitch of approximately
t1200 measured from then 	 a-down
position, oscillations atnrted to
d amp out, than dived.

_________dc__________ _____do_____ Neutral ____d0____ ___do__ p Continued tumbling.
Do__________ _________do__________ _____do_____ Full forward ____do ___do__ 0 ____do___ Do.
Do__________ _________do ---- ____-_ _____do_____ Full back Full right ___do__ 0 ____do___ Stopped tumbling, made one or two

osc1111tione in pitch of approximately
!1200 measured from the nose-down
position, oscillation. started to
damp out, than dived.

Do--------- ---------do---------- -----do---- Full forward ----do--- ---do-- 0 ----do--- Sometimes continued tumbling; sometime,
stopped tumbling, made m	 r tw
osc1llatIon. In pl tch of approximately

t1200 measured from the nose-down
position, osci1latims started to
d,rmp cut, than df wed.
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TABLE V.- TUMBLING CHARA-=IS1'ICS OF TAE 1/?O-SCALE MODELS OF THE NORTRROP N-IN AIRPLANE WIL^SI RELEASED

4"TTEIDUT ROTATION FROM A NOSE-UP VERTICAL ATTTTUDE

[Tunnel airspeed for all tests was approximately 75 feet per second full scaled

CONFIDENTIAL

Change from ?itch
orlgfnal, clean Loading Stick Position Wheel Lending 'la a Landingg

Behavior of model
configuration

Po 

sition flaps
deg)

gear

A. Original model

None Flight test condition Full back Full left Neutral 0 Detracted Sometimes tumbled; sometimes
number 1 oscillated in pitch approxi-

mately !1200 measured from the
nose-down position until
striking safety net.

Do---------- --------- do---------- Full forward ----do---- ---do-- 0 ----do--- Do.
Do---------- ---------do---------- Pidl back Neutral ---do-- 0 ----do--- Do.
Do---------- ---------do--------- Neutral ----do---- ---do-- 0 ----do-- Do.
Do°-------- '--------do---------- Full forward ---- do---- --- do-- 0 ----do--- Do.
Do __________ _________ do---------- Pull back Full right ---do-- 0 ----do--- Do.

B. Effect of equivalent propeller fin area

Equivalent propeller Flight test condition Full forward Full left Neutral 0 Petractad Oscillated in pitch approxi-
fin area Installed number 1 mately tl200 measured from

the nose-down position until

striking safety net.
Do---------- ---------do---------- Full back Neutral ---do-- 0 ----do--- Sometimes tumbled; sometimes

oscillated In pitch approxi-
mately *1200 measured from the
nose-dorm position until

striking safety net.
Do---------- ---------do---------- I:eutral ----do---- ---do-- 0 ----do--- Do.
Do---------- ---------do---------- Full forward ----do---- ---do-- 0 ----do--- Do.
Do__________ _________do__________ Full back Full right ___do__ 0 ____do___ Do.

C. Effect of center-of-gravity location

None Center of gravity Full back Full left Neutral 0 etracted Made two oscillations in pitch of

5 percent	 c approximately *120 0 measured

forward of normal from the nose-down position,

location for then oscillations started to

flight test condi- i.9mp out.

tion number 1
Do---------- ---------do---------- Full forward ----do---- ---do-- 0 ----do--- Do.
Do---------- --------- do---------- Full back Neutral ---do-- 0 ----do--- Do.

Do---------- --------- do---------- Neutral ----do---- ---do-- 0 ----do--- Do.
Do---------- ---------do---------- Full forward ----do---- ---do-- 0 ----do--- Do.
Do---------- ---------do----------

Full 
back Full right ---do-- 0 ----do--- Do.

Do---------- ---------do--------- Full forward ----do---- ---do-- 0 ---do--- Do.

D. Effect of 20-percent span slots

20-percent span Flight test condition Full back Full left Neutral 0 Detracted Made two oscillations in pitch of
auxiliary leading- number 1 approximately X1200 measured

edge slatL from the nose-dovn position,

installed then oscillations started to

damp out.
Do__________ _________do__________ Full forward ---- do---- ___do__ 0 ---- do--- Do.
Do---------- ---------do---------- Full back Neutral ---do-- 0 ----do--- Sometimes tumbled; sometimes made

two oscillations In pitch of

approximately 11200 measured from

the nose-down position, then
oscillations started to damp out.

Do__________ --------- do---------- Neutral ---- do---- --- do-- 0 ---- do--- Do.
Do---------- ---------do---------- hull forward ----do---- ---do-- 0 ----do--- Made two oscillations in pitch of

approximately *1200 measured

from the nose-down position,
then oscillations started to

IMP out.
Do---------- --------- do--------- Full back Full right ___do__ 0 ____do___ Do.
Do__________ _________ do__________ Rill forward ____do____ --- do-- 0 ____do___ Do.

CONFIDENTIAL
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



NACA RM No. L6L10

TABLE P.- TWnING CHARACTERISTICS OF TAE 1/20-SCALE MODELS OF THE NORTHROP N-qM AIRPLANE - Continued

.. 23

CONFIDENTIAL
Change

original, fclean Loading Stick positlo 'Wheel Landing flap ceding Behavior of model
configuration position flaps ( deg ) gear

E. Effect of 35-percent span slots

35-Pament span Flight test condition Full back Full left Neutral 0 Retracted Made one or two 
0 slIlatlone In pitchauxiliary leading-

edge slate
number 1

of approximately +1200 measured

installed from the nose-down position, osc111a-

Do---------- ---------do---------- Full forward ----do---- ---do-- 0 ----do---
tions started to damp out, then dived.

DO---------- ---------do---------- Full back Neutral ---do-- 0 ----do---
Do.

Sometimes tumbled; sometimes made one
or two oscillations in pitch of
approximately +120 0 measured from
the nose down position, oscillations

DO----- started to damp out, then dived.
----- ---------do---------- Neutral ----do---- ---do-- 0 ----do--- Made one or two oscillations in pitch

of approximately +1200 measured
from the nose-down position,
oscillations started to damp
out, then dived.DO---------- ---------do---------- Full forward ---do---- ---do-- 0 ----do--- Do.

Do---------- ---------do---------- Full back right ---do-- 0 ----do--- Do.
DO---------- ---------do---------- Full forward ----do---- ---do-- 0 ----do--- Do.

F. Effect of split rudders

XB-35 type split Flight test condition Full back Full left Neutral 0 Retracted Oscillated in pitch approximately
rudders installed number 1 +120° measured from the nose-down
and deflected +_600 position until striking. safety net.
on both ving tips

DO---------- ---------do--------- Full forward ----do---- --- do -- 0 ----do--- Do.
Do---------- --------- do---------- Fall back Neutral ---do-- 0 ----do--- Do.
Do---------- ---------do---------- Neutral ----do---- ---do-- 0 ----do--- Sometimes tumbled; sometimes oscillated

In pitch approximately +1200 measured
from the nose-down position until
striking safety net

Do----- ---- ---------do---------- Full forward ----do---- ---do-- 0 ----do--- Oscillated in pitch approximately +1200
measured from the nose-down position
until striking safety net.

DO---------- ---------d0---------- Full back Full right ---do-- 0 ----do--- Sometimes tumbled; sometimes oscillated
In pitch approximately +1200 measured
from the nose-down position until
striking safety net.

Do---------- ---------do---------- Neutral ----do---- ---do-- O ----do--- Oscillated in pitch approximately +1200
measured from the nose-down position
until striking safety net.

Do--------- ---------do---------- Full forward ----do---- ---do-- 0 ----do--- Do.

G. Effect of landing configuration

Landing Flight teat condition Full back Full left 50° down 26 up Extended Made One or two oscillations in pitch

number 1 of approximately 11200 measured
from the nose-down position,
oscillations started to damp out,
then dived.

Do---------- ---------do---------- Full forward ---- do---- --- do-- 0 ----do--- Do.

Do---------- --------do---------- Full back Neutral ---do-- 0 ----do--- Do.

Do---------- ---------do---------- Neutral ----do---- ---do-- 0 ----do--- Do.
Do---------- ---------do---------- Full forward ----do---- --- do-- 0 ----do--- Do.
Do---------- ---------do---------- Full back Full right ---do-- 0 ----do--- Do.
Do---------- ---------do---------- Full forward ----do---- ---do-- 0 ----do--- Do.

A. Effect of landing flaps and landing gear

Landing flaps Flight test condition Full back Neutral 500 down O Extended Made one or two oscillations in pitch
*-1200 measuredof approximately

deflected and number 1 from the nose-down position]
landing gear oscillations started to damp out,
extended then dived.

DO---------- ---------do---------- Neutral ----do---- ---do-- 0 ----do--- Do.
Do.

Do---------- --------- do---------- Full forward ----do---- --- do-- 0 ----do--- Do.
Do--------- ---------do---------- Full back Full right ---do-- 0 ----do--

I=

•

•
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TABLE V.- TIPABLrIO CPARACTL̂'pSSTIC.^ OF TEE 1120-SCALE MODELS OR THE NORTHROP N-511 AIRPLANE - Concluded

CONFIDENTIAL
Change f3om it

orl ginsl, clean Lced Sng Stick position `'heel L Landing Behavior of modelconfigurntlon positlon flaps de,?) Bey'

I. Effect of lending flaps

Laming flaps Fllnht test condition Full back Full left 50° 0 Retracted Made one or two oscillations in pitch
deflected number 1 of approximately *_120° measured

Prom the nose-dorm position,
oecillatione started to damp out,

Do__________ _________do__________ Rrll forward ---- do---- ___do__ 0 ____do___
then dived.

Do.Do __________ _________do_________- l backFull Neutral ---do-- 0 ----do--- Do.
Do__________ _________do__________ Neutral ____do____ --- do-- 0 ---- do--- Do.

-'------
- "'-d°-- "'---- Full forward ---- do---- --- do-- 0 ---- do--- Do.

Do---------- -----do--------- Full back Full right ___do_- C ____do___ Do.

J. Effect of lending gear

Pitch flaps Flight test condition Full back Neutral Neutral 0 Extended Sometimes tumbled; sometimes oscillated
extended nmber 1 in pitch approximately *-1200

measured from the nose-dove position
until striking safety net.

Do__________ _________do__________ Neutral ---- --- do-- 0 ____do___ Do.
Do __________ _________do__________ Full forward ____do____ ___do__ C ____do___ Do.

K. Effect of pitch flaps

Pitch flaps Flight test condition Rill back Full left Neutral 26 up Retracted Sometimes tumbled; sometimes oscillated
deflected number 1 in pitch approximately ±1200 measured

from the nose-down position until
striking safety net.

Do---------- ---------do---------- Full forward ----do---- ---do-- --do- ----do--- Oscillated in pitch approximately tl20°
measured from the nose-down position
until striking safety net.

Do---------- ---------do---------- Fnrr back Neutral ---do-- --do ----do--- Sometimes tumbled) sometimes oscillated
in pitch approximately 11200 measured
from the ncee-town position until
striking safety net.

Do__________ _________do__________ Neutral ____do____ ___do__ __do ____do___ Do.
Do__________ _________do__________ Rill forward ____do____ ___do__ __do ____do___ Do.
Do__________ _________do__________ I Rill back Full right ___do__ __do ---- do--- Do.

L. Effect of installing horizontal area equal to 10 percent of the wing area

Horizontal area equal Flight test condition Full back Rill left Neutral 0 Retracted Made one or two oscillations in

to 10 percent of number 1 pitch and then dived.

the wing area
Installed on a boom
rearward of the
model

Do__________ _________do__________ _____do______ Neutral --- do-- 0 ____do___ Do.
Do__________ _________do__________ Neutral ____do____ ___do__ 0 ____do___ Do.

Do---------- ---------do---------- Full forward ----do---- ---do-- 0 ----do--- Do.

Do __________ _________do__________ Full back Rill right --- do-- 0 ____do___ Do.

M. Effect of installing horizontal area equal to 5 percent of the wing area

Horizontal area equal light test condition Full beck Full left Neutral 0 Retracted Made one or two oscillations in

to 5 percent of the number 1 pitch, and then dived.

wing area installed
boomon a	 rearward

of the model
Do__________ --------- do---------- Full forward ---- do---- --- do-- 0 ____do___ Do.

Do---------- ---------do---------- Rill back Neutral ---do-- 0 ----do--- Do.

D°__________ _________do__________ Neutral ____do____ ___do__ 0 ____dam___ Do.

Do__________ _________do__________ Rill forward ---- do---- ___do__ 0 ____do___ Do.

170__________ _________ do__________ Full back Pull right --- do-- 0 ____do___ Do.

N. Effect of installing horizontal area equal to 2 percent of the wing area

Horizontal area equal Flight teat condition Full back Full. left Neutral C Retracted Made one or two oscillations in

to 2 percent of the number 1
pitch, and then dived.

ving area Installed
on a boomrearward
of the modal Do.170__________ --------- do---------- Rill forward ____do____ ___do__ 0 ____do___

Do.Do__________ _________do__________ Full back Neutral ___do__ C ____do___
Do.

Do---------- ---------do--------- Neutral do____ ___do__ 0 ____do___
Do.Do__________ _________do__________ Rill forward ---- do---- ___do-- 0 ---- do--
Do.

D^,---------- _________do__________ Full back Full right ___do_- o ____do___

• •
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F IGURE 1.-THREE-VIEW DRAWING OF THE -L SCALE MODEL OF THE NORTHROP N-9M

AIRPLANE AS TESTED IN THE 20 FOOT FREE-SPINNING TUNNEL.CENTER OF GRAVITY

SHOWN FOR FLIGHT TE5T CONDITION NUMBER 1.
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Fig. 2

Figure 2. - A 20 -scale model of the Northrop N-9M airplane as tested

in the 20-foot free-spinning tunnel in the clean configuration.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA,
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Fig. 4
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FIGURE 4.-51MULATE D SLATS TE5TE D ON THE 2̂ 0 SCALE
MODEL OF THE NORTHROP N-9M AIRPLANE,
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Fig. 5

CONFIDENTIAL

n	 ii
^ I	 3.2

^.4
SECTION A-A

CONFIDENTIAL
FIGURE 5-EQUIVALEN T PROPELLER FIN AREA

AS TESTED ON THE 20 SCALE MODEL OF

THE NORTHROP N - 9M AIRPLANE.
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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FIGURE 6.- INSTALLATION OF HORIZONTAL 

AREAS ON A io-SCALE MODEL OF THE 
NORTHROP N-9 M AIRPLANE. 
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XB-35 SPLIT RUDDER 

PITCH FLAP HINGE LINE 

Scoop RUDDER 
HINGE LINE 

N-9M RUD DER CONTROLS 

SPLIT RUDDER HINGE LINE 

XB-35 RUDDER CONTROL S 

CONFIDENTIAL 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

FIGURE7. - COMPARISON Of THE RUDDER CONTROLS Of 

THE NORTHROP N-9M AND X8- 35 AIRPL ANE S. 
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Figure 11.- Typical tumble of the 20 -scale models of the Northrop N-9M

airplane when released from a nose-up attitude. Clean configuration, stick
full back, wheel neutral, scoop rudders and pitch flaps neutral. Camera
speed, 64 frames per second. Velocity of airstream, approximately 75 feet
per second, full-scale.	

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA

CONFIDENTIAL
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NACA RM No. L6LIO CONFIDENTIAL Fig. 12 

Figure 12.-
1 Typical oscillatory motion of the 20 -scale models of the Northrop 

N - 9M airplane when r eleased from a nose-up attitude. Clean configuration, 
stick neutral, wheel neutral, scoop rudders and pitch flaps neutral. Camera 
speed, 64 frames per second. Velocity of airstream, approximately 75 feet 
per second, full-scale. 

LANGLE Y MEM ORIA L AE RONAUTICAL LAB ORATORY - LANGL EY FIELD . VA 

CONFIDENTIAL 
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Figure 13. - Typical action of parachutes in producing recovery from an

established tumble on the 20 -scale models of the Northrop N-9M air-

plane. Clean configuration, stick neutral, wheel neutral, scoop rudders
and pitch flaps neutral. Camera speed, 64 frames per second. Velocity
of airstream, approximately 85 feet per second, full-scale. Towlines
attached to rear portion of wing tips. Parachute diameter, 7 feet full-
scale. Parachute drag coefficient, approximately 0.7. Towline length,
10 feet full-scale.
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