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“TRIM, AND T'[MBLING CHARACTERISTICS OF A El—O--SCALE

MODEL OF THE CONSOLIDATED VULTEE 7002 ATRFLANE
(FLYING MOCK-UP OF XF-92) “

By Walter J. Klinar and Ira P. Jones, Jr.

?} ,

A supplementary wind-tﬁnnel 1nvestigation has been conducted to
determine the effect of rearward positions of the center of gravity on

the spin, longitudinal-trim, and tumbling characteristics of the Ea-scale

model of the Consoclidated Vultee T002 airplane- equipped with the single
‘vertical tall. A few tests were also made with dual vertical tails added
to the model. The model was ballasted to represent the airplane in its
approximate design gross welght for two center-of-gravity positions,.

30 ‘and. 35 percent of the mean aerodynamic’ chord. The original tests
previously reported were for a center-of- gravity position of 24 percent of
the mean aerodynamic chord . -

. The spin and. longitudinal-trim results obtained for the present inves-
tigation were generally simllar to those obtained originally in that the
model generally did not spin: but demonstrated a tendency to trim at high
gtalled angles,of attack. For the current tests, spins were obtained only
when the ailérons were placed against the spin. Though the spins could
o not be terminated by reversing the rudder, moving the ailerons to full
cie sS4 Cthe spin was'éffécti#é“in"stopping”thé’spin'roﬁatidn;'however,'the

model trimmed at high stalled angles of attack after the cessation of the
 spin rotation unless the elevator was down. Brief tests performed ‘with
the center of gravity positioned at 30 percent of the mean aerodynamic
chord showed that by adding the dual vertical tails to the wing tips, the
gpin obtained could be terminated by reversing only the rudders. As was
the case when the single vertical tail alone was installed on the model,

s
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- stalled trim attitudes were obtained after the termination of the spin

rotation. It was necessary to move the elevator from up to 10° down to
pitch the model out of its stalled attitudes when the center of gravity
was at 30 percent of the mean aerodynamic chord; when the center of
gravity was at 35 percent‘of the mean aerodynamic chord, rapid movement
of the elevator from up to 35° down was required to enable the model to
recover from the stalled glides. .

The model tumbled when the center of gravity was at 30 or 35 percent
of the mean aerodynamic chord. The results of the investigation indicated
that reversal of the elevator would probably not be effective in teérminating
- the rotation.. Analysis of the model motion indicated that the accelerations
encountered in a tumble of the 7002 airplane might be dangeroue to a pllot.
The results of the Investigation indicate that limitation of the rearward
position of the center of gravity to about 25 percent mean aerodynamic chord
will prevent the 7002 alrplane from tumbling.

INTRODUCTION

Subsequent to the iseuance of reference 1, additional teats have been
made in the Langley 20- foot free-spinning tunnel on a é%—scale model of the

Consolidated Vultee 7002 airplane to determine the manner in which the spin,
longitudinal - -trim, and tumbling characteristics of the model would be
affected by moving the center of gravity rearward from the original normal
position. The current spin-tunnel investigation was performed because it
was Indicated that the center of gravity on the 7002 airplane would be at

a position farther rearward than had originally been anticipated._ :

The investigation for the most part, was conducted with the single ‘
vertical tail installed on the model. The model was ballasted so that its -
moments of " inertia corresponded to those at its ‘original design gross-weight
1oading and two center-of-gravity positions were tested, 30 and 35 percent

. of the mean aerodynamic chord. In addition, brief spin tests were conducted
with the dual vertical tails installed in conJunction with: the single
vertical ‘tall when the center of gravity ‘wasg poeitioned at 30 percent of the
mean aerodynamic chord° .

b . wing span, feet

s . wing area, square feet
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... -Mmean. aerodynamic~chordw»:ne-v'-~g~“'w*’f“*f~““””“”“”
‘x/3 ratio of distance of center of gravity rearward of leading

edge of mean aerodynamic chord to mean aerodynamic chord

ratio of distance between center of gravity and fuselage

reference line to mean aerodynamic chord, positive when
center of gravity 18 below fuselage reference line

mass of airplane, slugs

moments of inertia ‘about: X Y, and Z body axes, respectively,
slug-feet2 :

inertia yawing-moment parameter

inertia rolling-moment parameter

inertia pitching-momentsparameter

R

alr density, slugs per cublic foot

relative density of airplane (m/pSb)

angle of attack, degrees. (For the spin data presented on
the charts, a 1s the angle bestween fuselage reference line
and vertical and 1s approximately equal to the absolute
value of the angle of attack) :

:thlfull scale true fate of desﬂent feet per second

angle between span axis and horizontal degrees

full scale angular velocity about spin axis, revolutions
per second ) ) ‘ .
Cpgo ~e'-aami)itchi'ng‘-‘-‘nfoﬁe’ﬁt"'coeffi'cient Mfasz)
M pitching moment about center of gravity of airplane

angle of yaw about Z body axis, degrees .-

Loy . -




i ‘7 y L CONPEDENGEAL | NACA RM No. SLgiseh

5%  DBg o eievetor deflection , Positive when trailing edge 1s down
etee’ degrees ‘

3 “eee Ba e.ile‘ron deflection, degrees

e o ’

b o o A

e ° ' B, rudder deflection, poeitive when tra.iling edge is to the

left, degrees

APPARATUS AND METHODS

Model ,

The —J'a-eca.le model of the Consolidated Vultee 7002 a.irplane used for

the investigation reported in reference 1 was used in the current inveeti-
gation. A drawing of the model in the clean condition is shown in figure 1.
The dimensional characteristics of the airplane as represented by the model
are glven in table I. There were no wing fillets on the model. ,

Ae indica.ted in reference l lateral and longitudina.l control are

. combined in one palr of controls ce.lled elevons. Longitudinal control is .
obtained by deflection of the elevons together, and lateral control 1s
obtained by differential deflection of the elevons. Hereinafter, elevon
~deflections for longitudinal and lateral control will be referred to, for
simplicity, as elevator and aileron deflections, respectively.

Wind Tunnel and Testing Technique

Teete were performed in the Langley 20-foot free-spinning tunnel.
The testing technique applied and methods for determining the spin data
‘were essentially the same as those reported in reference 2.. For same of .
the current tests, however, recovery from the spin was attempted by moving
- the allerons from their original againet-the-epin setting to their maximum
deflection in the opposite direction (full with the spin). Provision was
" also made for movement of the eleva.tor down while" the model was In i’ree

flight in the tunnel. . ‘

TEET

The tumbling procedure we.s eimila.r to that glven in reference 1 in
that the model was lsunched in a simulated whip-stall. condition and also
" with forced pitching rotation” (both- poeitive: and negative) . “As is explained
in reference 1, if the model tumbles when launched in either manner, it 1is
taken as an indication that the corresponding airplane might tumble,
although the corresponding airple.ne would be more likely to tumble if the .
model began tumbling when launched with no pitching rotation.
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e precision of the test results and the limits of accuracy of the
measurements of the mass characteristice are considered the same as those
reported in reference 1. ' : -

' Test Conditions

.- The condifidns'testéd:on the model are listéd‘in table'II.‘ The mass

characteristics of the model are listed in table ITI and the lnertia mass

l,parametera for the model as tested are given in both table ITI and

figure 2.
Theﬂféfée;testidata presented were obtained from reference 1.

The maximium normal control deflections used in the current tests were
the same as those utilized during the original investigation: o

Rudder, degrees - S
Right o‘ LI e o . . 3 o . L ) . n L] . ‘ . .. [ o - » o . - 3 . . . . 30 .
Left . ,-‘.,.‘, .“'-‘ e s 8 @ ® 8 sle s e . : o LI S T ‘e e @ e e e e © e e 30

Elevons, degrees
Ag elevators :
UP..-.--ouoo-o*c"o-ooo--.o-olco‘o--- 20
DOWIL o o o o o o o s o o o o o o s s s s s s o o o s o o o o o 20
As allerons ’ » _ o
UD o o o o o o o o o s o s oo o s o s o e e e ease o 15

Figure 3 shows the angular deflectlons of fhefelevons plotted ageinst stick
deflectlon. - - : o , o h :

RESULTS AND DISCUSSION - .

Spin Tests

Single-vertical—taii configuration.- The results of‘the spin 1nveeti;
gation for the model with the single-vertical-tail configuration loaded to

. simulate_the. 7002 airplane with.the. center. of gravity at 30 and 35 percent

of the mean aerodynamic chord are presented in charts 1 and 2, respectively.
These results were generally similar to those obtained when the center of
gravity was at approximately 2Lk percent of the mean aerodynamic chord -
(reported in reference 1) in that the model generally d1d not spin but
demonstrated a tendency to trim at high stalled angles of attack after the
imposed launching rotation was expended. Charts 1 and 2 show that the
model spun only when the ailerons were placed at about 1/3 againgt the spin
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- .when the center-of gravity was at 30 percent 6f the mean aérddynamic choxd
and when the allerons were either partially or fully against the spin when
" the center of gravity was at 35 percent of the mean aerodynamic chord. As.
ig indicated in charts 1 and 2, when the center of gravity was at 30 percent
of the mean aerodynamic chord and the elevator was set to 10° down the model
no longer trimmed in a flat glide but entered a dive, and when the center of
gravity was at 35 percent of the mean aerodynamic chord and the elevator was ‘
set to 60° down, the model pitched inverted. Rudder reversal was ineffective
in terminqting the spin rotation but the results of the tests presented on
chart 1 indicate that the spin rotation could be termigated by movement of -
the allerons to full with the spin. After the ceasation of the spin rotatiom,
however, the results Indicate that the model would generally trim at flat
-stalled angles of attack. ' .

. Results of tests performed to determine the effect of dynamic elevator
~movement in terminating the stalled glides that were obtained after the spin
rotation ceased are presented in table IV. When the center of gravity was.

at 30 percent of the mean serodynamlc chord there was 1little effect of the
dynamic elevator movement in that it was necessary to move the elevator from
up to 10° down to pitch the model out of its stalled attitude. When the
center of gravity was at 35 percent of the mean aerodynamic chord, however,

. rapid movement of the elevator from up to 35° down pitched the model inverted,
indicating a somewhat beneficisl effect of dynamic elevator movement for this
position of the center of gravity. - (Reference 1 indicates that when the
center of gravity wae at about 24 percent of the mean ‘aerodynsmic chord,
moving the elevator slightly down beyond neutral enabled the model to pitch
into a dive.) As is indicated in table IV, when the ‘center of gravity was
at 35 percent of the mean aerodynamlic chord and the elevator was reversed for
recovery from the stalled glides, the model_oscillatéd'in pitch before

. finally pitching inverted, the pitch oscillations being quite large and the

 final pitch to an inverted attitude occurring very rapidly. This maneuver
would certainly be confusing to a pilot and also-déngerqué inasmuch &as it
appears that when it becomes necessary to move the elevator down much beyond
neutral to effect recovery from the stalled glides there exists the possi-

bility that the corresponding airplane might pitéhyipvérted and trim on-

B ~ its back.

: . Addition :of dual-vertical tails.- To -improve the spin recovery charac-
teristics of the model by normal usage of the controls, the dual vertical
‘tails were added at the wing tips, and the center vertical tail was retained.
The tests were conducted with the center of gravity positioned at 30 percent
--of the ‘mean~asrodynamic “chord -and the test data ‘aré predented in chart 3.
Chart 3 shows that although the dual vertical tails contributed sufficlent
damping to prevent the attainment of a condition of spin equilibrium when
the allerons were placed either partially or fully against the spin, the
model now tended‘tO'spin at the normal spin-control configuration. To
expedite tests, recoveries were not attempted from this spin by movement of

' - .
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. ‘the rudders, but the model was launched .into the- tunnel-with" tne rudders

- mE¥ely” §et against +the epin. Inasmuch as the imparted launching rotation
damped out rapidly with the rudders set against the spin, this was taken
a8 an indication that the spin rotation would also have been terminated
rapidly had all three rudders been reversed from with to against the spin.
The flat stalled trim attitudes that were obtained after the cessation of
the spin rotation when only the single vertical tail was installed were
aleo obtained for this configuration of the model.

Static-Force Tests and Scale Comparisan-‘A

A comparison plot of the pitching-mcment characteriatics of the‘
model for center-of-gravity positions of approximately 24, 30,
and 35 percént of the mean aerodynamic chord is shown in Iigure 4. This
plot was derived from the force data presented in reference 1 for the center E
of gravity at about 24 percent of the mean aerodynamic chord. As was
indicated in reference l the force data 1s in general agreement with the
results of the dynamic—model testa as regards prediction of model trim

attitudes for various elevator settings. In order to determine the

‘1-:....4-51118 center of gravity and elevator positions renu_ired_ to prevent trim

at stalled positive angles of attack, cross plots of the pitching-moment
data presented in'figure k4 were made and are presented in figure 5.
Figure 5 shows that. when the center of: gravity 1s at about 24 and 30 percent
of mean aerodynamic chord, elevator deflections somewhat in excess

of 2° down and 17° down, respectively, should effectively terminate

a stalled glide. Extrapolation of the curve for the center of gravity

at 35 percent of the mean aerodynamic chord shows that an elevator deflec-
tion somewhat greater than 30° down would be required to pitch the model
out of a stalled attitude. In addition it i1s shown in figure 5 that 1if
the center of gravity is maintained somewhat forward of 31 percent of the
mean aerodynamic chord normal full down movement of the elevator

(20o down) should be effective in unstalling the model.

A comparison plot of the pitching-moment data ‘obtained on the g%-scale
, spin model of the 7002 airplane, a igLB scale model of the 7002 airplane
tested at GALCIT and a full-scale 7002 airplane tested at Ames Aeronautical
Laboratory is shown in figure 6. Tt will be noted that all three curves are
generslly similar below the stall and that they all break in the uwnstable direc-
tion at an angle of attack of about 350 Uhfortunately no, data are .available

. for the‘———g scale model and the full scale 7002 alrplane for angles of attack

above ho but Inasmuch as the pitching-moment curves for all three versions of
the T002 airplane are generally similar below about L4O° angle of attack it
appears possible that they may be similar throughout the whole angle- of attack
range. Based on this assumption it might be expected that the trim attitudes
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f””"experienced“by'thé*£%=ééé1e 8pin model would indicate rather clqsely?thg trim

conditione that may be expected on the full-scale 7002 airplane.  Tn<this
connection 1t might also be mentioned that the results of previous
longitudinal-trim tests performed in the 8pin tunnsl on a 0.059-scale
model of an airplane did indicate general agreement between the trim
attitudes experienced by the model and the full-scale airplane

(reference 3).- - : I PR ‘ .

Tumbling

ﬂ The results of the présant tumbling injesfigqtion are pressented in
.table V. Results of previous tumbling tests presented in reference 1
showed that the model would not tumble when the center of gravity was at -

about 24 percent of the mean aerodynamic chord.

Although the tumbling tendencies of the model were somewhat greater -
when the center of gravity was at 35 percent of the mean aerodynamic chord
than when the. center of gravity was at 30 percent of the mean aerodynamic .
chord, the results show the model to be capable of tumbling regardless of
elevator setting, for either position of the center of gravity. The:
tumbling motion either consisted of a pitching motion about the Y-axis
(fig. 7), or of a pitching motion combined with yawing and rolling. The
most persistent of these latter motions was a tumble with superimposed. rolling
but the model also cartwheeled at times and at times experienced only a
rolling motion (two sequences shown in fig. 8). .

From the results of the model tests 1t appears that for rearward
poaitions of the center of gravity, if ths 7002 airplane is stalled with
its nase near the vertical or if it 1s forced into a nose-up attitude by
a steong gust, it may tumble. The - tumble may consist either of ‘a pitching:
motion about the Y-axis or a motion consisting of combination of pitching, .
yawing, and rolling as has' just been discussed. Reversal of the elevator
will protatly be ineffective in terminating the developed tumble. It
appears from the results of reference 1 and from the present investigation
that 1t will be necessary to 1limit the center of 'gravity to approxi-
mately 25 percent of the mean aerodynamic chord to insure that .
the 7002 airplane does not tumble. o S

~An analysis of the motion of the 7002 model during tumbles was made
in. order to-compute-the instantaneous’ transverss and normAl accelerations
acting at a pilot's head during a tumble. The centripetal acceleration
and the tangential acceleration due to changes in rate of rotation were
consldered 1n these computations, The model was assumed to descend along
a straight path and to tumble about its center of gravity. A tabulation

of the computed accelerations for three gseparate tumbles when the center

;
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“of gravity vas a8t 35 percent of the mean aerodynamic chord is shown 1n

table VI. Theme accelerations. are considered to be indicative of the
accelerations that may exist during tumbles of the. 7002 airplane. Table VI

- shows that the accelerations vary rapidly in magnitude and direction and

‘that the most critical accelerations are a negative normal acceleration

-Innnhina the pilot upward in hia geat\ of 9. Sn and & tranaverse accelera-

Mwaidaals VAU —aa=

tion (pushing the pilot forward in his seat) of the order of 16. .7g. Since
the model was approximately lével when these accelerations occurred, adding
the effects of gravity (1 g) to these accelerations causes the negative
normal acceleration to be reduced by 1 g, whereas the transverse accelera-
tion is unaffected.

Inaamuch ag the peak accelerations are of such short . duration, it is

. not, known whether they will be harmful to a pilot but the available informa-

tfdn:on the subject indicates that the acceleratione experienced may be
dangerous. Reference L4, issued in 1937, indicates that there is ‘1ittle time
lag in negative normal accelerations and that accelerations of -3g will
csuse symptoms of concussion, whoreas accelerations of the order of -5g may:

' result in massive cerebral hemorrhages and death. Reference i further

indicates that transverse accelérations are well tolerated up to 1l2g,’ ‘the
principal physiological effect of high transverse g being a: ‘compression of
the framework of the body tending to induce. forced expiration and resulting
in an involuntary holding of the breath. More recent experiments

(references 5 and 6) have indicated that normal accelerations of -3.6g
lasting for 7 seconds, -4g lasting for 0.3 second, -7g lasting for 0.17 second,
and -1llg lasting for 0.003 second have been demonstrated by human subJjecte to
be tolerable. A comparison plot of the accelerations computed to exist at a
pllot's head during the most critical portion of a tumble (that is, where the
highest negative g's are experienced) end a plot derived from references 5

and 6 showing, the negative g's that have been demonstrated to be tolerable is -
shown in figure 9. Filgure 9 shows that excessive accelerations may be

-experienced., In addition, computations made to determine the head venous

pressures ‘that may be experienced by a pilot in a tumble ‘show that the pres-
sures momentarily exceed the danger limit indicated in reference 7. Inasmuch
as the dangerous venous pressures last for only short periods, -however, there
is some question as to thelr harmful effects. On the basis of these refer-
ences 1t may be concluded that the negative normal accelerations encountered
in a tumble might be dangerous to a pilot and, also, that he might Buffer
harmful effects from the high transverse g. ,

et el T T e e

Bdsed on the spin-tunnel test results of the %-‘scale model of the

Consolidated Vultee T002 airplane equlpped with a gingle vertical tall with
the center of gravity at 30 and 35 percent of the mean aerodynamic chord,
the following conclusions are made:
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ey The ‘spif-afd longltudindl-frim characteristics of the ‘airplans

when the center of gravity is at 30 or 35 percent of the mean aerodynamic
chord will be generally similar to those obtained when the cemter of =~
gravity is at 24 percent of the mean aerodynamic chord in that the airplane
will usually not spin but will trim at flat stalled attitudes. ‘

2. Spins will be Qb’té.ined only when .the aileroms are partially or A
fully against the spin. Rudder reversal will be ineffective in terminating
the spins obtainsd, but moving the ailerons to. full with the spin will

terminate the spin rotation. In order to recover from the stalled glides "
‘that will be obtained after termination of the spin rotation it will be ...

necessary to reverse the elevator rapidly fram full up:to 10° down and from
full up to 35° down when the center of gravity is at 30and 3% percent of .

the mean aerodynamic chord, respectively.

3. The airplane will be capable of tumbling and _,el'e{‘a.‘tor reversal will
be ineffective in terminating the tumble. The accelerations encountered. . .
in the tumble may be dangerous to a pilot. . o S

%, To insure against undesirable longit_uding.l_-trim characteristics
and to eliminate the tumbling tendencies of the airplane it is necessary
to 1imit the rearward movement of the center of gravity. TIf the center of -
gravity is not permitted to move farther rearward than 25 percent of the

mean serodynamic chord the airplane will not tumble and will have satis-
factory longitudinal-trim characteristics. DL

5. If the airplane 1s flown at a center-of-gravity position rearward
of 25 percent of ths mean aerodynamic chord, it is recommended that no
spins be attempted on this alrplane and that care be exercised when maneu-
vering to avoid stalling the airplane with its nose up near thev_v_ertical'
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TABLE I.- .DIMENSIONAL CRARACTEBISTICS OF THE CONSOLIDATED VULTEE 7002

ATRPLANE AS SIMULATED ON THE %o--SCALE SPIN MODEL

Single vertical tail|Dual vertical tail
I.engbh over- -all, ft R 41.37 41.37
Wing. _ o '
Span, £t « + ¢ o 40 0 e 00 s . s 29.42 22.83
Arem, BL £t . o e s e e e s e e e 375 366 .4
Section, parallel to airplane ) . .
- center 1ine , . . . . . « v . . NACA 65(06)-006.5 NACA 65(‘06)-006.5
Mean ‘aerodynamic chord, ft . . . . . 16.99 16.99
Leading edge ¢ behind leading e
apex angle wing, In. . . .. . “101.98]. 101.98
Sweepback of leading edge of wing, o B [
deg « s o's o o = g‘;v- e e e .0 60 ’ 60
 oTip chord, An. .« « + « « o 0 o . . 0 68.6
"~ Root chord i £ SR I IR N 305.8 305. 8
Wingdihedral deg « « ¢« s e o o . .0
Taper ratio .....'.‘.,....-. 0 oggh
Aspect ratlo v ¢ o o o 0 o e o . 2.32 142
Distance from c.g. to elevon :
hinge, Pt . s o s e e v 00 e 10.53 10.53
Distance from c.g. to rudder ‘ A
hinge,ft........... 11.% 11.86
Elevon: .. ° ' .
Chord behind hinge 11ins ‘( constant), - A ‘
Av 111.;-,._‘ . .. . LI ) . . L] . . . « . . 3hoh ’ 31"-!"
Area_ of .each elevon behind hinge o 1. ] ‘
line, 8q ft I 33.2 . 25.73
Vertical tail: - . . a
Total area; 8¢ £t ¢ & « « & o « o 0| 67.0 50
Rudder area behind hinge 1line, L v
=10 JE i P LA 13.h i2.h
Chord behind hinge’ line (constent) 5
v INn. 5 o ¢ o o 278 o v o o 80w 19.2 21.0
‘,“Aspect ratio, (pg/ﬁg)}m. PO ST RSP B L) BUNSSp——
. ] NACA
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TABLE IT.- CONDITIONS TESTED ON THE —;‘B-SCALE MODEL OF

oo o tal = e .

=
wl

Center-of-gravity |
position -

. (percent ¢c)

Ao

Vertical-tail | Type of | pata presented in
installation lauwnch - [

Spin tests .

30 .| stngle | Erect spin|  Chart 1.

B Single | Erect spin| - Chart 2

30- ' |single and dual| Erect spin | -  Chart'3

“Dynamic eleva.tor-movement teéts.

30 | single Frect spin |  ‘Table IV.

35 o . Single Erect spin |  Table IV

Tumbling tests

“367 T gingle T wamble | TTeble ¥

35 . Single Tumble Table V

mL ST v



‘_;

ey e

- TABLE IIT.- COMPARISON OF MASS CHARACTERTSTTOS AND:

B

moments of inertia are givem about-center of gravity]

Eo&lei %raluelare_ given as correspmdihgr'f;ull-sca.lé v‘ai,lues,ﬂ“" Ea

A MASS PARAMETERS OF THE LOADINGS TESTED ON THE
4 MODELS AND THE ORTGINAL DESIGN GROSS-WEIGHT LOADING OF THE CONSOLIDATED VULTEE 7002 ATRPLANE

EPIERS

2 ST

R Ee =

No.

‘Weight
(1p)

Center- of? gravity
.~ location

Relative airplaiie
density, -
n

" Moment of inertia. |-

(slug-ft2).

Mags parameters

z /e

x/c

At o At
gea
level

15,000 |.

x

Iy Iy

IX-IY

IY - Iz

Iz - Ix

Compe

mb?

2

;

13

-Alrplane values

Design ‘f:oss
weiggg

)3

11,600,

0.241

0.002

13 T3 | 2182

4,110

27,270|29,629

-Th2 x 10-4

=76 x 10~k

818'x 10~k

Model valuss™ = *

Center of :gravityl
at 30 percent &
§

i

12,175

430 - 00125

B

4,013

28,539/30,350 |.

B0k

Center of '%gra.vity
at 35 percent &

12,175

.35 | .0088

144

4,002

26,806 28, 620 | -

752

HegHIS *ON WY VOVN
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CONRIDENT AL
TABLE IV.- EFFECT OF DYNAMIC EIEVATOR MOV'.EMEN‘I‘ ON THE LONGITUDDIAL- »

L e

'I'R]M CHA'RACTERISTICS OF THE MODEL

Landing gear retracted; cockpit closed.' rudder full with the spin,
allerons neutral; eleva.tor reversed. after forced spin rotation
da.mped. ouﬂ

Initial elevator| Final elevator |’ - Lowing’
17 getting - * setting “|: Beliavior of model following*
, (deging):i s (deg) : elevaterrmovement

Center of gravity at 30 percent 5‘

20 up ‘ 5 down Model remains in flat stalled
- ‘ ’ L ~glide : S
P up | 10 dowm o Mod.el pitched. dcwnwa.rd and entered
‘ v o a dive ,
' L e Model pitched downward and went
20 weoo 15 down. ~ inverted
20 up 20 down | Model pltched downward and went

inverted

Center of gravity e.t 35 percent c

PR Model oscillates somewhat in pitch
20w - | 20dowm ~_ but Temains in stalled attitule

Mod.el me.‘kes several pitching )
- , oscillations, and then pitches
20 up., - 35 down - Inverted. . Sometimes rolls about
o A v X-axls as 1t pitches out of ’
sta.lled. glide o

20 U, ' ‘56-d.o o Mgd_.eg.xpltcnes inverted atter a
o G MR g i i WLy o few pitching oscillations

& B gLy
EY
3
&
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TABLE V.- TIMBLING CHARACTERISTICS OF MODEL

rﬂt‘i@‘uwﬂ N "

Full scale- horizontal velocit canpcnent during tumble 1is a.pproximte]: 50 ft/sec;
allercns and rudder neutral

e wel o

Approximate
Center-of-
gravity . Method | wygyator | T2te of ,
position of positian | descent, 8 Beharior of model
(percent 3) launching full acale .
AR : : (£t/mec) : . ’
. ' . i 1. Enters motion that is a ccm‘bination of tumbling,
O 1o . roiling, and yawing
] 20 Fp " 218 ’ 2. Oscillates in pitch u‘bout a. lnteral axis and.
i Released ‘ - dempe - - o : .
: from - b
30 vertical o . 1. Tumbles with poaitive pitching rotation.
_nose up 0° ' 201 2. Enters a motion that 1s a cambination of tum'bling,
attitule v rolling, and- yawing. .-
: 3. Oscillatea in pitch about. lateral axis and’ dampe .
1. Tumbles with positive pitching rotation.
. 2. Tumbles with negative pitching rotatian.. ’
20° down 201 3. Enters motion that is a combination of tumbling,
rolling, and yawing.
L. Rolls mo that elevator opposes tumble and damps.
. 1. Tumbles.
.. - 2. Enters motiom that 1s a combination of tubling
K le] . - 14
With . .} 20°uwp | 231 - | } ‘rolling, and yawing.
20 positive : " .1 3. Pltching damps and model goes into a roll.
- pitching - -
rotation : S ‘1. Enters motion that 1s a combination of tum‘bling
-7 ] 20° dowm 240 . . rolling, and yawing.
: [T 2. Pitching demps and model goes into a roll.
o 1. Enters motion that is a combination of tumbling,
o . : " rolling, and yawing.
with. 207w | 235 2. Stops tumbling in negative direction and tusbles with
30 ;:z:nu:; , : ~ positive pitching rotation. .
rotation ° 1. '.l‘\n'bles.
R 20~ down 235 * 2. Enters motion that is a combination of tumbling,
rolling, and yawing.:
1. Tumbles with positive pitching rotation.
200 218 2. Enters motion that 1s a combination of tum'bling,
Reloased up rolling, and yawing. - .
from. 3. Oscillates in pitch about lateral axis and damps.
35 vertical | ‘1. Tumbles with posit.ive pltching rotation.
nose up o - 2. Enters motion that 1s a combination of tm‘bli.ng
[0} 225 i
‘attitude . |. | rolling, and. yawing. .
’ . 3. Oscillates in’ pitch about lateral axis and da-pn.
: . ' 1. Tumbles with negative pitching rotatida. ’
20° down 221 2. Enters motion that is a combination of tumbling,
) : : . rolling, and yawing. .
With N 1. . Al. Tumbles; sometimes tumble has a rolling osc:llhtion.
posi tive '20° up - ) 234 " 2. Enters motion that is a can'b:lnatim ot t\mbling,
35 plte ‘ rolling, and yawing.
. rotation 20° down 23k . 1. Tumbles; sometimes tumble has a rolling oncillat:lcn.
: 2. Forced pitching rotation damps. )
‘1. Forced pltching rotation damps and model t\n’bles
With £60 u; PEY with positive pitching rotatiom. -
negative LA I 2. Forced pltching rotation damps and model goes _mtg N
. pltching. b— N T oo b B e AR R R 5
EEREEEEN “yotation | = 09 Tunbles; sometimes tumble has a rolling oscillation.
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Do s a3
TAELE VI.- INSTANTANEOUS NOBMAL AND TRANSVERSE ACCELERATIONS AT PILOTS HEAD DURING TUMBLES

. E}enter of gravity at 35 percent 5, full-gcale values givqn]

Elevator domm = - *  Elevator up Flevator down
Time BAccelerations ‘. ZAccelerations Time ®sccelerations
) 1 < « rutan ‘
(sec) (deg) f— -| (deg) (sec)‘ V_.(d:g)
‘| PNorma1| Srranaverse PNormal| CTranaverse ' yormal | STransverse
C(8) | (a) : {8 (8) - B . (&) . {8)
0 | -178] 15 3.70 -179 | -2.03 2.0k . }oO oo -1k | ko
. 064 | 172 1.39 by o |- 192 240 - .| 067 -16| -1.87| 5.6
227| 159 | 1.3 5.39 | -163| 1.0 | 2.13 | a3| -e7| -2.08 | 5.38
J91| 17 | k2 6.19 -154 1.10 3.81 207 k2| ~2.29 | 5.77
255| 132 -.09 6.97 -143 63 4.63. . .268 57| -2.55 6.22 .
318 117 | -.46 7T.58 -131 | . .24 4 .86 335 - -73 | -1.69 6.98 -
.382| 101 | " -.80 8.32 -119 1.08, '5.78 doz| 90| -.36 6.53
b6 85| -1.63 [ 8.68 [ <105 - 2.31 8.25 - M69| -105 | ~-.27 5.82
510 69 |:-2.08f 853 | -87| -2.37 ‘9.4 | 5368| -120 a8 5.37
73l os2 | b 1 | 69| -3.20| 8.80 603) -132| - .80 L.73
637 3b4 =52’ -3.36 | 0 8.31 60| <15 | 147 | heo7
01| 19 -3l -3.29 755 JT37| -154 | 2.07 | 3.27
6k 1 )20 | -3.22 6.50 Bok| -164 | 1.20 2.18
828 -13 to=h -3.39 | 6.00 87| -170 .03 1.67
Bgz2| -32 g| -3.12 I 938 -119| -.67 1.5
956 -b9 20 | -1.12 4,558 ¢ 1.005 | -1.20 | 1.52
1.019| -67 8.4 34 81 5.73 1.072] 166 | -1.38 1.71
1.083{ -83 7.70 ) .32 6.31 | 1.139 158 -1.81
1.147| -99. 6.26 S 62| -%38 Tl 1.206| 18| -2.51
| 1.200] -113 5.25 79| -1.08 8.09 1.273| - 137 | -4.83
1.27%| -127 4,92 5| -1.60 7.96 |1.380| 12k | -8.60
1.338] -140 | 4.83 10| -2.06| 7.85  |1.07| 108 -9.6k.
1.h0L| -1s4 |- L4.56 . 128 -3.55 7.65 1474 | 8| k.05
1.465] -165 | k.33 | 3| . -4.89 5.2 154| 591 543" ,
1.529] -176 : k19 - as7| -3.84 3.80 1.608 k2| 268 | 756"
1.592| <= | -emme R~ T 168 2.8 2.92 |1.675| 28} 1.08 [ 5.60
1.656| —=-= | -mee- —--- 18| -2.02 2.68  [L.ee| 18| 235 | k51
1.720| === | ==--- e ) a7 1438 2.63 - [1.809] 7] =2.95 3.39
1.784| === | mmee- ——— -162 | -59 2.43 1.876 -2 3.4 2.36
1. 8!.7 ——— ————— - U [ ——— © 1 1.0h2 : w3 '
REL L T a(}atrponen‘t; of acceleration “dusTto gravity 1ot included . -

he o o m® 4 e MVl Al M Alinad VT mlm meel e oD 2k
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ONART 1,= SPIN CHARACTERISTIOS OF NODEL WITH Mg.gl‘ GRAYITY AT 30 PIRCENT § AND SINOLE YERTICAL TAIL

oar utmnd, sockpit elosed;

unoi on of rotation; rotatlon to pilot'l right

model :I.mu’lud in an ereot in_ﬁyu&o with the rudder full with the

No spin; laune! rotation daspe in
approximately 12 turns; model rolls
esentinuously with the u.hronl about
the longitudinal body axis in a flat
attitude; vertical velooity: 204,

Nodsl oscillates primarily in
piteh, .

Nodel enters a flat glide and

- L P sinl turning to the left
- . before striking nnty net. .

. i -
68 [30D

\ - jaan

- Nodel oscillates in roll, piteh,
0.21 |20% nd yaw,

==

MNodel enters sither flat glide or
i ». dive depending upon the atti-
H tude of piteh when the uunnru
are reversed.

o spin; launehing rotation dasps in
zznnunly 5 turns; model enters n
t stalled glide lm turns

vertieal velooity: .

R owly t
right, oscillating 1in oﬁ"“h s it nuu,

o o

No spin; launohing rotation dnql
1 turn; model enters a flat stalled
glide and begins turning to the left
befors -mku‘ utny net; nnl.ni
nloclty' 20,

No- spin; launching rotation desps in
approxisately 8 turns; model rolls
sontinuously with th- ailerons about the

204,

vertioal velocity:

longitudinal body axis in a flat attitude;

80 | 5D
0,18 po

Model osoillates in pitch and
spine. with large redius

mﬂ mately 5 turns; model-enters a
g13de; vertical velooity: 204,

”“::u launching rotation damps out in

¥o spin; launching votatiosm damps in
gpnn-nly 3 tums; model enters a
at stalled glide and begins turm:
to the left before striking safety net;
vertical velooity: 204,

e radius spin, MNodel

eseillates in pitoh and
wanders.

No spin; llunehiu rotation dsmps in
spproximately 6 turns; model enters
stesp dive then fhttonl and starts to
roll continuously with the .uorom.
about the longitudinal bedy axis -
vertisal velooity: 20%. :

orons full againet] _
Llevatop: full
A

Koy to sontrol
setting .

srons il'l'ﬂ
Elevators neutral

arons

“1Elevators full y

=1 Kevators® mutnl B

erons neutral

._" .- - . " . ]
Srons neutry _|Atlsrons W
"{Elevators neutral

A n-onl 0,
ors f\ll

Ailarons full mlnn ____.__J________
nwnon full down

“{Elevators neutrsl
L

u-a.u

[*iTerons neutral
Elevators 5° down

Allerons neutral
Tlevatora 100 down

erons neutr

, eTORS wit
Llevators full down

Llevators full down

¥o spin; after launching rotation damps,
nl.oenr 204,

model enters a flat glide; vornnl EERR

Yo .:xu- after launching rotation damps,
el goes iato a dive.

'
1
]
1
'
1
!
1
1
|
!
1
|
1
|
|
!
!
1

" |¥o spin; launching rotation.damps

in
rpprexi-tn].y 5 turns; sodel enters &
nup dive; goss inv erted.

e

o apin; launching rotation dawps out 1n
approximately 3 turns; model enters a
steep dive.

U inner wing up

D ianer wing down

ap means more than 10
turns required for

Tegovary
All yalues 11 seale

SURRREMTAT

o \d
{aeg) (aog} Desoription of spin
1] A
{rpa) (fpa}

Turne . for recovery by
full rudder reversal

Turns for

alleron reversal to path
‘full with the spin

reoovery by Deseription of flight

arser resovery

#2E6IS *ON W VOVN
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CHART 2.~ SPIN AND RECOVERY CHARACTIRISTIOS OF logrlﬁ"gg!g%n OF ORAVITY AT 5% PEMOENT T AND SINGLE VIRTICAL

[undin; gear Ntnotid; cockpit alu_cid’;,l&dnl launoched in an ersct numd_o with tho’rudﬁcr ful_l with the direction of rotation;

> rotation to pilot's right

#2d6IS *ON Wd VOVN

g‘? Rg Nodel_spins Lnivu-y flat - ¥o spin; lsgunching rotation damps in approx- '°-g::i£3u‘ [} t"u;:?:du o;t::l S
o - N Rl ek Wy Tt f
Iy - 1) 1. 8light =T » ed glide of large radius; mode s A L
! L} greatly : Nh““n'i T oscillates in pitoh during th‘ -glide; vertical veloocity: 197. '
0.3 | 197 pitohing osci: , the
r - also present, . = vertical vclociyy: 192_. B .
- ! 1 T
= T
: i : : ! |
. . - i i .
i i | 1‘:; g‘g .| Model oscillates greatly 1 B ! -
H : © in pitoh and wanders. ! :
- - ! i :
: 0.11 |- 201 ! ' .
. = 1 -
! 7, 00 : 1. ;
: . T ] r :
L g 1 . - 1 ~
6 . - N in; launch. rotation damps in i
. :? 2g TFlat stealdy spin with only : No spin; launching rotation damps in °.;Nimu1,iﬂ¢gum.; model enters a -
T slight cseillations in approximately 5 turns; model enters a .| flat glide which oscillates in pitc: ' .
[}
e : roll and piteh. |- <4~ = wide radius flat glide; model oscillates | ———-4 apa begins turning to the left before .
: 0.27 | 195 . in pitch during the glide; vertioal . ‘striking the safety net; vertioal ;
- ; velooity: 192, . C velocity: 197. - "
©o B
T H T '
- : : i _ . L
o spin; lsunehing rotation damps in No -spin; launching rotation damps in. ¥o spin; launching rotation damps in - d
k lp;miilittly’?g tumns; modsl pitches L approxinately 1 turns; mod tors approxisstely- 5 Wmli‘lodl,l enters a - }
and roll#: into & steep dive with . . il .8 rlat glide, mcdel oscillates in pitch flat glide which oscillates in pitch ‘
4 e ]
continuous rolling witk the ailarons - during the glide; vertical velocity: . and begins turning to the left befare
about the longitudinal body axis; 197. R striking the safety net; vertical
vertioal ivelocity: 197. veloeity: 192, :
. - ~
T

¥o spin; after launching i-ptlti.on damps,
model enters a flat gliﬂ.; .model .~
‘e gl

oscillates in pitch B S . . .
vertioal velocity: 197. REEEE N . . . .

K
|

¥o spin; after launshing rotation damps

. model elther pitches inverted or -b-gh’u
. . & tumble, - L R :

e et e Bmeabeet s

Atlerons full agpiast Allerons neutral .JAllerons full with - U 1nner ving,ﬁp
Flevator full-wp _ . ['I]Elevators full Tlevator full ©* .. _ D Ainner wing down -
1 . []

) | e
6D means mors tl:::dlo, il Ll
Koy to ilerons 1/3 against |! . 1 ' Jurng Tequ n y Desoription of
oontrol | Elevators 93 up [ : ! ALL valoes fult Joaze | (PO tope) spin
settings’ i 3 -
- 1 v 4 Turns for recovery
o erons full against 1JAllerons neutral . | [Allerons full with -1 by full rudaer -
“|Elevators neutral Llevators neutral - [~1Elevators neutral : reversal .
; T § T - -

1 I » T
eavons. full -rinn Ailerons neutral - |_lAflerons full with
Elevators full down Llevators full down Elevators full down
- T -




CHART 3.; SPIN CHARACTERISTICS OF NODEL WITH GENTER OF GRAVITY AT 30 PERCENT G WITH SINGLE AND DUAL VERTICAL TAILS INSTALLED

[Lunding gear retracted; cockpit closed; model launched in an erect attitude with the rudder fixed full with the diroetion of rotation -
unless othewhe noted' rotltlon to pilot'l right

by

No spin; launching rotation. damps in 1 "

approximately 10 turns; model rolls

hodol upinl in a hrge rldiul

continuously with the ailerons about - ’ . flat spin and wanders. -
the longitudinal body axis in a flat - - Note: Recovery not attempt-
attitude; vertical velocity: 207. #d by reversal of the: rudders
. e e o but when the model was launchd
i _—— = § ed with rudders set against
. the spin, the rotation damped
[ : 0.16 | 204 |out rapidly thus indicating
I ) : that recovery by reversal of
. . all three rudders would have
. | been rapid.
T | J
N 1 — -
S No spin; launching rotation damps in ]
3 | approxisately 10 turns; model enters ° 1
| a flat glide with rolling oscillations . |
4 | present; vertical velocity: 207. [
Do m— e — | - ——— -
-k |
| S
| 1
I [
| -
[ -
L = |

¢

No spin; launching. rotntion d.n-pn in
approximately 12 turns; model'rolls

continuously vn:h the nilaronl about .-
the longitudinal body axis in a flat:

-attitude; vertical velocity: 210,
g,

{

e e

‘WMo spin; launching rotation damps in
approximately 8 turns; model comes out
ina flat glide with ronins olculluons
“present; nrtiul veloexty. 210. -

Key to | g 11 u
control levators fu p

AiTerons full -gnn-tl__ oo . PETerons meutral Ea

Elevators run up 1 . e

setting |

[— ) neronll/S‘ mt- 1
{ Elevator 2/3 up - 1

" U Anner wing up ¢
‘ "7 D inner wing down © | (deg) | (aeg) Desoription of
All values full scale ‘ spin

Adlerons full against !

l - v
’ ' ) ~AiTevons neutral . (rpa) | (fps)
Elevators neutral - L — e~ ——4 Llevators neutral | - ; P R

1 o

ORGSR

#2d6IS *ON W VOVN
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- o

E levory hinge lire Y Lor”

¢Ruddcr h/ngc’ .
17 @Uo/ vertcal tail) -
0/70' T E. e/evon

Alternate dual ver‘f/co‘/
tail shownin phantorn

15.29"

| F—essn-
= "'/3;70”

i s ——15"

: Rudder h/nge ST % e
. llnc ‘ o VR ) ’ )

, ——1 l—'/.bﬂ J ‘. ,,

24 5/" o

Figure - Dra.wing of a- 20 scale model of' the Consolida.ted Vultee 7002

airplane as tested in the free—apinning tunnel . Center. of gravity
is shown at 24.1 percent '




~7000x16*

~é00 - -800

- Relative mass distribution

s

increased a/dh‘g the wings

oAirplane value
BMeodel valyes

Figure 2.— Comparison of the inertia mass parameters for the design
gross weight of the TOO2 airplane and the loadings tested on the
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30 S

fu// bac/r |
20  . .x\* ‘

up
s
,/
X
NE
\Q§>
Y

d | ' Stick

neutral

~—
Q

/aR
S
X9

- Llevon def/ééﬂo@ deg
N

down

— Righ?
. - elevon
_{--—Left

1 e/evon

SFchk —

full forwara )

' €?OF*V7 @ — 1 - R ) | ,

s R i R IR oA ae;-&;n "”“'A!‘::':;‘--‘:A*;:- ;.; §l .
—~ Sf/ck f’a// fef# —S f/ck 7‘1/// r/gbf -

N
N~ .
N\ M
P

Figure 3. —-Elevon deflections. used on the jh-scale model of the

7002 airplane for varilous control—stick positions for the
gingle— or dual-vertical—tall configurations.




NACA RM No. SI9B2k

R R RS U N VNP R AR B SN MR PR IO etV lCénter o
azsl _ gravity at|__|
‘ ) ‘ 035% C

024 : v I 030% &
"o ‘ A24.0%C |

4//
L
N
]

v
.k
\

B
k)
o

9

0.32,

0l6 - ~ L Klo_d ‘ > P . \/\‘::\(

_m,_,., PR M e | i i R { i

-024

L . ., Fyey . o . - [T F N .
R /= )=

~90 80-70 60-60-40 -60—20-—/0 0 /0 20 30 4050 60 70 80 90

Angle “of attack,cc, deg SR

Figure k4 .— Pitching—‘m‘oment characteristics 6f the -1——- scale model of the

Consolidated Vultee 7002 airpla.ne (wing fillets removed) with single
vertical tall. V¥ = 0°; &, = 095 B,
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I 1t
B %20

S5 | |
o 20° | | ' IR
042 PardumE —

- -008—— ﬁ>// v' .
24 . 26 32 3% 40
Center-cfgravity position

“| | Centerof
-noal—_| gravity at:
o 0 35%¢
gosl—1 O 30%C L

ok

Fig\;re' 5.~ Variation of pi*bchinghmoment coefficient with center—of-gravity
position and elevator setting for the -216— scale model of the

Consolidated Vultee 7002 airplane (wing fillets removed) with single
vertical tail, « = 509 ¥ = 09 &, = 095 &, = 0°,
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Figure T.— Typical motion of model during & tumble consisting only of
pitching about the Y-exis. Pictures taken at approximately 64 frames

per second. T
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(a) Motion congisting of both pitching and rolling.

Figure 8.— Sequence pictures showing tumbling motion of model. Pictures
taken at approximately 64 frames per second.
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(b) Motion consisting of pitching, rolling, and yawing.
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Figure 8.~ Continued.




(b) Concluded.

Figure 8.— Concluded.
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