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SUMMARY

An- investigation has been conducted in the Langley 20-foot free-
spinning tunnel to determine the effects of decreasing the rudder
deflection, of decreasing the rudder span, and of differential rudder
movements on the spin and recovery characteristics of a O. 057 -gcale

“model of the Chance Vought XF7U-1 airplane.

The results indicated that decreasing the rudder span or the rudder .
deflections, individually or Jointly, did not seriously alter the spin
or recovery characteristics of the model, and recovery by normal use of

. controls (full rapid rudder reversal followed 1/2 to 1 turn later by -

movement of the stick forward of neutral) remained satisfactory. .
Iinking the original rudders so that the inboard rudder moves from full
with the spin to neutral while the outboard rudder moves from neutral
to full against the spin will also result in satisfactory spin and
recovery characteristics. Calculations of rudder-pedal forces for.
recovery showed that the expected forces would probably be within the
capabilities of a pilot but that it would be advisable to install soms
type of boost in the control system to insure easy and rapid.movement
of the rudders.
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INTRODUCTION

A letter from the contractor reported that in the course of flight
testing the Chance Vought XF7U-1 airplane, 1t was found that the varia-
tion of yaw angle with rudder angle was greater than desirable.
Several remedies were proposed for this condition, including a reduc-

- tion in the maximum rudder deflection from #25° to *15°, reducing the

rudder span by fixing the portion of the rudder below the wing at
neutral, or linking the original rudders to move differentially. In -
addition, horn balances have been incorporated on the rudders. The
Bureau of Asronautics, Department of the Navy, requested that the NACA
determine the effect of these proposed changes on the spin and recovery

characteristics of the XF7U-1 airplane. The spln and recovery charac- .

teristics of the XFTU~ l in the original con:f‘iguration were reported in
reference 1. '

Tests were made with the original rudders with deflections of +25°
and +l5° with the reduced-span rudders with deflections of *25° '
and +l5° and with the original rudders differentially linked with
maximum deflections of 25° and 15°. The model was reballasted to
correspond with the latest information concerning weight, center-of-
gravity location, and moments of inertila, the new loading being quite :
similar to that of the original tests. -

.’biv o | wing span, feet |

Sv : wing area, square feet .

c 'wing or elevator chord at an,y station along the span

c . mean aerodynamic chord, feet

s 'ratio of iistance of center of gravity ‘rearward of leading

edge of mean aerodynamic chord to mean aerodynamic chord
z/T " ratio of distance between center of gravity and root chord -

line to mean aerodynamic chord (positive when center of

gravity is below root chord line) :

m | mass of alrplane, slugs

Iy, Iy, Ig moments of inertia about X, Y, and Z body axes, respec-
tively, slug-:t‘ee‘t:2
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Iy - Iy
-__;;T—- inertia yawing-moment parameter
m
Iy - Iz
— inertia rolling-moment parameter
mb :
Iy - Ix .
— * inertia pitching-moment parameter
rib .
p - air density,‘slugs per cubic foot
" " relative density of airpleme (-—‘-‘i—
. | ~ 7 \pSh
a angle between root chord line and vertical (approximately
: equal to absolute value of angle of attack at plane of
symmetry), degrees
aﬁgle between span axis and horizontal degrees
v ‘ full-scale true rate of descent feet per second
Q full-gcale angular velocity about spin axis, revolutions
per seoond
o helix angle, angle between flight path end vertical,
degrees (For the tests of this model, the,average
absolute value of the helix angls‘was ‘approximately 3°.)
B approximate angle of gideslip at center of gravity, degrees

(Sideslip is inward when inner wing is down by an
_amount greater then the helix angle. )

AFPARATUS AND METHODS

Model

A 0.057-scale model of the XF7U-1 previously tested at Langley was
available and was therefore used for the current investigation. A
three-view drawing of the model as tested with the original rudders is
given in figure l. A sketch showing the original and shortened rudders
is given in figure 2. The dimenslonal characteristics of the airplene
are presented in table I. The model was not altered to incorporate the
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horn balances previously mentioned as this change was expected to have
little effect on the spin and recovery characteristics of the model.

The model was ballasted with lead weights to obtain dynamic
similarity to the airplane at an altitude of 15,000 feet
(p = 0.001496 slug/cubic foot), and a remote-control mechanism was
installed in the model to actuate the controls for recovery tests.
Sufficient moments were exerted on the control surfaces during recovery
tests to insure their full and rapid movements.

-

Wind Tunnel and Testing Technique

- The model tests were performed in the Langley 20-foot free-spinning
tunniel In a manner similar to that described in reference 1. The
testing procedure and the technique for obtaining and converting the .

" data to full-scale values were the same as those used in reference 1.

PRECISION

The model test results presented herein are belleved to be the true
values given by the model within the following limits:

The preceding limits may have been exceeded for certain spins in
which it was difficult to control the model in the tunnel because of
the high rate of descent or because of the wandering or oscillatory
nature of the spin.

Comparison between spin results of airpleanes and corresponding
models (reference 2) indicates that spin-tunnel results are not always
in complete agreement with full-scale spin results. This comparison
indicated that approximately 80 percent of the model recovery tests
predicted satisfactorily the corresponding airplane turms for recovery,
approximately 10 percent underestimated and approximately 10 percedt
overestimated them.
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Because of the impracticability of exact ballasting of the model
and because of small inadvertent changes during testing, the measured -
welght and mass digtribution of the model variled from the true scaled-
down values by the following amounts:

Weight, percent

. e s s s @ . . .

Center~of -gravity location, percent T o o o o
Moments of inertia:

Ix, percent
Iy, percent
Iz, percent

The limits of accuracy of the measuremsnts

Welght, percent

istics are belleved to be:

LI} o o

. Center-of -gravity locatlon, percent c ..
Moments of inertia, percent SRR

- The controls were set with an accuracy of +1°.

TestvConditions

. 0 high to 1 low

e« « 1 aft to O

. 3 high to 1 high‘
5 high to 3 low
6 high to 1 low

of the mass character-

« o %1
. . il
o » 15

The mass characteristics and inertia parameters of the airplane
and of the model as tested are shown in table II.
of the XF7U-1 airplane and model are plotted in figure 3 which can be

The inertlia parameters

. used as en aid in predicting the effects of controls on the spin and
" recovery characteristics as discussed in reference 3.

" The maximum control deflections used for the‘current tests were:

As elevators
As,ailerons

' Ailavators, degrees:

bRudders, ABETOES ¢ « o o+ o o o o o o o s 4 o s e

Intermediate control deflectionsbﬁsed were:

‘Deflected as
Deflected as
Deflected as
Deflected as
" Deflected as

>Ailavators, degrees:

elevator,
elevator,
elevator,
allerons,
ailerons,

'Rudders, two-thirds deflected, degrees - . . - .

stick two-thirds back
stick one-half back .
gtick one-third back .
stick one-third left .
stick two-thirds left

.iiﬁﬁ!!!ﬂiﬁiL

25

right,

15 right,

30 up,
15 up,

25 left
15 left
20 down
15 down
2
. 163
© 10
. 20
E ] 15
. 10

. i . .
. %10
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The differential rudder deflections used were:

Right rudder 25 right, left rudder O

- Full rignt rudder pedal, degrees « « pyopy rugder 15 right, left rudder O

: Right rudder 0, left rudder 25 left
Full left rudder pedal, degrees - « py.p¢ rudder 0, loft rudder 15 left

When the rudders were moved differentially , the inboard rudder
(right rudder in right spin) moved from the position with the spin to
neutral while the outboard rudder moved from neutral to the position
against the spin.

 The differential'deflections of the allavators resulting from
lateral stick displacements are added algebraically to the ailavator
deflections resulting from Jongitudinal stick displacements.

For convenience in this report, longitudinal movement of the stick
will be referred to as elevator deflection, and lateral movement will

~ be referred to as aileron deflection.

 RESUITS AND DISCUSSION

The. results of spin tests of the model are presented in charts 1
to 6. The model data are presented in terms of full-scale values for
the airplane at a test altitude of 15,000 feet. Because right and left
spins were generally similar, data for right spins only are arbitrarily
presented.

Original Rudders and Original Rudder Deflections
Model spin data obtained with the original ruddefs installed with

deflections of #25° are presented in chart 1. These results were
compared with the original results presented. in reference 1 and were

" found to be generally similar.

‘Original Rudders and Reduced Rudder Deflections -

Chart 2 contains data obtained with the original rudders but with
the deflections reduced from 25° to *15°. The results show that the
sping became slightly steeper as shown by the criterion spin (ailerons
1/3 against, elevator 2/3 up), the spin wlith elevator full up and
ailerons full against, and the spin at normal spinning configuration
(ailerons neutral, elevator full up). The data also show that the
recovery characteristics for the model in this configuration were

TR,
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satisfactory by rudder reversal and that recoveries from the criterion
spin and from the spin at normal spinning configuration were satis-
factory even when the rudders were only neutralized in the recovery
attempt. It was noted, however, that recoveries by rudder reversal
becams slower as the elevator setting approached neutral from the up
position, indicating that in a recovery attempt in the airplane, care
should be exercised to avoid premature movement of the elevator down.
Setting the allerons against the spln when the elevator was neutral or
down led to very flat spins from which recovery could not be obtained
by full rudder reversal. This result shows again, as in reference 1,

- that moving the allerons against the spin may be very detrimental to

spin recovery.

Reduced—Span Rudders and Original Rudder Deflections

Results presented in chart 3 show the effect of reducing the rudder
span while retaining the original rudder deflections. Recoveries from
the criterion spin and from the spin at normal configuration for
gpinning were satisfactory. The results again indicated that premature

- movement of the elevator down would adversely affect recoveries.

Reduced Span Rudders and Reduced. Rudder Deflections

Data ob‘bained with the reduced-span rudders and the reduced rudder
deflections are presented in chart 4. These data show that this con-

figuration with the ailerons 1/3 against and the elevator 1/3 up,

resulted in steeper spins than any of the previously tested configura-
tions indicating that the reduced-span rudders and the reduced deflec-.
tions produced a smaller pro-spin moment maintaining the spin than the

' full-span rudders and the original deflections. Recoveriss were sa'bis—

factory by either rudder reversal or rudder neutrallzation

~ Differential Rudder Movemsnt

Test results obtained when the original rudders were linked to
move differentially are shown in charts 5 and 6. Recoveries were satis-
factory when the inboard rudder moved from the position with the spin
to neutral while the outboard rudder was going from neutral to a position
against the spin. When the maximum rudder deflection was 150 there was
not enouoh pro-spin moment to maintain the spin for most control con-
figurations. The adverse effect of setting the ailerons full against
the spin, however, was still obtailned.
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Recommended.Recovery Technique

On the basis of the test results, the use of the following spin-
recovery technique is recommended for all loadings:

The stick should be held full back and laterally neutral. The
rudders should be reversed fully and rapidly followed, 1/2 to 1 turn
later, by movement of the stick briskly forward of neutral while keeping
it laterally neutral. Care should be exercised to avoid premature
movement of the stick forward and also to avold excessive rates of
accelsration in the ensuing recovery dive.

Control Forces

The discussion of the results so far has been based on control
effectiveness alone without regard to the forces required to reverse:
the controls. As previously mentioned, sufficient force was applied to
the controls to move them fully and rapidly for all tests. Sufficient
force must be applied to the airplane controls to move them in a similar
menner in.order for ‘the model and airplane results to be comparable.

Concern has been expressed by the contractor regarding rudder
forces requlred for recovery. Model test data indicate two possible
types of spin for the airplane. The first was at a moderate angle of
attack and the second at a steeper angle of attack such that the model
descended at a rate greater than the tunnel could accommodate. Data ]
reported in reference 1 indicated that the forces required for recovery.

by rudder reversal from the spin at the moderate angle of attack would

be heavy but probably within the capabilities of the pilot. It was felt
that in the steeper spin, forces necessary to reverse the rudder would
probably be higher and might possibly be more than the pilot could
exert. Model force tests could not be made of the model in the steeper
spin because the model could not be held in the tumnnel. Calculations
were therefore made, based on reference 4, for an unbalanced rudder and
on reference 5 for a rudder with 27.9-percent overhang balance, assuming
an angle of attack of 25° at the plane of symetry; and an angle of
outward sideslip at the tail of 15°. The calculations showed that the
forces to fully reverse the rudders for deflections of +25° or +15°
would be more than the pilot could exert. Inasmuch as the model test
data indicated that recoveries from the steeper spin would be satis-
factory by neutralization of the rudders, calculations were made to
determine the forces required to neutralize the rudders. The results
showed that 1350 pounds would be requlired to neutralize unbalanced
rudders from 25 with the spin and 800 pounds from 15° with the spin,

and that 200 pounds would be required to neutralize rudders with

27 .9-percent overhang balance from 25° with the spin. These calculations

.were basged on the original-span rudders. For the reduced-span rudders,
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the magnitude of the forces should be approximately 10 percent less.
Rudder balance appears to be the critical element from the above calcu-
lation. The XF7U-1 airplane has some overhang balance and a horn
balence. The exact amount of balance of the airplane rudders and the
scale effects are wnknown, but from the limited information available,
it appears that the forces calculated for the balanced rudder should
give an approximation of the forces expected on the airplane. It
therefore appears that the forces required for satisfactory recovery of
the airplane may be high but should be within the capabilities of the
pilot, as determined in reference 6. With forces of these magnitudes,
however, rapld movement of the rudders may be difficult, and, because
rapid movement of the rudders is desirable, it may be advisable to
install some type of booster in the control system to insure easy and
rapid movement of the rudders.

CONCLUSIONS

Based on results of spin tests of a 0.057-scale model of the Chance:
Vought XFTU -1 airplane, the following conclusions regerding the spin
and recovery characteristics of the airplane spinning at an altitude.
of 15,000 feet are made:

‘1. The spin and recovery characteristics of the airplane will be
satisfactory with the original rudders and reduced deflections or with
the reduced-span rudders and original or reduced deflections.  Linking -
the original rudders so that. the inboard rudder moves from full with the
spin to neutral while the outboard rudder moves from neutral to against
the spin will also result in satisfactory spin and recovery
characteristics.

2. The pedal forces to move the rudders for recovery should be within

 the pilot's capabilities; it is believed advisable to have some type of
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booster installed in the control system in order to insure easy and
rapid movement of the rudders.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Alr Force Base, Va.

Theodore Bsrman
Aeronautical Research Scientist

Approved: M j/

f-& Thomas A. Harris
Chief of Stability Research Division
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TABIE I.- DIMENSIONAL CHARACTERISTICS

XF7U-1 ATRPLANE

Over-all length,. £t

Wing: : v
Span, £H ¢ .o« o ¢ o s o o o 4 o s s 0 e s s o s s s s s s s . 38.6
Areg, 8 £5 « « o « o o 4 o o o o o o 0 s s 0 o e s e 0 .. L6
Aspect rablo ¢« ¢ o v o ¢ ¢ 4 e 4 e 6 s e e s s s e s s e s s o 3,01
Root chord, IN.s + « « « o o o o o o o 0 o o o o o « o« o + o » 1940
Tip chord, IM. « « ¢ o s+ s o o ¢ o o o o o o o o o s o o+ o » 116.0
Mean aerodynamic chord, dn.. « « « « &+ ¢ ¢ o ¢« s ¢ o ¢« « + « » 157.0
~ L.E. ¢ rearward L.E. root chord, in. O < s )
Taper ratlo « ¢ ¢ ¢« o o ¢ ¢ ¢ o ¢ o o o o o s e s 0 e s 0 oe 0.60
Incidence (constant), deg « « « o o o o0 o s o o o o o & & 0
Dihedral,deg.....................‘. . O
Sweepback of quearter-chord line, deg . » « « « . . s e s . 35
CVA 4-(00)- (12)(40) @.1)(1.0)

Alrfoil section .+ « ¢ o o o o o o

Ailavator: . i
Span, percent b/? C e s e e uie s s e.s
Total area, s £t . « « « o « . . . ..
Area rearward of hinge 1line, s8q £t . . .
Chord, percent c: : -

Inboard station e s 4 e e s s e s s
Outboard station . :

Vertical tall:
Hei@t ft L R ] L] L] * L * * L] .

Total area, Sa. £ + « « ¢ v o ¢ ¢ o o &
Original rudder area, 8q ft . . . . . .
Original rudder span, ft . . . « . . . .
Reduced rudder span, £t .« « « + « & .
Agpect ratio ¢ ¢ ¢ ¢ o 0 v s e e 6 e
Sweepback quarter-chord line, deg . . .
Airfoil section « « ¢« ¢« &« & o ¢ o o . .

NACA RM SLGH3Ca

OF THE CHANCE VOUGHT

e e e e e e e e e .. 2O
B N -

- I 1
O 1
P 7=
e e e e e e e e e T
S I 1
e s e e e e e e e k5
. Modifled.NACA 6h—series

< NACA
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TABLE II.- MASS CHARACTERISTICS AND INERTTA PARAMETERS FOR THE REVISED NORMAL
LOADING OF THE CHANCE VOUGHT XF7U-1 ATRPLANE AND FOR THE LOADING TESTED
) ON THE 0.057-SCALE MODEL
@Iodel values have been converted to corresponding full-scale values,
‘moments of inertia are given about the center of gravity.]
Center-of - | - Moments of ingrtia 1
: avit ' Mass parameters
Weight * ica‘tiﬂn (slug-foet®) P
(1p) — :
. : Ix - I Iy -I Iy - Ix |
level| feet mb . mb mb
‘Airplane
17,629|12.00| 19.08|0.17 | 0 17,420|27,398| 43,845 -122 x 10'” -201 x 1074 323 x 107
Model v -
17,537{11.95| 19.00{0.18 | 0.01 | 17,622} 26,231 (43,165 -106 x 10'1‘ -208 x 10'1* 31k x 10'lL

~_NACA

BOLHOTS WY VOVN

€T
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CHART 1.~ SPIN AND RECOVERY CHARACTERISTICS OF THE 0.057-SCALE MODEL OF THE CHANCE-
VOUGHT XF7U-1 AIRPLANE WITH THE ORIG_INAL RUDDERS AND ORIGINAL RUDDER DEFLECTIONS

(£25°)

[Revised normal loading; flaps neutral- cockpit closed; recovery attempted by rapld full rudder
reversal except as noted (recovery attempted from, and developed—spin data presented for,

rudder—vlith spins); right erect spin

22

Ry

g L ComE——_
o
3
2
o St jeep
3 sp|in
[
= Ap App
>316 Two typeg of spin 33&_ 297
a b. 1 ’
1 1= -
Iy 4g I sU 2
253 0.304
X o
cll 01}- = )
’ ~~
2 2 = 2
Allerons é ,3
1/3 against Bla
»|o
2|5
olm
-~
=
. Two types of spln
a 0.28 A p
214 10U St leep
8 | 6D spiin 42 | au
219 0.37| Ailerons full against 285 253(0.34| At1erons full with
"(Stick left) ' 1L b (stick right)
o0, oo - y 2
5
O b~
sl
g
- S5|E
Glo
~
*
gl
g5
o |
—
)
a .
Lg 18U Stleep
70 | 15D splin
213 | 0.38 5285
d" o0
l!P.ecovery attempted before ‘model in final steeper N b
attitude. : (deg) | {deg)
Visual observation. del N .
Model values
Recovery attempted by moving rudders from full v o)
with the spin to 2/3 against. iﬂxigﬁiﬁdiig {£ps) | trps)
Oscillatory spin, Range of values or average ¢,jj-gcale values.
value given, : U inner wing up Turns for
recovery

W7

D inner wing down
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CHART 2,- SPIN AND RECOVERY CHARACTERISTICS OF THE 0.057-5SCALE MODEL OF THE CHA!
XF7U-1 AIRPLANE WITH THE ORIGINAL RUDDERS AND REDUCED RUDDER DEFLECTIONS (i15

g?E—VOUGHT

Revised normal loading; flaps neutral; cockpit closed; recovery attempted by ra ;
pild full rudder

reversal except as noted (recovery attempted from :md developed-spin dat
rudder-with spins); right erect spins] ’ P P ata presented for,

No |epin

56 | LU

21900.37

>5.'oo

52 |8U
60 18D

{213 {0.37

09 o°

GRS,
.y .
o
oo
oS
&
N
W oy
>334
> 285 ay al
m‘.I]‘f acl 2 )
L]
2
p— Allerons abl, abl
1 1 | 1/3 agailns 2
Al I 1 .
=)
<
~
e Stleep
E sapiin g
> : |~
& > 285 Allerons 3148
gl & o 1/3 against % z
[ e recome
9 By
e K . of |
° Two types of spin AR
92 [
] Stleep
E s piin Lg 4y
' - Two types|of apin
“1  pess 253 |0.31
: e e
1 1 u
. 2%, 3 hadl By
Allerons oas | | 225{0.3
1/3 against oy Y - > :i%;s
l' 1 3, 3;‘% full
Allerons full agalnst 2’ ) with
(3tick left) b b1 (Stick
. o |73 >33 | rignt)
hx
o0
®° %
o | g
=334
B~ PE
w o
~

8Recovery attempted before model in final

steeper attitude.

AR R

ek . dOscillatory spin. Range of values or average

value given.

LRy

\,q-"

7 Recoveries attempted by neutralization of rudders.
®Recoveries attempted by reversing rudders from full
with to 2/3 against.

~_NACA

Model values
converted to
corresponding
full-scale values.
U inner wing up

D inner wing down

lliiiliiiiiiiliiiﬂip

a ¢
(deg) | (deg)
v Q
(fps) | (rps)

Turns for
recovery
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CHART 3.- SPIN AND RECOVERY CHARACTERISTICS OF THE 0,057-SCALE MODEL OF THE CHANCE-VOUGHT
XF7U-1 AIRPLANE WITH THE REDUGED‘Sfﬂg ggDDERS AND ORIGINAL RUDDER DEFLEGTIONS
=25

@eviaed normal loading; flaps neutral; cockpi$ closed; recovery attempted by rapid full rudder
reversal except as noted (recovery attempted from, and developed-spin data presented for,
rudder-with spins); right erect spins| :

7 bbb |
N £
3 3 E,
@ 51 ]
> P
59 29
21N £ oy
App
No |spin 316
1, 1
P85 »285 -1
abe
Allerons ab, abey ab1, é
2/3 against, I 8 4 Allerons
bd, bd 1/% against
1 P4y -aga
T pin
Two types of spin
47 |2u
P g
3 [+% - - 1
g3 b2&5 269 [ 0.29 E
5 a8 a, & =
S H e ab. - 1 %1 “l- -
e 1 Fl 5 o
o3 -2- P 5]
> . s X
LN P
o By 0. n
dy g F
Alerons .. |52 | 5Y Lg. | 3u
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GHART 4.~ SPIN AND RECOVERY CHARACTERISTICS OF THE 0.057-SCALE MODEL OF THE GHANCE-
U-1 AIRPLANE WITH THE REDUGED-SPAN RUDDERS AND REDUCED RUDDER
DEFLECTIONS (%15°) .
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CHART 5.- SPIN AND RECOVERY CHARACTERISTICS OF THE 0.057-SCALE MODEL OF THE CHANCE-

VOUGHT XF7U-1 AIRPLANE WITH THE ORIGINAL RUDDERS LINKED TO MOVE DIFFERENTIALLY
WITH THE ORIGINAL MAXIMUM DEFLECTIONS (¥25°)

Revised normal loading; flaps neutral; cockpit closed; recovery attempted by rapid full rudder

reversal except as noted (recovery attempted from, and develo

ped-spin data presented for,

rudder-with spins); right erect eping
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CHART 6.~ SPIN AND RECOVERY CHARACTERISTICS OF THE 0,057-~SCALE MODEL OF THE CHANCE -
VOUGHT XF7U-1 AIRPLANE WITH THE ORIGINAL RUDDERS LINKED TO MOVE DIFFERENTIALLY
WITH THE REDUCED MAXIMUM DEFLECTIONS (¥15°)

Revised normal loading; flaps neutral; cockpit closed; recovery attempted by rapld rull rudder
reversal except as noted (recovery attempted from, and developed~spin data presented for,
rudder-with spins); right erect spir@]
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' FIGURE L~ THREE-VIEW DRAWING OF THE 0057-SCALE MODEL OF THE
CHANCE -VOUGHT XF7U-I AIRPLANE AS TESTED. |
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