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NATTONAL ADV ISORY COIWTEE FOR AERONAUTICS

RESEARCH MEMCORANDUM
for the

Bureau of Aeronautics, Department of the Navy

FREE-SPINNING-TUNNEL INVESTIGATION OF A 'é%-SCALE MODEL

OF THE McDONNELL XF2H-1 ATRPLANE

By Theodore Berman

SUMMARY

A spin-recovery lnvestigation has been conducted in the

z
Langley 20-foot free-spinning tunnel on a -éla-scale'model modified to

represent the McDonnell XFZH-1 airplane. The proJect included tests
both with tip tanks installed and with the tanks removed.

The results indicated that the recovery characteristics of the
ailrplane would be satisfactory for all loadings by normal recovery
technique (full reversal of the rudder, followed 1/2 turn later by
movement of the elevator down). The rudder pedal and the elevator
stick forces likely to be encountered in a spin should be within the
capabilities of the pilot.

INTRODUCTION

The Bureau of Aeronautics, Department of the Navy, requested that
the NACA determine the spin and recovery characteristics of the
McDonnell XF2H-1 airplane. This airplane incorporates external tip
tanks in its design, a trend in recent aircraft. Tests were made to
determine the effect of these tanks on the spin and recovery charac-
teristics of the airplane. The XF2H-1 is a development of the
McDonnell XF2D-1 dual-jet, single-place, low-wing fighter, a model
that was tested previously in the Langley 20-foot free-spinning tunnel
(reference 1) and, accordingly, only brief tests were made to evaluate
the spin and recovery characteristics of the XFZ2H-1 alrplane without
tip tanks installed. The XF2H-1 1is heavier than ;
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and has a different wing section, no horizontal tail dihedral, and a
different type of elevator balance. The previously tested model of
the XF2D-1 was modified to represent the XF2H~1 and was used for the
current tests. The wing was rebuilt and the model reballasted, but

the tail changes were not made as it was felt, on the basis of previous

experience, that the change in tail dihedral and elevator balance
would not appreciably affect the spin or recovery characteristics.

Because of the gimilarity of the subJject airplame and the XF2D-1
airplane, tests of the gz-scale model of the XF2H-1 airplane were
limited to erect spins with tip tanks on and off. Only conditions of
tip tank empty and tip tank full were simulated because, on the basis
of reference 2, it was-felt that, if recoveriles were satisfactory for
these two loadings, they would also be satisfactory for all inter-
mediate tip-tank loadings.

SYMBOLS
b wing span, feet
S wing area, square feet
c wing or elevator chord at any statlon along the span
c mean aerodynemic chord, feet
x/c ratio of distance of center of gravity rearward of

leading edge of mean aerodynamic chord to mean
aerodynamic chord

z /g ratio of distance between center of gravity and
fuselage reference line to mean aerodynamic chord
(positive when center of gravity is below fuselage
reference line)

m mass of airplane, slugs

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

Iy - T

S 4 inertia yawing-moment parameter
mb?

Iy - I

-X——E—Z inertia rolling-moment parameter

mb
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Iz = Ix
= Inertia pitching~moment parameter
mb

P alr density, slug per cubic foot

v relative density of airplane (—656

a sngle between fuselage reference line and vertical
(approximately equal to absolute value of angle
of attack at plane of symmetry), degrees

angle between span axis and horizontal, degrees

v full~scale true rate of descent, feet per second

Q full-scale angular ve1001ty about spin axis, revolutions
per second

o helix angle, angle between flight path and vertical,
degrees (For the tests of this model, the average
absolute value of the helix angle was approxi-
mately U4°.)

B approximate angle of sideslip at center of gravity,

degrees (Sideslip is inward when immer wing is
down by an esmount greater than the helix angle.)

APPARATUS AND METHODS

Model

The -él-'a-sca.le model of the X¥2D-1 which was available at the

Langley Laboratory was modified to represent the XF2H-1l. Three-view
drawings of the model as tested and of the airplane are given in
figures 1 and 2, respectively, and their dimensional characteristics
are listed in table I.

The model was ballasted with lead weights to obtain dynamic
gimilarity to the airpla.ne at an altitude of 15,000 feet
(p = 0.001496 slug/cu ft), 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 tesis to
insure their full and rapid movements.
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Wind Tunnel and Testing Technique

The model tests were performed in the Langley 20-~foot free-spinning
tunnel in a manner .similar. to that described in reference 1. The
testing procedure and the technique for obtaining and converting the
data to full-gcale values were the same as those used in reference 1.

PRECISION

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

Gy, GBZ « o o s o s s s s s s e e s e s e s s s s s e s s e s s s s e +1
¢, =Y S T T I S +1
V, percent . « « « « o ¢ o o o o o 6 s 4 o s o s e s s s o o s o o o *D
, percent » « o o + o s s s 4 e s e o st 0 s 5 o 4 o e s s s s e e +2
Turng for recovery:

Vigual observation .« « « « o o ¢ s o » ¢ s o e e e e e e i%

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 gpin results of airplanes and corresponding
models (reference 3) indicates that spin-tunnel results are not always
in camplete agreement with full-scale spin results. This comparison
indicated that approximately 80 percent of the model recovery tests
predicted satisfactorily the corresponding airplane turns for recovery,
approximately 10 percent underestimated, and approximately 10 percent
overestimated them.

Because of the impracticability of exact ballasting of the model
and because of small inadvertent changes during testing, the measured
welght and mass distribution of the model varied from the true scaled-
down values by the following amounts:

Weight, percent « « o =« o « o« « &+ o s o o o o o « « » » 2 low to 1 high

Center-of-gravity location, percent ¢ 3 forward to normal

Moments of inertia:
IX.....-...--.--.;ne-....----~2lO‘W’tOO
Ty « = o o + o o s o o o o s o s s e s s s o+ 3lowto8low
Iz o e o o o v o a o o o o o s s o s o o s o o« o+ o5 lowtolh high

(¢}
.
.
°
o
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s
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The limits of accuracy of the measurements of the mass character-
istics are believed to be:

Weigh‘b, percent s » e 5 o ® © & e 8 e © © o & e @ & ©o 8 s ° o s @ o o il
Center-of-gravity location, percent & .« « o « ¢ o ¢ o o o o o o » o %]
Moments of inertia, percent « « « « « o+ o 2 s o s ¢ o o s o o« o o + %D

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

Tests were made to determine the erect spin and recovery character-
istics of the model in the tank-off, tank-empty, and tank-full conditions
for maximum and intermediate control deflections. The mass character-
istics and inertia parameters of the alrplane and of the model as tested
are shown in table IT. The inertia parameters of the XF2H-1 airplane
and of the model as tested are plotted in figure 3. As discussed in
reference 4, figure 3 can be used as an ald in predicting the effects
of controls on the spin and recovery characteristics of the model.

The tail-damping power factor of the XF2H-1 was calculated by the
method described in reference 2.

The maximum control deflections used for the current tests were:

Rud.d_er, deg s ® e ® ® o & ® & @ ® 6 8 ® © & S e @ o o© 020 right’ 20 left
Elevator, deg - « « « « o o o s ¢ s« o« o o o o » o s « » « 25 up, 11 down
Allerons, deg - = o » « o o o« o« o o« o o s o o s s o « » o 20 up, 20 down

The intermediate control deflections used were:

Rudder two-thirds deflected, deg - « - « o ¢ o o o o o o o o o o o &

S Tt

Elevator two-thirds up, deg =« « » o o o o o s o s o o s o s s o o o

Flevator one-third down, deg = o » = « & o ¢ s o s s s o o o o s o »

Ailerons one-third deflected, deg - « « » o o1s = « o & 6% up,

T
o
:

RESULTS AND DISCUSSION

The results of spin tests of the model are presented in charts 1
to 3. The model data are presented in terms of full-scale values for
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the airplane at a test altitude of 15,000 feet. Because right and left
spins are generally similar, data for right spins only are arbitrarily
presented.

Tip Tanks Empty

Spin data obtained with the model simulating tip tanks empty are
presented in chart 1. The data show that recovery characteristics were
gatigfactory by rudder reversal alone. It appeared that elevator-up
settings were somewhat detrimental and that allerons full against when
the elevator was up was the control configuration that gave the slowest
recovery. BEven this slowest recovery was, however, on the verge of
satisfactory recovery.”

Tip Tanks Full

Chart 2 contains the results of spin tests with the fully loaded
wing-tip tanks simulated. The data show that simultaneous reversal of
the rudder and elevator resulted in satisfactory recoveries but that
reversal of the rudder alone did not give satisfactory recoveries.
Spins were somewhat oscillatory in pitch and aileron-with-the-spin
settings were adverse to recovery. :

Y
Intermediate Tank Loading Conditions

As previously indicated, intermediate tank loading conditions were
not tested inasmuch as figure 4, which is based on reference 2,
indicated that if recoveries are satisfactory from the tank-empty and
tank-full conditions, recoveries should also be satisfaqury for all
intermediate tank-loading conditions by normal use of controls (full
rapid rudder reversal followed approximetely 1/2 turn later by move-
ment of the stick forward of neutral) as all such loadings fall in a
gatisfactory region.

Aerddynamic Effect of Tanks

Unpublished data have indicated that external fuel tanks have
little aerodynemic effect on spin and recovery characteristics and that
any effect of installation of tanks is primarily due to the mass changes
accompanying the tank installation.
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Tank-0ff Condition

Data obtained from spin tests of the model with tanks off are’
presented in chart 3. These data were obtained at the end of the test
program with this model and, because of damage during testing, the model
gave asymmetrical results for right and left spins. Inasmuch as the
model results previously obtained for the tank-on conditions had been
symmetrical, 1t was felt that an average of right and left model spin
test results would give a proper interpretation of the expected full-
scale results with tanks off. Accordingly, the averages of the results
are presented and they indicate satisfactory recoveries at this loading
by reversal of the rudder.

Jettisoning of Wing-Tip Tanks

If any difficulty in recovery is encountered in spins with the
wing-tip tanks installed, the tanks should be Jettisoned and recovery
attempted again by normal recovery technique. Spin-tunnel experlence
has indicated that the Jettisoned tanks will fall clear of the airplane.

Recammended Recovery Technique

On the basis of the test results, the use of the following spin-
recovery technique 1is recommended for all loadings:

The stick should be held full back and laterally neutral. The
rudder should be reversed fully and rapidly against the spin followed,
approximately 1 /2 turn later, by movement of the stick briskly well
forward of neutral while keeping the ailerons neutral. In moving the
stick forward, care should be exercised to avoid excessive rates of
acceleration in the emsuing recovery dive.

Control Forces

The discussion so far has been based on control effectiveness with-
out regard to the forces required to move the controls. Sufficient
force must be applied to the airplame controls to move them similarly
in order for the model and airplane results to be comparable. Tests
in reference 1 showed that the rudder-pedal force of the XF2D-1 in a
spin would be within the capabilities of the pilot. It is therefore
felt that the rudder-pedal force of the XF2H-1 in a spin will also be
within the pilot's capabilities inasmuch as the two airplanes have
gsimilar vertical talls. The elevator stick force was calculated by
the method of reference 5 assuming unbalanced surfaces. The calcu-
lations are therefore believed to be somewhat congervative. It
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was indicated that the elevator stick force would be of the magnitude
of 100 pounds, which is scmewhat high but should be within the pilot's

capabilities.
CONCLUSTIONS

Based on the results of spin tests of a'éa—scale model representing

the McDonnell X¥F2H-1 airplane, the following conclusions are made

‘regarding spin and recovery characteristics:

1. Recovery characteristics of the airplamne will be satisfactory
for all loading condit{ons if recovery is attempted by normal recovery
technique, that is, the rudder is reversed fully and rapidly and
approximately 1/2 turn later the elevator is moved down while keeping
the ailerons neutral.

2. The control forces encountered in the spin should be within
the pilot's capabilities.

Langl ey Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.

Theodore Berman
Aeronautical Research Scientist

spproveds g & e

Thomas A. Harris
Chief of Stability Research Division
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TABLE I.- DIMENSIONAL CHARACTERISITCS OF THE McDONNELL XF2H-1

l.

ATRPLANE AND THE -éB-SCALE MODEL TESTED
Model Airplane
(Full-scale values)
Over-all length, ft - - - - - + & 39-0 40.0
Wing:
Span, £t « = » ¢ o o o o . . 41.5 4i.5
Area, Sq Ft o o + = o o o o o . 294.0 29k.0
Section, wing-fold& - « - « o « - NACA 65 -212 ‘NACA 65 -212
Incidence, deg » = « ¢ « « « o & 0 -0.5
Aspect ratio « o o + o s 4 o o . 5.9 5.9
Dihedral, deg =+ - « » o o + o 6.0 3.0
Mean aerodynamic chord, in. . - 88.4 88.4
Leading edge-of ¢ aft of
leading edge of root chord,
iNe o o e 6 s s e 6 8 s s s s 0 0
Ailerons:
Area aft hinge line, sq £t . . . 18.6 18.8
Span, percent b/2 . . . . . . . 34.6 34.6
Horizontal tail surfaces: 3
Totel area, sq ft s « . - . 59.2 69.9
Span, £t » o ¢« + ¢ o o o 0 o 15.9 - 18.0
Elevator area aft hinge line, )
gq ft - - - o e e e e e . 15.7 17.7
Distance from normal center of -
gravity to elevator hinge
line, £t o « « o « « « o « 18.6 18.8
Dihedral, deg =+ - + « + » - 15.0 0
Vertical tail surfaces:
Total area, sq £t « « « « « . . 39.8 39.8
Rudder area aft hinge line,
sq ft » « - = e o . 10.2 10.2
Distance from normal center of
gravity to rudder hinge
line, 5 . « « « « « & . & 20.3 20.3
Tail-damping power factor . - . 0.000528 0.000463

“!ﬂ‘;"’
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TABLE II.- MASS CHARACTERISTICS AND MASS PARAMETERS POSSIBLE FCR THE
McDONNFLL XF2H-1 AIRPLANE AND TESTED ON THE SIMULATED -2-16-SCALE MODEL
g\(oments of inertia are about center of gravity, model values converted to full scale_a]
Center-of-
I\(Imber 7 ;ra.werit; Mmexgzﬁu;fftg?mia Mass parameters
same Weight location B
e ) e o) Iy - T Iy - I I, - I
fig. 3 Sea | 15,000 - = o S 4 » A Z -~ X
lovel | oot | /0| #° | X I 2 | T 2 22
Adrplane values
1 O iom| 16,7T3| 18.0| 28.5 |0.240| 0.080 | 16,413 | 24,348 | 38,380 | -89 X 1074 | 157 x 1074 | 245 x 1074
Tip tanks
2 on and 17,1731 18.3| 29.1 .2h0| .080]| 22,252 | 24,348 | kh,219 | -23 -215 238
empty
Tip tanks )
3 on and 19,573 | 20.9| 33.2 .240| .080| 56,564 | 25,288 | 78,995 | 297 -510 213
full
Model values
1 Cl:zr;mtion 16,748 | 17.9| 28.% | .225| .080| 16,162 | 24,346 | 38,737 | -9 x 1074 | <16 x 107* | 252 x 107%
Tip tanks Y _
2 on and 16,942 | 18.1| 28.7 | .210| .084| 22,334 | 22,753 42,9181 -5 -222 226
empty
Tip tanks .
3 on and 19,778 21.1| 33.6 2371 .070] 55,892 | 26,162 | 80,076 %£ - =507 228
full : | R

LTIGIS WH VOVN
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e CHART 1.- SPIN AND RECOVERY CHARACTERISTICS OF THE SIMULATED E]-'a-scALE MODEL OF THE
.: McDONNELL XF2H-1 AIRPLANE WITH THE WING-TIP TANKS ON AND EMPTY
»
e fLoading point 2 on table II and filgure 3; flaps neutral; cockpit closed; recovery attempted
*® by rapid full rudder reversal except as noted {recovery attempted from, and steady-spin
..' data presented for, rudder-with spins); right erect spin
e
> ®
[ 1.4
-

Elevator
full up

a b bd
50 {11U 3y U
67 |15D 54 121)
232 p.30 >306 No [spin >306
1 . c, ¢© 1 1
2, 25 ?i’ 3, F-2-]
{Ailerone ]
1/3 against
g
al=
&l s
ol®
ol
» |0
@ |
bl e
oM
4§
=]
b
No |spin No [spin >306
Allerons full against Allerons full with 1 &
=2
(Stick left) (Stick right) 2
§
O~
S | o
[
38
&) 8
-
£
ol
#l'o
@ |
P
®|m
]
i

chspin 3 No |spin

83pin oscillatory in roll, plteh, and yaw. Range of - ®
values or average value given. tdeg) | tdeg)
Recovery attempted before model in final,

steeper attituae. -’:zgsirtz‘i“ii v Q
CRecovery attempted by reversal of rudder corresponding (fpe) | (rps)
d" from full with to 2/3 against the spin, full-scale values.

andering, whipping spin. U inner wing up Turns for

D inner wing down recovery
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CHART 2.~ SPIN AND RECOVERY CHARACTERISTICS OF THE SIMULATED E%-SGALE MODEL OF THE
McDONNELL XF2H-1 AIRPLANE WITH THE WING-TIP TANKS FULLY LOADED

[Loading point 3 on table II and figure 3; flaps neutral; cockplt closed; recovery attempted by
rapld rudder reversal except as noted (regovery attempted from, and steady-spin datas presented
for, rudder-with spins); right erect sping

s
&
-
H=
a ek a
35 2u
50 | 15D
App 4 '
No | epin 3&0 BQE 306 {0.24
1 1 &1 ¢
a a by b
b 1 1°1
b%’ % 2” & ]’K’ 12
g Allerons 1/3 with
] o~
|
2 3
S| x
2l e
@]
HE:
-l
2
No | spin
Allerons full against Ailerons full with
(Stick left) (8tick right)
g
&3
<%
3|
&l g
8l u
42 (-]
a| «t
HES
]
&
No|spin
awanderlng spin, oscillatory 1in pitch.
bRecovery attempted by simultaneous full a
reversal of the rudder and elevator. tdeg) | (deg)
Recovery attempted by reversal of rudder " Model val
from full with to 2/3 against the spin, _ e vertod te v Q
dRecovery attempted by simultaneous reversal corresponding (fps) | (rps)
of the rudder from full with to 2/3 against .7 -caje values.
the spin and the elevator from full up to U  inner wing up Turns for
1/3 down, D inner wing down recovery
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CHART 3.~ SPIN AND RECOVERY CHARACTERISTICES OF THE SIMULATED gBhSGALE MODEL OF THE
MoDONNELL XF2H-1 AIRPLANE IN THE TANK«OFF CONDITION

[Loading point 1 on table II and figure 3; flaps neutral; cockpit closed; recovery attempted by
rapld full rudder reversal except as noted (recovery attempted from, and steady-spin data
presented for rudder-with spins); right erect splnEr

&
85
b
® -3
#2a
g..
b U
5 3 IR
o
2k p.29 £ No [spin 304
1 .1 § b, b,
13, 15 5 8 8
5 it Y
=
Ailerons
. 1/3 with
)
(o —
i M
Allerons & 3
1/3 agalnst a a nl °
2, 2 a8
! 8 <
13 +»
@ w0
[ ~—r
=
Allerons full against Allerons full with
(Stick left) (Stick right)
lm, 1%
5
3|3
ol 8
2| B
&
)
]
b e
[ ] /2]
ed ~
=)
52 |1U
232 {0,135
1 1 c c
25, 3 IE, 2133

aRecovery attempted by reversal of rudder from

bRerull with to 2/3 against the spin,

covery attempted before model in final steeper

attitude.
Visual observation.

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

D inner wing down

a 4
{deg) [ (deg)
v Q
(fpse) (rps}

Turns for
recovery
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Aileron hinge line
line 76% cC
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22.28" L= —O°
Rudder {1 }]nge 4.30"
w.L.2I e/ Ls.ao”
ﬁ%\/?—-—-\\ - 175”7
p—— = ; 1

Figure 1. Drawing of the simulatedssscaie model of the McDonnel
XF2H-1airplane as tested in the free-spinning tunnel.Center
ot gravity is indicatea Tor The empty tip-tanks loading.
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Elevator hing
lleron hinge 784 —~4.31
line 769 C /{ —
|
8.60 | abo
L - 2
260/ |\ ag! :L
i \ < 1L.O6 1 A ——3—;58
\' — A4 265
A& 540 L
12.98
s |(p
\ s
2490
T 123+ -
23.97
13.03 - 109

Rudder hinge
line

Figure 2 - Three-view drawing of the McDonnell XF2H-1 qir-
plane.Dimensions are for as,-Scale model in inchesCenter

of gravity is stiown for thé empty tip-tanks loading. -
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O Arrplane values
O Model values

692
xlO

500

400

e

300

&

200

increased along fhe fuselage

I-Ix Relotive mass distribution

100
0l
Q
= /
% 100 200 “300  -400 “500 - 60040
Iy-I7  Relative mass distribution
mbZ2  increased along the wings

Figure 3.- Mass parameters possible on the McDonnell
XF2H-{ arrplane and tested on the simulated 2'—o-scole
model.
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Figure 4.-Spin design requiremenTs.
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