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Bureau of Aeronautics, Department of the Navy

FREE-SPINNING—TUNNEL TESTS OF A %;—-SCALE MODEL OF THE

'VGRUMMAN X.F'9F—2 AIRPLANE WITH WING—’I'IP TANKS INSTAIIED

By Theodore Berman and Ja.ck H, Wilson

. SUMMARY

An investigation of the spin and recovery cha.racteristics of

_a’ Lh-scale model of the Gru;mma.n XF9F—2 airplane with wing—tip tanks
2
 installed has been conducted.- in the Langley 20—foot free—spinning
tunnel. The effects of control settings and movements on the erect
spin and recovery characteristics of the model for a range of possible
loadings of the tip tanks weré determined. Spin and recovery charac—
teristics without tanks were determined 1n a previous investigation.

: The model resu.lts indicated tha.t the a.:lrpla.ne spins will genera.lly
- be oscillatory and that recoveries will be satisfactory for all
loadings by normal recovery techniqiue (full rudder reversal followed
approximately one-half turn later by moving the elevator d.own) The
‘rudder force necessary for recovery should be within the physical
ca.pa'bility of the pilot but the elevator force may be excessive so
that some type of balance or booster might be necessary, or 1'[; might be
necessa.ry to jJettison the wing—tip tanks. '

' INTRODUCTTON

On many current Jet—propelled fighters there 1s a trend toward
dispersing much of the fuel. in external wing-tip tanks which may in
some. instances be permanently attached to the wing. With wing—tip
tanks installed, the mass distribution of the alrplane changes as the

- fuel 1s used a.nd the spin and recovery cha.racteristics may vary with
this change in loa.ding.
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b In accordance with the request of the Bureau of Aeronautics,
2 Department of the Navy, tests have been made in the Langley 20—foot

- free—spinning tunnel to determine the effect on the spin and recovery
characteris’cics of changing load in external wing-tip tanks on o

a é-)rscale model of the Grumman XFOF-2 airplane. Tests were  performed
~previously in the I.a.ngley 20—foot free—spinning tumnel on the _
'E]):T_SC&l‘e model without ex’cexnal wing-tip tanks. The results of those -

2 A XN gy g T
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tests were reported in reference 1.
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SYMBOLS

b ' » -wing spen, i‘eet

s wing a.rea., square feet
- c S wing or elevator chord at any station along spen
S - - mean aerodynamic chord (M A.C.), Peot
- x/E B ra.tio of dista.nce of center of gravity rearward of

' S leading edge of mean. aerodyna.mic chord to mean aero—

dynamic chord . .
‘zfc . ratio of distance between. center of gravity and thrust

line to mean aerodynsmic chord. (positive vhen c.g.
‘is below thrust 1ine)

n - - mass of airpla.ne R slugs

Iy, Iy, Ig moments oi‘ inertia about X, Y and Z body axes,
' ‘ : respectively,. e;_lug--feet.2 ' ' :

Iy - Iy ' Co v - ‘ :
—> inertia yawlng-moment parameter
mb ' ‘ :

— “inertia rolling-moment parameter-

- mb? ‘ o

—_— inertia pitching-moment parameter

mba_
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| P : eir density, slugs per cublc foot

o relative density of airplane (ps )

o angle between thrust line and vertical (approx. 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

full-scale a.ngular veloc'ity about spin axis » revolutions
per second

g ‘ helix a.ngle° angle 'between flight pa.th and vertical,
e ‘ degrees (For the tests of this model, the average
absolute value of the helix angle was approx. 1&0)

B .' o "a.pproximate angle of sideslip at center of gra.vity,
‘ degrees (Sideslip is inward when inner wing is down
by an amount greater than the helix. angle.)

APPARATUS AND METHODS

Model

The -é]-l':-sca.le model of the Grumman XF9F-—-2 used for the tests of ’

- reference 1 was modified to represent the new con.figlma.tion by the
addition of external wing-tip tanks and by reballasting the model to
‘obtain dynsmic similarity to the airplane with external wing-tip tanks
at an altitude of 20,000 feet (p = 0.001267 slug per cubic foot). A

 three—view drawing of the model as tested is shown in figure 1. The
dimensional characteristics of the model as tested are glven in
table I. The tail—damping power factor was computed by the method
given in reference 2.

3 : o " Wind Tunnel and Testing Technique

The technique used. for obtaining and converting data was the same
as that used for the original XF9F-2 model tests. (See reference 1.)
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Spin—tunnel tests are usually made to determine the spin and
recovery characteristics of the model at the normal splinning control
configuration (elevator full up, ailerons neutral, and rudder full with
the spin) and at various other aileron—elevator control combinations,

- including zero and maximum deflections. Recovery 1s attempted eilther

by rapid full rudder reversal alone or by simultaneous rapid full
rudder and elevator reversal. Tests are also performed to evaluate
the possible adverse effects on recovery of small control deviations
from the normal control configuration for spimmning. For these tests,
the ailerons are set at one—third of the full deflection in the ‘
direction of the slower recoveries and the elevator is set at full up
or two—thirds of its full-up deflection, whichever will cause slower
recoveries. Recovery is attempted either by rapid rudder reversal

wr.alone‘from full with the spin to two—thirds against the spin or by
_ simultaneous rapid rudder reversal from full with the spin to two-

thirds against the spin and movement of the elevator down. This

‘control configuration and movement is referred to as the "criterien .

spin."_ Recovery characteristics of the model are con51dered

satisfactory if recovery from this criterion spin requires 2% turns or
less. . This value has been selected on the baglis of full—scale air—
Plane spin-recovery data that are available for comparison with ’

corresponding model test results..

' If rudder and elevator reversal are uged for recovery, simuL—
taneous movement of these controls is used as & matter of testing
convenience. It is felt that moving rudder and elevator simul—

' taneously leads to s somewhat conservative result inasmuch as the

rudder 18 shielded somewhat by the elevator moving downward as the

rudder is moving against the spin.

PRECISION

The precision of the measurements made and of the data presented
is believed to be the same as that listed in reference 1.

. Test Conditionsd

Tests of the model with external wing—tip tanks were made only for
erect spins, clean condition (flaps and landing gear retracted). The
mass characteristics and inertia parameters of the alrplane and of the
model as tested are shown in table IT and plotted in figure 2. As
discussed in reference 3, figure 2 can be used as an aid in predicting
the relative effectiveness of the controls on the recovery
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characteristics of the model. Figure 3 presents an empirical
criterion which can be used to give an indication of the expected
recovery characteristics of a design as explained in reference 2.

The maximum control deflections used for the current tests were:
Rud.der’ d-eg e ® o e o o @ ‘- e s s e o e o o o o o e 30 ri@t, 30 left 3
Elevator, deg e @ ® o & ® e e e ® & & e © s & © o ¢ o 35 'Ilp, 10 d.m
Ailerons, d.eg e ® o 6 8 ® ® & s ® 8 & ¢ o s o & o e o 20 up, 15 dOVn

Intermediate control deflections used were:

Rudder, two-thirds deflected, deg » « « « + s e o o v v oo o s o 20

Elevator, two—thirds up, deg .. e e e . T 23%
Elevator, two—thirds down, deg e e e e e e e e e e 62‘”
S ' 3

' RESULTS AND DISCUSSION

A preliminary analysis of the proposed tests of the XFOF—2 model

" was made using figure 3. When the model parameters were plotted on

this chart, it was noted that, with the wing—tip tanks one-third full,
the model fell in a region where the expected recovery characteristics
might be unsatisfactory. As explained in reference 2, this portion of
the chart is conservative in that satisfactory models may fall under

' the dividing line, but no unsatisfactory models fall above the line.

It was therefore decided to run tests with the model ballasted for thisvl

condition and other loadings which would glve a representative picture .

of the spin and recovery characteristics for the model at any possible
loading. = The results of the model tests at four representative

. 1oadings are presented in charts 1 to 4 and discussed below.’

' The model date are presented in terms.of the full-scale values for
the airplane at a test altitude of 20,000 feet. Right— and left-gpin -
results were generally simllar, and the results considered slightly
congervative were arbitrarily presented in terms of right spins. For
the condition with tanks one—third full, however, there was an -
appreciable difference in results to.the right and left, apparently
due to ilnadvertent asymmetry of the model assoclated with damage
during testing, and, accordingly, the results obtained 1in both
directions are presented
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Tanks empty.— The results of erect splin tests of the model with
tanks installed at the wing tips (loading point 1 in table II and -
fig. 2) are shown in chart 1. The data show that the spins were
oscillatory, mostly in roll and yaw, a.nd that recoveries by rudder
reversal were sa.tisfa.ctory.

~ Tanks one—third full.- Erect-spin-test data with the tanks one-
third full (loading point 2 in table II and fig. 2) are presented in

.chart 2. As stated previously, results for right and left spins were

not similar. Left splns were gteep and recoveries by full rudder
reversal were rapid, but right spins were flatter and recoveries - ‘
slower with two and one-half turns being required for recovery from the

- criterion spin, which is Just over the border line for satisfactory .

recoverles. It 1is felt that an average of the model right and left

spilns will indicate the behavior of the a.irpla.ne. It can be seen that

an average of the. results indicates satigfactory recoveries by rudder
reversal. Simultaneous reversa.l of the rudder and elevator led to
four—turn recoveries. Thig was considered as an indication that, for

_this loading, movement of the elevator down simultaneously with. rudder
wovement, - probably shielded the rudder somewhat, thus rendering it less

effective. . Normal use of controls (full rapid rudder reversal,

Pollowed. approx. one—half turn Jlater by movement of the elevator down)
would prevent this,." .

‘ Ta.n.ks three—fourths full .- Erect—spin—test data with the tanks
three—fourths full (loading point 3 in table II and fig. 2) are

" presented in chart 3. The results show that the spins were oscillatory
_-in roll, yaw, and pitch and that recoveries from the criterion spin 'by ’
rudder reversal alone were unsatisfactory. When the rudder was ' »

reversed from full with the spin to two-thirds ‘against simulta.neousl;r
with moving the elevator from full up to two—thirds down, the model -
elither recovered. in two turns or had not quite recovered at the end of
two turns. This was considered as an indication that the model was on
the verge of satisfactory recovery. For ‘this 8pin, satisfactory

: ‘recoveries were obtained by simultaneous rudder reversal from full
with to two-thirds against the spin and. movement of the elevator from

full up to full down.

Tankg full.— The results of spin tests of the model with fully |
loaded tanks (loading point 4 in table II and fig. 2) are presented in

chart 4. The spins were oscillatory, mainly in pitch, and recoveries

were s:Lmilar to those obtalned when the wing-tip tanks were three—

Tourths full. Reversal of the rudder in conjunction with movement

of the elevator to full down led to a sa.tisf’a.ctory recovery from the

.criterion spin.
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Control Forces

. The dlscussion of the results has been based on control
effectiveness alone without regard to the forces required to move the
controls. Sufficient force was applied to the controls to move then
fully and rapidly for all tests, Sufficlent force must be applled to
‘the airplane controls to move them in a similar mammer in order for the
model and alrplans results to be comparable. ‘

v Calculations were made based on the informeation in references L
and 5 to determine the expected control forces., The forces were of the
magnitude of 100 and 150 pounds for the rudder and elevator,. respec—
tively. These calculations are qualitative and are felt to be somewhat
congervative; however, inasmuch as the maximum stick push force for an
average pllot using one hand is of the order of 120 pounds (refer—
ence 6) » 1t 1s felt that these calculations indicate that the elevator
- force on the XFOF-P may be excessive and some type of. balance or
booster may be required .

Jettisoning Wing-Tip 'I‘anks

, Information is not available as to whether Jettisoning of the
wing—tip tanks is possible on the XFOF-2., It 1s felt that inasmuch as
with tanks installed, it will be necessary to move the elevator down to
obtain satisfactory recovery from a fully developed spin, and inasmuch
. as the elevator stick force may be excessive, it is desirable that the
tanks: be made Jettisona.ble ‘80 that recovery will be attainable without
: movement of the elevator down.

Spin-—tunnel experience has indicated that when wing-tip tanks are
Jettisoned in a spin, the 'bSIlkS.. will not hit any part of the airplane.

Aerodynamic'Effect of Tanks

‘ Results obtained for the model with tanks empty and corresponding
results in reference 1 for the model without tip tenks were simllar. .
This was taken as an indication that there was no appreciable aero—
dynamic effect of tip tanks upon 8pln and recovery characteristics.

Recommended Rec overy Te chniq_ue

Based on the results obtained for the model, the following
recommendation is made as to recovery _technique for the XF9F-2 airplane.
The rudder should be reversed briskly from full with the spin to full
" against the spin, followed approximately one—half turn later by
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movement of the elevator full down while keeping the allerons neutral.
Care should be exercised to avoid premature movement of the elevator
and of excessive rates of acceleration in the recovery dive.

CONCLUSIONS

The results of spln tests of a i-sca.le model of the Grumman

'IF9F—-2 airplane with tip tanks installed indlcated the following
' conclusions regarding the spin and recovery characteristics of the

airplane at a spin altltude. of 20,000 feet: -

1. Recoveries will be satisfactory and it 1s recommended that for
all loadings, recovery be attempted by briskly reversing the rudder
fully, followed approximately one-half turn later by movement of the
elevator full down while keeping the allerons meutral; care should be

. exercised to avoid prematiure movement of the elevator and of excessive

accelerations in the recovery dive. The spins will de oscillatory,'

" mainly in roll and yaw when the tanks are empty, changing to
" oscillations 1n pitch as the full-tank loa.d.ing is approached.

. . 2, The rud.d.er control force for spin recovery will be within the
physical capebility of the pilot for spin recovery; however, the

~elevator control force for spin recovery might be excessive so that

‘some type of balance or booster may be required, or it might ‘be
necegsary to Jettison the wing—tip tanks, :

La.ngley Aeronaut:lcal La.boratory
National Advisory Committee for Aeronautics

Langley Air Force Base, Va.

Theodore Boerman
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TABLE I.— DIMENSIONAL CHARACTERISTICS OF GRUMMAN

XFOF—2 ATRPLANE WITH WING-ITP TANKS

Ilength OV'eI' a-ll ft 3 3 L[] . 3 . - o e . L] L) - Ll [ . . . . . .
Center—of—gravity location, percent T .« « o o o o o« » o o o o

Wingﬁ

Span, ft e o o o © s e o e o s e s v e o s e e s o o o o -‘

Are&,sq ft s e o o s s s o+ e o o\.' e o o - e o o & @ e & »
SeCtion . . . - ‘n . . s - . . . - e . . . . o" . e e . NACA

L.E. wing at root to elevator hinge, ft . . « « o + ¢ « « .
Incidence, deg + o o o o o o o o o & o o s s s o sie o & o
Dihedral, deg « v « o o o o o o :
-Agpect ratlo ., . . e o0 .

Leading edge of T rearward of L.E. of wing, 1. + . « » « .

Mean a.erOdynﬂm10 ChOrd in. . .o .. . ‘o e o & ¢ s ¢ e o o o 0
Sweepback at 27 percent Cy ABE o v v o o o o o o s o o o .

"~ Aflerons:

Span, ft . . . -‘. . . o . . . ‘- . . . . . L] - . e .v‘.;_vt .
Area aft hinge line, sq £t . . . . + ¢« o ¢ ¢ ¢ ¢ 2 o o . .
Hinge line F) mrcent C . e 8 & s s e ® ® e e s o » s o s .

- Horizontal tail:

SPAN, £t ¢ o s 0 o s .0 o6 o s 0 e 0 o 0 e .
Total area, sq ft « « « . . o s o s s 4 e s e
Elevator area aft hinge line, 8 £t « o o o o W
Incldence, deg e e o s s s e e e s s s e e e

" YVertical tail-

Tot&l 8.1'68., Bq_ ft LI ] o'o oo « o L] . .“.‘ e o o'-nl . o

Total rudder area aft hinge line, sq ft e e s e e e s e

Tail—damping TEBEIO ¢ ¢ o o o o s v o oo e b s e e ;,g;.,.-.”.

 Unshielded—rudder—volume coefficlent . . « « v v o o s o o W
) T&il—d&mping pOWBI‘ factor 0 v- s & o s ® e & & o o o s ‘.v’ ¢ e

RM SLOFOL

37.58
25.1

37.7

250
6414012

0

I

T 3.8
5.92

| 0.0457

10.0128

0.000585




TABLE II.— MASS CHARAC!IERISIICS AND INERTIA PARAMETERS FOR LOADING CONDITIONS

POSSIBLE ON GRUMMAN XFGF-2 ATRPLANE WITH WING-ITP TANKS

(N o [

INSTALLED AND FOR LOADINGS TESTED ON i-scm MODEL
) Edodel values converted to corresponding full-scale values; moments of inertias glven about center of gmvity]
' o 7 ‘ » 7 Conter—of— | Moments of inertia Mass parameters
Rumber Loading W?igl)xt al;a. 20;:006 _ j‘.::i:gn' (51“8-1"52_) Io -1 T L -1
level | feet ys ‘z/AE I Iy I, X - Y Y "2 Z Z "2 p &
. mb mb mb
AAirpla.ne values
1 Tip(gzgz ﬁiﬁ)empty 713(,000 18.0 33.8. 0.240 0.007 7,725 | 19,496 | 25,675 | ~205- X 10| 108 x 107+ 313 x 104
2 Tip tanks one-third full | 13,480 | 18.7| 35.0 | .20 0 12,555 | 19,496 | 30,505 =117 185 302
3 T1p tanks three—fourths full| 14,900 | 20.6 | 38.7 251 | -.010 18,751 19,852 | 36,891 | -17 259 276
4 | Tip tanks full 15,260 | 21.2 | 39.7 7| .251 |=.010 |e2,715 | 19,852 40,855 | i3 312 269
Hodel- values
p | TR tenks on and empty 12,872 | '17.8| 33.5 [0.239 | 0.001 | 7,208 | 19,450 | 24,510 | -216 x 10| B9 x 107 304 x 10
2 | Tip tanks one—third full ' 13,580 | 18.8| 35.% | .ou7| .0103|12,596 | 19,657| 30,524 | 117 -181 ' 298"
3 Tip tanks three-fourths full iu_,Bzo 20.6 | 38.7 257 ;037 20,716 | 21,079 39,627 -5 282 288
I Tip tanks full 15,331 | a1.3 | 39.9 | .24k }-.031 22,620 119,740} 40,185 | 43 ~302 260 -

TOI6IS W VOVN
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CHART 1.~ SPIN AND RECOVERY GHARAGTERISTIOCS OF THE zk_scn,g MODEL OF THE GRUMMAN
XF9F~2 ATRPLANE WITH THE WING-TIP TANKS EMPTY

[Lond.ing point 1 in table II and figure 2;

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 spins] ‘

e
b gg &b ab
»
S8
mo
No | spd. Two oondit.&)onl possible >338 5336
‘ 31 { 11D
1, 1 1 1
6“-» 9u T F 3 F
A .
No |spin agg 0.22/]
[
1 13 8
y al =
Ailerons 3l e
1/3 against . o
: = )
N 21 0
B
o]
rd| ~—
%]
Allerons full against Aiierom full v'ith‘
(8tick lert) (8tiock right)
gl
Of »~
MR
Hl =
a
2|k
A
ol m
1R
HE
o |~
11
b h
7 [12D -
go 16U
250 .
291 0,3 No [spin
3, 2

%3teep spin, could not get steady data.
boscillatory in roll and yaw. Average valye or

range of values gilven.

"!’Reeovery attempted by reversal of rudder from

full with to 2/3 against the spin,

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

a P
tdeg) | {deg)
v Q
(fps) | (rps}

Turns for
recovery
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0. : : o 0
000 o0 (1)
OHART 2.~ SPIN AND RECOVERY CHARACTERISTIOS OF THE ﬁ-scm MODEL OF THE GRUMMAN XF9F-2 AIRPLANE WITH THE
_ WING-TIP TANKS ONE-THIRD FULL C ' '
E.onding point 2 in table II and figure 2; 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 and left erect spins .
Right spina .' m Left lpinl .
b
[ ] g [ 3 . . a
8 11| ¢ 4o 11D 25 | W D
& 1| 5o 58 | ou ¥ v w5 | 220
AN =
271 Y 258 - ’ 3
31k | 0.22 13D 2720.23 : >336 : No |spin 328 |o.20 306 |0.20
1 58 (11U 1 ‘
1, 1F - 1, 1f 3 1 %. E’
2u6lo,29
t
All- j ;. g
erons 1/3 [Pl bl 8 - 88
imin® | 2 | g4 KL
5 o 23|53 da|8f
s b, b rn"3 = . a
50 | 13D
65 | 10U 49 | 1D
2k Allerons Allerons - : '
264 | 0.32 2 : Allerons Atlerons App
> full ageinst 51]0.34] rull with ~ : . full sgainst full with 390
1 (8tick left) 1,1 | (Btick right) T
2}, 3 %, 2% I 7 ) (8tieck right (Stick lert) 1, 1&, 2
58 2 K
l'c [} : POl ME
1] ] G
LIRS =k
& ua ~— a ~ Bh
47 | 4D . D
51 |12u 50 Zu
2
28t o.32 2
0.3 258 0.3 278 No|spin
2}, 3l 3 -
LA 2, 3 1, lév 2
‘Olenlatcry in poll and yaw. Average value or range of values given. )
bRoconry attempted by reversal of the rudder from full -with to 2/3 against the spin, . d“ é -
ORecovery attempted by simultaneous reversal of the rulder from full with to 2/3 against  yodel values gl | (deg!
the spin and elevators from 2/3 up to full down. : converted to v Q
d'hndoring spin, could not get steady data, - : correspondin £
‘ P € {fps) | (rps)
] ) full-scale values.
) U inner wing up T ;
w D inner wing down ::2:,,::;

TOI6IS WY VOVN
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CHART 3.~ SPIN AND RECOVERY CHARACTERISTICS OF THE E-]i; -SCALE MODEL OF THE

Eouding point 3 in table II and figure 2;

NACA RM SLGFOL

GRUMMAN XFGF-2 AIRPLANE WITH THE WING-TIP TANKS THREE-FOURTHS FULL

flaps neutral; cockpit closea; recovery attempted

by rapid full rudder reversal except as noted (recovery attempted from, and steady-spin
data presented for, rudder-witn spins); right erect spins]:

- » e
ORDENTYIRL S B
[
>
53
a a a® ‘a
s | 21D 24p 7 | 2up 22p
3 | 200 gl 20U 25 su 32 16U
258 258 265
282 | 0.1 282 [0.18 292 p.19 265 |o0.19
1 1 a1 od cd cd
1,1 iz | - P35 >25,>2¢
b1 b1 b o, b, b, b
Pk 2| 2, 32 1} 1k, %
. b4 f
8 13 14
] -~
2l
2 Allerons
g M 1/3 with
ol o
, o] -
£
g (=]
Ap! . A A
302 Allerons full against 3132 Allerons full with Egg
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- Figure i-Three-view arawing of Tnea-scole model or the Grumman

XFOF2 airplane with tip tanks installed as tested in Tnefree—
sSpINNING Tunnel. EENPTPNPTITRL
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