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EXTERNAL FUEL TANKS IN SPINS

By Theodore Berman
SUMMARY

A spin—tunnel investigatlon has been made to determine the
probability of external fuel tanks striking an airplane after being
Jettisoned in & spin., The investlgatlion showed that for stralght—wing
fighter—type designe in any case in which Jettisoning of tanks in a spin
might aid spin recovery the tanks would probebly clear all perts of the
sirplanse, '

INTRODUCTION

A recent trend in alrcraft has been to locate fuel in external tanks
mounted on the wings. External fuel tanks are usually Jettisonsble in
corder that they may be dropped after the fuel is expended so that the
drag will be Teduced.

In the course of spin-tunnel. investlgations, 1t has been indicated
that when external fuel tanks are installed on an airplane, a pilot msy
encounter difficulty in recovering from a spin by control movement and
it may be necessary to Jettison the tanks iIn order to increase rudder
effectiveness in obtaining apin recovery by changing from a relative
wing-heavy to fuselage-heavy mass~distribution condltion (reference 1).
The possibllity that the Jettisoned tanks may colllde with the alrplane
from which they are released has caused some concern. Accordingly, a
study was undertaken in the Langley 20—"oot free—spinning tunnel to
determine the probabllity of such a collision, The study was made of
data previously obtained in the course of routine testing of models
typlcal of stralght—wing fighter—type deslgns but hitherto wunpublished.
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SYMBOLS

b wing spen, feet

o air denglty, slugs per cubic foot
APPARATUS AND METHODS

The models used for the tests were models typical of stralght-wing
fighter—type airplanes ranging in scale from 1/16 to 1/25 and were
rrepared for testing by the Lengley Aeronautical Leboratory. Three—
view skotches of the models tested with full—scsle dimenalons of the
airplanes represented are shown in figure 1. The tanks were bullt of
wood and independently ballasted with lead welghts to the appropriate
weights and center—of—gravity locations. A remote—control mechanism
was installed In the models for Jettisoning of the tenks.

Nine of the models were ballasted to obtain dynemic similarity to
the respective alrplanes at a test altitude of 15,000 feet
(p = 0.00L496 slug/cu ft). For the other two models, a test altlitude
of 20,000 feet was used.

The tests were performed in the Langley 20—foot free—splnning
tunnel, the operation of which is similar to that of the Langley
15—foot free—spinning tunnel described in reference 2, except that the
models are launched by hand with spinning rotation into a vertically
rising 2ir stream rathsr than launched by a spindle.

For one of the models (model 1}, fully loaded and empty tanks were
Jettisoned from steep and flat erect spins and from Inverted spilns for
geveral spanwlige locations from the plane of symmetry to the wing tips.
The data obtained with the remainder of the models (models 2 to 11)
were all for erect spins and included steep and flat splns with fully
loaded tanks and some tests with emplty tanks. The spanwlse locatlion of

the tanks was not varied during any one of these tests (models 2 to 11),
but the range covered by the collected data 1s from the plane of

symmetry to the wing tips.

During most tests, motlion plctures were taken and were subsequently
uged to check the visual observatlons of the pathe Pollowed by the
Jettisoned tanks. Tests of each configursation were repsated until it
wag clearly established whether or not the tanks would strike the model,
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RESULTS AND DISCUSSION

The results of the model-tank-jettlison tests are presdnted in
tables I and 1T,

The models tested d1d not represent some of the most recent Jet—
and rocket—propelled designs as regards extreme mass distributlion along
the fuselage which, it bhas been indicated, are conducive of violent
rolling and yewing spinning motions (reference 3). When wing tenks are
ingtalled on such a design, however, the loadling either would become
such as to eliminate this motlion and thus the following resultis would
be appliceble, or 1t would remein such as to still give an osclllatory
spin, for which present spim—tunnel research indicates that 1t ahould
not be necessary to Jettison tanks for spln recovery.

The results cbtained with model 1 (fig. lEa)) are presented in
table I and data obtained with models 2 to 11 (figs. 1(b) to 1(k)) are
presented in table IT. The data show that fully loaded tanks dropped
clear of the model from all spanwise locations for all erect spins.

The loaded tanks also went clear of the model when Jettilsoned in

inverted spins for all spanwise locations except the plane of symmetry.

As previously mentlioned, Jettisoning of external fuel tanks iIn a spin

is sometimes nscessary in order to increase the effectlveness of the
rudder in terminating the spin by changing from a relative wing-heavy Lo

a fuselage—heavy mags—distribution conditlion. Thus it is unlikely that
Jettisoning of a fuel tank located at or near the plane of symmetry would
be beneficial for spln recovery and therefore it need not be attempted.

In all tests with the loaded tanks, the tanks fell away from the model,
that is, the tanks had =z higher rate of descent than the model. It was
elso noted that the tanks were slways thrown awey from the gpin axis

and that the tanks on the inboard wing (right wing in a right spin)
appeared to go forward relative to that wing and the tanks on the outboard
wing sppeared to go back relative to that wing,

Results of Jjettison tesis with empty tanks are also presented in
taebleg T and II. The data show that the tanks safely cleared the model
when relessed in erect or inverted sping for all spanwise locatlons
oxcept the plane of symmelry. As explalned above, Jettisoning of tanks
at the plane of symmetry cennot be expected to ald In recovery from a
spin and therefore need not be attempted. In all tests with empty tanks,
the tanks went up with reapect to the model, that is, the empty tanks
hed a rate of descent that wes less than the rate of descent of the
model. As wes the case for loaded tanks, empty tanks were always thrown
away from the spin axis and again the tank on the inboard wing appeared
to go forward relative to that wing and the tank on the outboard wing
appeared to go back relatlive to that wing.
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In all cases, for either the loaded or empty conditions, the tanks
cleared the tall of the model.

The rate of descent of the tanks, 1t was indicated, wlll vary with
the amount of fuel In the tanks. Fully loaded tanks will fall faster
than the airplane; whereas empty tanks will fall slower than the
alrplene. At some intermediate loading the tanks could fall at the
game rate of descent as the alrplane snd the possibllity of collision
is increased. A study of the films obtained during the investigation
with models 1, 6, 9, and 10 indicated that for empty and fully loaded

tanks located at 0.50;—’ or further outboard, the horizontal movement of

the tanks would probably be great enough to clear the wing tips or tall
of the airplane, If the empty and fully loaded tanks clear the model,

i1t 1s apparent that for an intermediate loading of the tankas the hori-
zontal movement should also be great enough to carry the tanka clear of

the airplane. With the tanks located inboard 0.50:5-, for some tests the

tanks cleared the model horizontally but for others they dld not clear.
b

Inasmich as tanks only partially loaded and located inboard of 0.505 would

not be expected to affect rudder effectiveness very greatly because
their effect on mass distribution would be relatively small, it 1s felt

that Jettisoning of tanke located inboard of 0.50% on a spinning alrplane
should not be attempted unless all other methods of recovery have falled.

CONCLUSIONS

The results of tank—Jettison tests for eleven models made in the
Langley 20—foot free—spinning tunnel indicate that in eny case for which
Joettisoning of tanks in & spln of a straight-wing fighter—type alrplane
might aid spin recovery, the Jettlsoned tenks would probebly cleer =sll
partas of the airplane.

Lengley Asronautical Laboratory
National Advisory Committee for Asronautics
Langley Alr Force Base, Va.
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TABLE T.— RESOULTS OF TANE-JETTIAON YROT3 WITH MODEL 1 TN THE LANGLEY 20-FOOT FREE-FINNING TUNREL

[Brins to pilot's x1gnt]

Loadsd tanks Fopty tanks Toaded tavks Enpty Lanks
Tank looatbice
Flat ersot spins Btesp erect spine ¥lat erect spins Btoep erect apine Inverted aping Inverted epine
Em :11:3 ug fowrey from spln exis, m“:dt:n:nt::.l:: autbo:r:m vi:;,tt::mf Btruck the bottam of
Flane of Troppad. almost strmlght ! forverd of irboard 2 inboxrd wing and then
i 1 From. model from spin axis, and . and up with off the truiling edge |rolled off, and up ¥ith Pespect to
yomatry ey damlut-h regpeot to rolmrpect o modnl :itih wing, :‘n;d up N droppsd sxmy from model
Away from spin acls, foray from apin aris, |Amy from spdn axds, |Away from spin axie, Joey from apin axis,
inboard tenk forward of] inboerd tank forward |inboard tank forward Mmmfwtmkformﬂ Both tanks wont
b wing, cutboard tank of wing, outboard of wing, outboard tenk|wing, outhosrd ijenk of wing, cutboerd tenk|elwoat stralght up
Q.25 |baok of wing, snd both | tack beok of wing, endiback of wing, and both|baok of wing, snd both | back of wing, and both{with respect to
2
down with respect %o both down wlth reepect| up with respect to up with respect to down with respect to |[model
nodel to model andol wodal, el
Aray from spin axle,
inboard tank for-
b s 5 o ward of wing, ocut—
0.507 do do do to do bosrd tank beok of
wving, and both up
with respect to moflel
b 3 — a a a -
O.TSE do ~do -do -do~ =do-; Do,
Wing tipe do do do Ao -4 Da.

GIr6T W YOVN




TARLE IT.~ RESULTS OF TANK-JETITSQN TESTS WITH MODELS 2 TO 11 IN THE LANGLEY 20007 FREE-SFINNTNG TUMEEL

Lonadsd tenks Empty tanks

Model | location

' (n) Tist exwct spins 8toep srect spine Ylat aroot spine Bteep eract spins

Flano of Droprod clmost stradght down Awny from spin acls, forverd

from rodel of inboord wing, and down

Joray [rom wpin exlo, inboerd | Away from epln sxcis, inboard
tank fovesyd of wing, ogtbosrd| tank forwsrd of wing, cutboard
tank back of wing, and down tank bak of wing, and down

013 %

Band L with respsct to model with respect to modael
B Away from apin axis, back of loray from spin axis, bk of | jomy from ppin exls, heek of Awsy from spin sxis, back
13 0.38 ~ L wing, and down with respoect wing, ond down with respect wicg, and up vith raspect Lo wing, =nd. np with respect
to modal 4o modal modal model
b Jany from spin axle, forward Ay from spin axie, Corward Arey from apin axls, forward Away from ppin axin, forwsrd
A 0.3851. of ving, =nd down with respsct| of wing, spd dowvn with respect | af wing, end up with respsot | of ving, and up vith respect
to modal, to modal to malel to modal
Joray Trom gpin mrie, forwmy Joay from epin arle, foresrd fony from spin axis, forwsed Moy from epin aris, fovand
of wing, and up with respect of ving, and vp with respect
0 modsel to model to modal
Jwxy from spin axis, baok of | jmy from spin acis, back of | Away from spln axis, dack of | Ay from apin axis, bmok of
5 loa38lky ving, md down vith rospect wing, end down with respeat wing, and up ¥ith rospect to | wing, and up with respoat
2 to modal ta modal modo mdel

@
™

i ao do Do.

Na

Direction
of spin
Hght
Rkt
Bight
Lett
m |0.3828 | Mgt {of ving, s dom with respect | of wing, snd down with respect
2 tnmd.ai
Laft
Blat
Right
Right
Bght
Right
Hght

Car6T WY vOvN




NACA RM LoJ25

82 .4 »

(a) Model 1.

Figure l.-lThree_-view sketch of models 1 to 11 as tested. Dimenslons
are full =scaele, inches.



NACA RM 19325

A —
/_:u_u\ 1%0
]

- (b) Model 2-. . -

Figure 1l.- Continued.
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(c) Model 3.

Figure 1l.- Continued.
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(d) Model L.

Figure 1.- Continued.



NACA RM L9J25

(e) Model 5.

Flgure 1.- Continued.
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(£) Model 6.

Figure 1l.- Continued.
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(g) Model T.

Fligure l.- Continued.
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(h) Model 8.

Figure l.- Conbinued.
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(1) Model 9.

Figure 1l.- Continued.
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(3) Model 10.

Figure 1.~ Continued.
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(k) Model 11.

" Figure 1.~ Concluded.
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