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WITH EXTERNAL FUEL TANKS¥

TED NO. NACA AD 3112

By Frederick M. Healy
 SUMMARY

A supplementary inveétigatipn'to determine the effect of eXternal

 fuel tanks on the spin and recovery characteristics of a 1/28-scale model

of the North American FJ-L4 airplane has been conducted in the Langley
20-foot free-spinning tunnel. The model had been exten51vely tested
previously (NACA Research Memorandum SL58A29) and therefore only brief
tests were made to evaluate the effect of tank installatlon

Erect spin tests of the model indicate that flat-type spins -are

- more prevalent with 200-gallon external fuel tanhks than with tanks not

- installed. The recovery technique determined for spins without tanks,
rudder reversal to full against the spin accompanied by simultaneous
movement of ailerons to full with the spin, is recommended for spins
encountered with external tanks installed. If inverted spins are encoun-
tered with external tanks installed, the tanks should be jettisoned and
‘recovery attempted by rudder reversal to full against the spin with
~ailerons maintained at neutral.

INTRODUCTION -

At the request of the Bureau of Aeronautlcs, Department of the Navy,
‘a supplementary investigation has been made of the spin and spin-recovery

*Title, Unclassified.
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characteristics of a 1/28-scale model of the North American FJ-4 airplane
previously tested in the Langley 20-foot free-spinning tunnel and reported
in reference 1. The North American FJ-4 is a jet-propelled low swept-
wing, 31ngle seat fighter airplane. :

The effects of installing full 200-gallon external fuel tanks on the
erect and inverted spin and recovery characteristics of the model were

1nvestigated

SYMBOLS
b ,wing,span,\ft
c ‘mean aerodynamic chord, in.

x/E ' ratio of distance of center of gravity rearward of leading
' edge of mean aerodynamic chord to mean aerodynamic chord

Z/E L ratlo of distance between center of gravity and fuselage
- reference line to mean aerodynamic chord (positive. when
center of gravity is below line)

m . mass of airplane, slugs
S wing area, sq ft
?i IX:IY:IZ‘ moments of inertia about X, Y and Z body axes respectively,
i - - - slug-ft2 ‘ T ' '
X ‘2IY ~ inertia yawing-moment parameter .
‘mb” ‘ ' ‘
Iy - Iy s : -
‘ inertia rolling-moment parameter
b2 _ v ,
Iz -
inertia pitching-moment parameter
mb2
o air density, slug/cu £t
B relative density of airplane, L

pSb
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a angle between fuselage reference line and vertical (approxi-
mately equal to absolute value of angle of attack at plane

of symmetry), deg

1) _ " angle between span axis and horizontal, deg
' full-scale true rate of descent, ft/sec
Q : full-scale angular velocity about spin axis, rps

MODEL AND TESTING TECHNTQUES

The 1/28-scale model of the North American FJ-4 airplane furnished
by the Bureau of Aeronautics, Department of the Navy, was prepared for
supplementary tests by the Langley Aeronautical Laboratory of the National
Advisory Committee for Aeronautics. A three-view drawing of the model as
tested with external fuel tanks installed is shown in figure 1. The
dimensional characteristiCSﬁof the airplane’are presented in table I.

_ As indlcated in reference l the longitudinal control system of the
 North American FJ-4 airplane includes both & controllable horizontal
‘stabilizer and elevators. The elevators remain undeflected until the
leading edge of the stabilizer is deflected 4° downward; at the maximum
stabilizer deflection of 14° (leading edge down), the trailing edge of
the elevators are deflected 15° upward (relative to the stabilizer)
The rate of deflection of the elevators with respect to the deflection
rate of stabilizer is approximately linear. :

The mass characteristlcs for the loadings of the airplane and for
the loading tested on the model are presented in table II. For these
tests the model was again ballasted to obtain dynamic similarity to the-

,alrplane at an altitude of 30 000 feet (p = O. 000889 slug/cu ft).

A remote-control mechanism was installed 1n‘the model to actuate
the controls for the recovery attempts. Sufficient torque was exerted
on the controls for the recovery attempts to reverse them fully and
rapidly. ‘

The following normal maximumbcontrol deflections used on the model
during the tests (measured perpendicular to the hinge lines) were the
same as those for the original tests:

Rudder deflection, deg . . . . e e e v e o o 27.5 right; 27.5 left
Elevator deflection (w1th respect to horlzontal ‘
tail), deg e )
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Horizontal-tail deflection, deg . C e {?h leading edge down

6 leading edge up
Aileron deflections, deg . « « + « =« & & « + o 4 . . 20 up; 15 down

General descriptions of model testing techniques, methods of inter-
preting test results, and correlation between model and alrplane results
are presented in reference 2.

The follow1ng techniques are included in the presentation of the

-data on the charts:

For spins in which a model has a rate of descent in excess of that
which can readily be obtained in the tunnel, the rate of descent is
recorded as greater than the ve1001ty at the time the model hit the
safety net; for example, >300 feet per second, full scale. In such
tests, the recoveries are attempted before the model reaches its final
steeper attitude and while it is still descending in the tunnel. Such
results are considered conservative, that is, recoveries are generally
not as fast as when the model:is In the final steeper attitude. For
recovery attempts in which the model strikes the safety net while it"
was still in a spin, the recovery is recorded as greater than the num-

.f ber ‘of turns from the time the controls were moved to the time the model
- struck the net, as >5. A >3 turn recovery, however, does not’ nécessarily

indicate an improvement over a >7 turn recovery. When a model recovers
without control movement (rudder held with the spin), the results are.

‘.recorded ‘as "no spin.

PRECISION

Results obtained from free—spinning tunnel tests are believed to'

- 'be true values given by models within the following limits-

a, deg e e . .f. S .‘. . = .';'.‘. . r'}i; 'il .
LY
P 1 of - ¢ P - 55
Q, percent L . . . . .. L. Lol o e e e e e e e e e H
Turns for recovery obtained from motionypicture records . ;‘, - i%
Turns for recovery Obtained‘visualLy e e e e e e e e e e e e ‘i%'

The preceding limits may be exceeded for certain spins in which it

is 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.
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The accuracy of measuring the weight and mass dlstributlon of models
1s believed to be within the following limits:

Weight, percent . . . . . . « ¢« . . . ¢ o o 0o 000w . o L
Center-of-gravity location, percent ¢ . . . . . . . . . . « . . . . %1
‘Moments of inertia, percent . . . . . . . . . . . ..o .. P59

Controls are set with an accuracy ef +10,
RESULTS AND DISCUSSION :

The results of the model tests are presented in charts 1 and 2.
- Spins to the pilot's right and left were similar, and the data are
arbitrarily presented in terms of right spins.

Erect Spins

The results of tests with full 200~ gallon external fuel tanks
~installed are presented in chart 1, together with results for a cor-
responding wing-heavy loading from reference 1. Additional tests, not.
presented in chart form, with empty tanks installed and with equivalent
welghts substituted to determine the aerodynamic effect of the tanks
showed no significant difference in spin and recovery characteristics.
The results with full external tanks are generally similar to the results
without tanks from reference 1, except that in the tests without tanks :
two types of spin were obtained a flat .spin with unsatisfactory recov-
ery characteristics and a steep spin from which satisfactory recoveries
were obtained. The present brief tests showed only the flatter-type
spin. The increased prevalence of flat spins may possibly be attribut-
‘able to a slight 1nCrease in. angular veloc1ty in the tests with external
‘tanks. On the basis of the criterion spins (ref. 2), the erect-spin
recovery characteristics of the model with tanks are considered unsatis-
factory. However, the optimum control technique ‘determined in reference l
(rudder full agalnst and ailerons full with the spin) is recommended for .
the airplane with tanks installed inasmuch as it appears that recoveries,
at least from any steep spins encountered, should be obtainable by this -
method. Spin tests of the airplane conducted to date with and without
external tanks have resulted in only the steeper-type spins from which
satisfactory recoveries were obtained. Recovery techniques used during .
airplane spin tests were rudder full against the spin and lateral and
longitudinal neutralization of the stick for tests with and without
external stores. In addition, rudder reversal to two-thirds against the
spin followed by brisk forward stick displacement was used for tests
without stores. Reference 2 discusses the influence of such factors as
scale effect and tunnel technique in causing differences which occasionally
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. occur between model results and results obtained during the'actual air-
. plane spin tests.

- Inverted Spins

The results of the inverted spin and recovery tests of the model
are presented in chart 2. The order used for presenting the data for
the inverted spins is different from that used for erect spins.f Chart 2
incorporates two control-setting diagrams. For each diagram, "controls

‘crossed" for the established spin (right rudder pedal forward and stick
to the left of the pilot for a spin to the right of the pilot) is pre- . =~
sented to the right of the chart and "stick back" is presented at the
bottom. When the controls are crossed in the established spin, the
lateral controls aid the rolling motion; when the controls are together,
the lateral controls oppose the rolling motion. The angle ¢ and the

' elevator pos1tlon in the chart are given as up or down relative. to the
ground ‘

_ The results of the 1nverted-spin tests with full 200-gallon external.
fuel tanks installed are presented in chart 2, together with results for
a corresponding wing-heavy loading from reference 1. Additional tests,
not presented in chart form, with empty tanks installed and with equi-
valent weights substituted to determine the aerodynamic effect of the
tanks in inverted spins showed no, significant difference in spin and
. recovery characteristics. The spins with full. external tanks installed
and the spins for a corresponding loading (from ref. 1) exhibit similar
trends with respect to aileron setting but indicate adverse effects on
recoveries for some of the control dispositions investigated. If inverted
spins are encountered in this configuration, it is recommended that the
-external tanks be Jettisoned, 1if poss1ble, and recovery be attempted by
rudder reversal to full against the spin with ailerons malntained at .
neutral.

 SUMMARY OF RESULTS

From a free-spinning tunnel investigation of & 1/28-scale model of
the North American FJ-k4 airplane, the following summary is considered
" applicable to the spin and recovery characteristics of the airplane at
- 50,000 feet:

1. The optimum recovery technique for erect spins of. the airplane .
with 200-gallon external fuel tanks installed is the same as that recom-.
mended when tanks were not installed; that is, simultaneous rudder
reversal to full against the spin and alleron movement to full with the
spin (stlck full rlght in a right spin). :
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2. If inverted spins are encountered with 200-gallon external fuel
tanks installed, the tanks should be jettisoned and recovery attempted
by full rudder reversal to against the spin with ailerons maintained at
nautral. ’

Langley Aeronautical Laboratory, ‘
National Advisory Committee for Aeronautits,
Langley Field, Va., July 23, 1958.
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TABLE I.~ DIMENSIONAL CHARACTERISTICS OF THE

NORTH AMERICAN FJ-4 ATRPLANE

Overall length, £t . . . . .

Wing:
Span, £t . « « . . o . ..
Area, sq ft . . . . . . .
Root chord, in. . . . . .
Tip chord, in. . . .
Mean aerodynamic chord in.

Distance from leading—edge root chord to

aerodynamlc chord, in. .
Aspect ratio . . . . . . .
Taper ratio . . . . . . .

Sweepback of quarter-chord, deg

Dihedral, deg . . . . . .
Incidence, deg:

Root . « . « « ¢« « & o &

.. Tip . . . . e e e
Airfoil section°

Root . . . . o 0 .. ..

Tip o « e v 0 o 0 o o

Allerons.

Total area, rearward of hinge line, sq ft . . . ..

Span, each, percent b/2 .
Chord, inboard, in. . . .
Chord, outboard, in. . . .

Horizontal tail: ]
Span, ft . . . . . . . ..
Root chord, in. . . . . .
Tip chord, in. . . . . .

.

-

Sweepback of quarter—chord deg

Dihedral, deg . . . .

Nose to leadlng edge of horizontal tail'at root; ft

Airfoil section:
Root . . . . « . o o ..
Tip .« ¢« « ¢ « ¢ v o o

Vertical tail:

Span, fuselage reference line to
Area, including dorsal, sq ft

Root chord, in. . ... . .

Chord at equivalent tip, in.
Sweepback of quarter-chord, deg
Rudder area, rearward of hinge line, sq ft - e e .
- Nose to leading edge of verticaL tail at root ft .

Airfoil section: .
Root . . . . . . o ..
Tip .« « ¢ ¢« « « v « o .

e o s s s s e s s =
e e & s e e o s s =
e s s & & &« = e s

equivalent tip, £t

s e ¢ & o s o s s =

37.68

39.11
338.66
160.51

h7.52
11k b2

78.67
4.5
0.30
35

3

41
=3

644006 modified

~64A006 modified

30.3k

.. 36.h0
. . 30.06
. . 21.29
. . 1%.16
. . 61l.33
.« . 26.06
. 35
i . - 0
. . 29.68
. NACA 65A006

'65A006 modified

.. 8.55
.. 9.09
. . T6.50
. . 20.072
. . 35
.. 5.26

. 27.33
NACA 65A006
NACA 65A006



TABLE II.- MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR THE LOADINGS OF THE NORTH AMERICAN FJ-L

AIRPLANE AND FOR LOADINGS TESTED ON THE 1/28-SCALE MODEL

El‘alues given are full scale, .and moments of inertia are given about the center of gravity]

'Loading condition

. Center'-of-gravity

Relative density,

Moments ‘of inertia,

Mass parameters

location 18 slug-f.‘t2
vo.lwing | Externa1| ¥OiERL: sz 2/ sea- [30,000 | 1 1 T oIyl Iy-Ig Iz - Ix
‘' fuel tanks level | feet X ¥ Z. o2 b2 b2
Airplane values
1 Nome | ofr | 15,809 | 0.228 - 15.59 | 41.6f | 11,307 | 26,22 | 35,110 [-201 x 10-U{ -116 x 10-4{317 x 10-L
2 |None | Empty 16,209 .229 -- 15.97 | L2.70 | 12,374 | 26,557 36,165 |-18Y '-1251 309
3 |Nome | ma1 | 18,789 | = .226 . —~ | 1854 | 49.58 | 19,186 | 27,913 | k2,730 |- 98 -166 26l
b|Paal | . ore | 19,369 .250 - 19.11 | 51.10 | 14,923 | 26,2hk 38,590 ;-124 -13h 258
5 | Full | Empty 19,769 |  .252 - 19.h9 52.12 15,986 26,36L 39,758 {-111 -3 25l
6 |ma1 | m11 | 22,769 245 - 22.), | 60.02 | 22,789 | 27,724 46,357 {- L6 -172 218
' Model values
6 | Full | . Full 22,527 | o0.245 | 0.103 22.22 | 59.4k2 | 22,537 ;8;6u2 4,920 {-57 x 107l [ -152-x 10-lY 209 x 10-h
Revised design : : i : . : - .
7 coxiub;: gross | 17,573 .26l _.07h | 17.33 | L6.35 | 18;297 | 25,hk6 Lo, 633 |-86 -182 268
welg : . -
(ref, 1) ) :

LOHQSTS WY VOVN



"Rooovory attempted by similtanecus reversal of rudder to full mmt
the spin and movement of ailerons to full with the spin

9Stesp spin; resovery attempted besfore final Attitudl attained
dxo apin ocondition also oblmod; model entered & glide
SNandering spin

TRecovery attempted by simmltansous reversal of rudder to 2/3 lgnmt
the spin und movement of ailerons.to 2/3 with the spin

SRecovered in un inverted dive
bRecovered in un aileron roll

1009111-':017 and wandering spin, range or avsrage vuuu uvon
Smwo aonditions possible

- kﬁ“onr{n attampted by ronrlin; rudder rro- mn with to 2/3 -gn.{mt

LOHQGTS WY VOVN

l-acule values.
U inner wing up
D inner wing down

- 008 e .80
L N N ] ®
L X ] [ ] (1]
. CHART 1.- ERECT SPIN aND RECOVERY CHARACTERISTICS OF THE PJ‘-h MODEL
Recovery & d by rapld 1 of rudder to full sguinst the lpin except as indicated (recovery attemptegd from, and developed
apin deta prolentld ror, x'udd-r-mll-vith spins); right apins, external stores, and model loading as indicated o
- Pull external tanks No externsl tanks (chart 3 in ref, 1)
o Model loading 6 in table II Model losding T in table II
» > c,d i- - g o ¢
52 | 100 ) ) b9 | eu
€| 6| i 2| & HE
331 [ 0.38 5 % o1 |- b
3 B g > bkt pLLT| ' 307 | 0.3 3 >L15 >L59
' 5 ! ' - B b5 . 1) 83 T
>5, >1 53 | o] |2 2, >2:zl >t' 1L,>1 2%.>21. 2& T 33 [ uw| 50 [ 2w et % ’ Jé
3 5 60 2D g - 20 "6p| 72 | 17D 5 5
>2, >3 - —1 |4
2 782 Jo.30 4 |38 (oen |3 |oe | L2- i
Longdtudinal 7 - . a: g’,;..; ’ . Inggali‘:udilx.:nl —— - ’
- 0. r .z ¢
2 >2 o ] -
2/3 up- ’ a BEAR »2/'3 “ap %' 2%’>3&- lﬁ' >3, >
. - ﬂgg ] r. £ T .
,.go b - 21,2
. a o
. y
160 - 39 7
. l& 15D 58 ZD
B, i =
. y - "} 0.36 | 1
(stick left) A (atick »ight) 333 | %3 3717 0.35
B . ) JER-I
>2, >2k 13, >3, 2]
il
28 b
3 hHd .
’ 3%.—0 ﬁq'
§og 3
2
[} X A&
'é 9T 46 | 200
6D- 70 19
3B o >in b 3 o
. I3 3 k b b b
>6, 73 1& 3% 1, 1 28, 3
P b
2, 2
a
{deg) 808)
‘Hodel values \J n
converted to (fpa)| (eps)
'Oumnf-nry spin, runge of values given gorresponding

Turns fér
redovery

[
o



CHART 2.- INVERTED SPIN AND RKCOVERY CHARACTERISTICS OF THE FJ-li MODEL

EReeovary attempted by rapid reversal of rudder to full Agninatrth.e spin axcapt‘; as indicated (reédvery attempted from,
and developed spin
loading as indicate,

ata p;-aunted for, rudder-full-with spins); spins to pillotts right, external stores and model

Full external tanks

Model louding & in table II

No externul tanks (chart 6 in ref. 1)

Model loading 7 in-table II
h .

LOHGSTS WM VOVN

* b b, 1
0 v
9 | 19
60 1
g2k [o:ko 35
" o
No Spin, 2 No Spin No Spin £12%1°
- b : “1f 2 Hh
1
) 1, >1I]i 1, 1, aa
g.‘-‘m "g‘ —
337 i
Ha2
LAo4 O
IS
£
2 |4
2 .
a,8 - b byi,3 a3 R 1
ﬁz 0
9 | 13D
- Zontrols togsther Controls crosssd 7 App. No™ - ’ 415
(stfck right) |- {stiox lefzy ~ 473 [©+37 BBl | spin - ?
A - » X e, ¢ 1. ci o
No Spin 22, )2 15 Sk No Spin 25 »6
R 11
. L] = = 1, 1
=1 2.2
. E,S a
e ¥
g4z . "
M 1 b, ] a,) 1 i
ADPPe No ) § .
a5 Spin D459 _ >l+59
: 101 EE)
1, >3 L) 2 ﬁ
& y . . [ ¢
Model entered an erect dive Model velues (dog) | (dog)
bo-uillltory spin, range of values given. - converted dza
%Recovery attempted by rudder neutralization corresponding v
dRecovered in an aileron roll o 'r‘:ll‘]i;:?d‘ (£ps) é'}”)'
*Visual observation : : : : U loner wing.up | purns for
TModel entered either a very steep spin or an aileron roll D inner wing dowq

EModel entersd & spin to the pilot'!s left
Bijodel entered an inverted dive
pping and wandering spin
Jrwo conditicns posaible
kpodel entersd s verticdl dive

lgtesp spin, recovery attempted before final attitude sttained

recovery |

T
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Elevator hinge line /

N . .25chord
Aileron hinge line—— -

—i5.39"

Rudder hinge line
y n - o , ’ ) L . .
6.9 ‘ L a3e"
. , ~
- Y 3
o &2 ' o ’
¥ ' _
L??“ ————— . J
: - 14.68" -

. Figure 1.~ Three-view d_raw1ng of the l/28—scale model of the North

American FJ-L airplane with external fuel tanks. Center-of-gravity
position indicated is for the loadlng with full wing fuel and full:

external tanks.
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FREE-SPINNING-TUNNEL INVESTIGATION OF A 1/28-SCALE MODEL
OF THE NORTH AMERICAN FJ-4 ATRPLANE

| WITH EXTERNAL FUEL TANKS®
TED NO. NACA AD 3112
By Frederick M. Healy

ABSTRACT

Results of an investigation in the Langley 20-foot free-spinning
tunnel to determine the spin and recovery characteristics of the model
are presented. Both erect and inverted spins were investigated with
full 200-gallon external fuel tanks installed on the model.’
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