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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM SX-245

for the

i

Bureau of Aeronautics, Department of the Navy

FREE-SPINNING-TUNNEL INVESTIGATION OF A 1/20-SCALE MODEL

OF THE NORTH AMERICAN T2J-1 ATRPLANE

TED NO. NASA AD-3136

By James S. Bowman, Jr., and Frederick M. Healy
SUMMARY

An investigation has been made in the Langley 20-foot free-spinning
tunnel to determine the erect and inverted spin and recovery character-
istics of a 1/20-scale dynamic model of the North American T2J-1 airplane.

The model results indicate that the optimum technique for recovery
from erect spins of the airplane will be dependent on the distribution
of the disposable load. The recommended recovery procedure for spins
encountered at the flight design gross weight is simultaneous rudder
reversal to against the spin and aileron movement to with the spin. With
full wingtip tanks plus rocket installation and full internal fuel load,
rudder reversal should be followed by a downward movement of the elevator.
For the flight design gross weight plus partially full wingtip tanks,
recovery should be attempted by simultaneous rudder reversal to against
the spin, movement of ailerons to with the spin, and ejectlion of the wing-
tip tanks.

The optimum recovery technique for airplane-inverted spins 1ls rudder
reversal to against the spin with the stick maintained longitudinally and
laterally neutral.

INTRODUCTION

At the request of the Bureau of Aeronautics, Department of the Navy,
an investigation has been made in the Langley 20-foot free-spinning tunnel
to determine the spin and spin-recovery characteristics of & l/20—scale
dynamic model of the North American T2J-1 airplane. The T2J-1 is a
straight-wing, jet-propelled, two-place tandem trainer airplane.
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The erect spin and recovery characteristics of the model were deter-
mined for the flight design gross weight; for a loading condition with
full wingtip tanks, rocket installation, and full internal fuel load; and
for the flight design gross weight plus partially full wingtip tanks.

The inverted-spin investigation was made for the flight design gross
weight, both with and without partially full wingtip tanks.
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SYMBOLS

wing span, ft .
wing area, sq ft
mean aerodynamic chord, ft

ratio of distance of center of gravity rearward of leading
edge of mean aerodynamic chord to mean aerodynamic chord

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

mass of airplane, slugs

moments of inertia about X, Y, and Z body axes, respectively,
slug-ft2

inertia yawlng-moment parameter

inertia rolling-moment parameter

inertia pitching-moment parameter

air density, slug/cu ft
relative density factor of airplane, m/pSb

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

of symmetry), deg



¢ angle between span axis and horizontal, deg
v full-scale true rate of descent, fps
Q full-scale angular velocity sbout spin axis, rps

MODEL AND TESTING TECHNIQUES

The 1/20-scale model of the North American T2J-1 airplane was fur-
nished by the Bureau of Aeronautics, Department of the Navy and was pre-
pared for testing by the Langley Researth Center of the National
Aeronautics dnd Space Administration. The dimensional characteristics
of the airplane are presented in table I. A three-view drawing of the
model as tested is shown in figure 1. A modified rudder configuration
is shown in figure 2. Photographs of the model are shown in figures 3
and 4,

The model was ballasted to obtain dynamic similarity to the airplane
at an altitude of 35,000 feet (p = 0.000736 slug/cu ft). The mass char-
acteristics for the loadings of the airplane and for the loadings tested
on the model are presented in table II. A remoté-control mechanism was
installed in the model to actuate the controls and sufficient torque was
applied to the controls to reverse them fully and rapidly for the recov-
ery attempts. Controls were set with an aceuracy of +1°.

The following normal maximum zontrol deflections (measured perpen-
dicular to the control hinge lines) weré used during the test program:

Rudder deflection, deg:

Right . . . . ] . ] i 3 L) L ] ¥ . LIS K} & ] @ [} L] . ] s ] . . . . 25

Left L T e e T L L T T T T S T SO S 25
Elevator deflection, deg:

Up L A e e T I T T S S T S S T T 27

DOW'n . s L} . . * . ] . ] . . s 2 . & 4 L 13 L] 3 . & a . * . L} . . . 15
Alleron deflection, deg: :

UP v v e v v v e s i s a e e aa T T S T =

Down L e T T R T S S T S T R T S 15

General descriptions of model testing techniques, methods of inter-
preting test results, and correlation between model and airplane results
are presented in reference 1.

Model spin-recovery information as presented in the charts includes
the following notation: 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 velocity 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 1its
final steeper attitude and while it is still descending in the tunnel.
Such results are considered conservative; that 1s, recoveries are gen-
erally not as fast as when the model is in the final steeper attitude.
For recovery attempts in which a model strikes the safety net while it
is still in a spin, the recovery is recorded as greater than the number
of turns from the time the controls are moved to the time that the model
strikes the net, as >3. A >3-turn recovery, however, does not neces-
sarily indicate an improvement over a >T-turn recovery. When a model
recovers without control movement (rudder held with the spin), the
results are recorded as "no spin." :

RESULTS AND DISCUSSION

The results of the model tests are presented in charts 1 to 5. Inas-
much as the results to the right and left were generally similar, the data
are arbltrarily presented in terms of right spins.

During the test program, the rudder was changed from a single sur=-
face to a divided configuration, with movable portions above and below
the horizontal tall, and the inboard elevator cutouts were eliminated
(fig. 2). Brief tests were made with a fence on the vertical tail
(fig. 1l). No significant influence on the spin and recovery character-
istics of the model were observed due to elther modification.

Erect Spins

Because of variations 1n disposable load, the possible mass distri-
bution of the T2J-1 airplane can vary from a condition in which the
loading is predominantly along the wings to one in which the airplane
is loaded predominantly along the fuselage. (Wing-heavy and fuselage-
heavy loadings based on the contractor's inertia calculations and a
loading for which Ix and Iy were similar were investigated.) As

discussed in reference 1, the optimum recovery technlque for an airplane
is dependent on the arrangement of the loading; therefore, if the dis-

tribution varies widely, alternate techniques may be required. The tech-
niques determined for the T2J-1 model are discussed under the varilous

loading conditions tested.

Flight design gfoss welght .~ The results of tests conducted with the

Ty - I
model ballasted for the flight design gross weight (i-z—’{ - -187 x 1074,
mb




loading 1 in table II) are presented in chart 1. As indicated in the

chart, maintaining ailerons against the spin tends to retard recovery,

and maintaining elevator full up tends to promote recovery. Based on

the results obtalned for the criterlon spin, the optimum recovery tech-
nique recommended for the T2J-1 alrplane at the flight design gross
welght is simultaneous rudder reversal to full agalnst the spin and move-
ment of aillerons to full with the spin (stick right in a right spin).

The elevator should be maintained full up until recovery appears imminent.

Full wingtip tanks plus rocket installation and full internal fuel
load.- The results of tests conducted with the model ballasted with full
wingtip tanks plus rocket installation and full internal fuel load
<IX - Iy

mbe
The model results indicate that satlsfactory recoveries are obtalnable
by rudder reversal and downward movement of the elevator. The recommended
airplane recovery procedure is rudder reversal to full against the spin
followed approximately one-half turn later by forward movement of the
stick. Aileron effects appear to be minor, but is is advisable to avoid
aileron deflection with the spin for this loading while attempting
recovery.

= 182 x lO'h, loading 4 in table II) are presented in chart 2.

Flight design gross weight plus partially full wingtip tanks.- Model
tests (not presented in chart form) for the flight design gross weight

Iy - T
plus partially full wingtip tanks -x—b?-:f- = -18 x 10-%, 1loading 7 in
m

table II] indicated that satlsfactory recoveries could not be obtained

either by rudder reversal alone or by rudder reversal accompanied by
movement of elevator to full down. The use of strakes as an aid to
recovery was also investigated but recoveries attempted by rudder rever-
sal with various strakes %ref. 1) mounted on the nose were unsatisfactory.

The results presented in chart 3 indicate that satisfactory recov-
eries from inadvertent spins can be obtained by simultaneocus rudder
reversal to against the spin, movement of ailerons to with the spin, and
ejection of the wingtip tanks. The elevator should be maintained full
up until recovery appears imminent. Intentional spinning in this condi-
tion should be avoided.

Inverted Spins
The order used for presenting the data for the inverted spins is

different from that used for erect spins. For Inverted spins, the
"controls crossed" condition for the developed spin (right rudder pedal
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forward and stick to the pilot's left for a spin to the pilot's right) is
presented to the right of the chart and the "stick back" condition 1s pre-
sented at the bottom of the chart. When the controls are crossed in the
developed spin, the lateral controls aid the rolling motion; when the con-
trols are together, the lateral controls oppose the rolling motion. The
angle @ and the longitudinal control position in the chart (and text)
are given as up or down relative to the ground.

The results of model inverted spin tests for the flight design gross
welight (loading 1 in table II) are presented in chart 4 and for the flight
design gross weight plus partially full wingtip tanks (loading T in
table II) in chart 5. The model spun steeply in the inverted attitude
and recovered rapidly. Inverted spins encountered by the airplane should
be readily terminated by full rudder reversal to against the spin with
the stick longitudinally and laterally neutral.

SUMMARY OF RESULTS

From a free-spinning tunnel investigation of a 1/20-scale dynamic
model of the North American T2J-1 airplane at a simulated test altitude
of 35,000 feet, the following results are considered applicable to the
spin and recovery characteristics of the corresponding airplane:

1. The optimum technique for satisfactory recovery from erect spins
will vary according to the airplane mass distribution. For the flight
deslign gross welght, recovery should be attempted by simultaneous rudder
reversal to against the spin and movement of allerons to with the spin;
with full wingtip tanks plus rocket installation and full internal fuel
load, rudder reversal to against the spin should be followed by downward
movement of the elevator; for the flight design gross weight plus par-
tially full wingtip tanks, the recommended technique is simultaneous rud-
der reversal to against the spin, movement of ailerons to with the spin,
and ejection of the wingtip tanks.

2. Satisfactory recovery from airplane inverted spins should be
obtained by rudder reversal to against the spin with the longitudinal
and lateral controls maintained at neutral.

Langley Research Center,
National Aeronautics and Space Administraticn,
Langley Field, Va., November 23, 1959.
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE

NORTH AMERICAN T2J-1 AIRPLANE

Overall length, ft . . & & & v ¢ v v v v v v v v = v o o« o v « . 38,27

Wing:

Span, ft . . . . . L e s e e e e e e e e e e e e e e e e 36
Area, 8@ £ . . & & i i e e e e e e e e e e e e e e e e e 255
Root chord, in. . . . « v .« v ¢ 4 v v v o & o o v o« « « . 1127
Tip chord, in. 5 S o1&
Mean aerodynamic chord, in e « v e e v ... . . 88.88
Leading edge of ¢ rearward of leading edge

of root chord, in. . . . . . . . ¢ . v 4. ... 10.16

Aspect ratio . . v v v v b v e e e e e e e e e e e e e e s 5.0

Taper ratio . v v v v v v v s v h e e e e e e e e e e e e 0.50

. Dihedral, deg . . e e e s e e e e e e e e 3

Sweepback of 40 percent chord deg e e e e e e e e e e e e 0
Incidence:

Root, deg . . &+ &+ ¢ ¢ v v v 0 i e e e e e e e e e e e e 2

Tip, deg . s s s e e e s e e e s e e s e e e s -1

Afrfoil section (a = 0.8) modified . . . . . . . . . . . NACA 6ulA212

Ailerons:
Total area, rearward of hinge line, sq ft . .. . . . . . . . 19.00
Span, each, percent of B/2 . . . . . . . . . v 4 v v v v ... 37.36

Horizontal tail: )
Span, ft . . . . e Y o v

Total area, sq ft e e et e e e e s e e e e e e s e e e 70
Root chord, in. . . « v v & v 4 4 ¢« v v v o s v o & « « + . . 6311
Tip chord, in. . . s 1 A

Sweepback of quarter chord deg e v e s e e s e e s s e 15,00

Totel elevator area, rearward of hinge line, sg ft . . . . . . 17. 83
Dihedral, deg8 . « v ¢« v & &« 4 « v v 4 o b e b s 4 e e
AiTfoil Section & v v v v v v v v v w w w w . . . . . .NACA 651A012

Vertical tail:
Span, to equivalent tip, B v T.11
Area, sq ft . . . . . e e e e e e e e e e e e e e .. 3811
Root chord, in. . .. . . ¢ v v v v v v v v v v s e e e ... 78,1k

Tip chord, in, .. e e e e e e e e e e e e .. 34,52
Sweepback of quarter chord deg . . . e« s e s s« « » .+ 30,00
Rudder area, rearward of hinge line, sq Tt 10.65

Airfoll section . v v v & ¢ v 4 e e e e e e e e e NACA 631A012
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CHART 1. - S8PIN AND RECOVERY CHARACTERISTICS OF THE MODEL

[R-cuv attempted by full rudder reversal unless otherwise indioated
(recovery att od from, and developed-spin data pressnted for, rudder-full-with lpi.n.lj
Alrplane [attitude Loading 1 in table II
r2J-1 Breot Divided Pught design gross weight Wing tip tenks:0ff
Ruadd Roocket pods: Off
Direction] altitude c.ntoE—o!‘-puisy pesition:
Right 35,000 ft percent o
N
a
b (] ! a 1) faK
67
U
58 lep S 58 k.D
-
Ho spin < ~pen
286 |0.33 b 292 {o.3
3 | 159 3 2 ¥o
2%, >3 AT 3. Sotn
4 4
d'.l,d'.l 1
Elevator
&
$w § =
L0
EBE
=
b b ﬁ
50 |18U
2|3 wn
263 | 0.38] Allerons full sgainst 203 b.Lo allerons full with
{stiek left) (stiok righbt)
6, o »>2, >4
23,3 453 4,3 .4,
[ 3, 1,
il
-
AL
HE
sl
H
1
a @
%two conditions possible L fdeg) | (deg!
bo-(uhtory spin, range or averags values given rgi:ir::du:: v aQ
®Model entered a glide corresponding {fps) | (rps)
dRecovery attempted by simultaneous reversal of full-scale values. Turne for
rudder to full ageinst the spin and movement of U inner wing up recover
ailercns to full with the épin D inner wing down v

'Vzlunl estimate
TModel entered a dive
8Visual observation

bpecovery attempted by reversing rudder from full with to 2/3 sgainat tbe spin

1R¢oovu'y attempted by simultanscus reversal of rudder to 2/3 against the spin and movement
of ailerons to 2/» with the spin

JRecoversd in an ailercn roll
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CHART 2,-8SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

E!ocovory attempted by full rudder reversal unless otherwise indicated (recovery.
attempted from, and developed spin data presented for, rudder-full-with -pim)]

Airplane Attitude Loading L in teble II
T2J-1 Erect 8;";51‘: \l:x.:g tip tanks plus rocket Wing tip tanks: On
Direction |Altituds | Tudder Cont . “ B 11:17 ( Rocket pods: on
enter-of-gravity position:
Right 35'009 b 22. pqrount 8
a
54 | 6U 63 |2p
70| 8 g 4
- _ S$ig
Al
286 | 0,37 98 p.36 T lien 298 | 0,36
b,o, b0 v6 b,c
13, 3 4. i, 1
hpg b,o
1, 2 292 {0.38
8
Elevator
=] PR >3, >ll- .
e e
5 _§ °E ¢,
1 2
ki
]
g2
b4 t
PL15 Allerons full against PL15 Allerons full with 305 p.k2
(stick lert) (stiok right)

g & & »o b,
1, 13 12» 2, 3%
§

HE

-
o
o
L
h,1 h,1 b o
b 415
No Xo 8 1
spin spin 1, 12
a ¢
(deg} {deg!}
R0ssillatory spin, range Or average values given Model values
bnooour{ attenmpted by simultaneous full rudder converted to ”v ) f )
Teversal and movement of slevator to full dowm corresponding pe (rps
CRecoversd in an inverted dive full-scale values. tucne for
4 U inner wing up
Recovery attempted by reversing rudder from full p ;,..r wing down recovery
with to 2/3 against the spin

SRecovery attempted by similtaneocus reversal of rudder to 2/3 against the spin and movement
of elevator to 2/3 down.

rscupipi.n; recovery attempted before final attitude attained
Eyisusl estimate

Byodel entered an inverted dive

ivisual observation
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CHART 3.- BPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

Cﬂoccury attempted by simltanscus reverssl of rudder to full ageinat the spin, movement
of ailerons to full with the spin, and ejection of wing tip tanks unless otherwise

indicated (rscovery attempted from, and developed-spin data presented for, rudder-full-with apins ﬂ
Airplane Attitude Loading 7 in teble II-Plight design
T2J-1 Erect gross welght plus partislly full Rooket pods: oOff
: Divgdod wing tip tanks Wing tip tanks: On
y Rudde
Direction | Altitude T Center-of-gravity position:
Right 35,000 £t 2,,.5 percent ¥
a a )]
6 | 70 » 56 | 3v
: 10D g a 3D
268 [0.32 "_.: 9 RL6 | 0.31 295
5]
v < L i
o2 e 3, 2 ° ﬂ
' ln j

6|35 |w

Elevator 1289 [0.35|328 l0.37

%“p ®, 0, |0 O
1 %1 3
ll&' 12 1, 11&

Klevator full up
(stiok back)

a
70
52 &
Alleron full against Allerons full with
(stick left) 289 jo.k2 (stiok right)
3, >
.g -
il
]
K
i3
a ¢
‘o-oulntory spin, range or average values given tdeg) | tdeg)
bVery osoillatory and wandering spin Model values v a
Ovisusl estimate gg?:::;igd;':, (fpe) | trps)
dpyo conditions possible full-scale values. Turns for
®Recovery attampted by simmltansous reversal of U inner wing up
rudder o 2/3 Aenixut the spin, movenent of eil- D Inner wing down recovery
erons to 2/3 with the spin, and ejeotion of wing

tip tanks




CHART l;.=8PIN aND RECOVERY CHARACTERISTICS OF THE MODBL
Ehcovory attempted by rudder neutralisation (roocxﬁ attenpted from,

and developed-spin data

-with spins)]

presented for, rudder

S)0del entered an erect dive

bsteep spin; recovery sttempted before final
attitude attained

SRecovered in an erect dive
dyisual estimate

®Recoversd in an inverted dive
TReaovered in a vertiocal dive

Model values
converted to
corresponding
full-geale values.
U 1lnner wing up
D inner wing down

Alrplane Attitude Loading 1 in teble II
'1'53"1 Inverted| single piece Plight design gross weight Wing tip tanks: Off
+ - .
!Dgr:;t:?n ;%téggd ° Centep-of-gravity position: Rocket pods: Off
orl;.gh: * 't 23.4 percent
L] . b .
»
g HE
$ 3|3
> < |
b : N 305 9
No spin 64 O
i 4
Elevator 305 >305 Elevator
up ¢ 2ls b wp
é d%, 1 - e i. 1 §
a [
Bl
2l
Lo d
£is
3]
H
a B »
Controls together 305 Controls orossed >305
(stick right) (Stick left)
Y ° ° °
¥o spin 2, ﬁ ﬂ‘ 2
4
§lx
<
6|
»le
HE
b
p305
q £
ﬁ 1
’

a é
(deg) | (deg)
v 0
{fpe} {rps)

Turns for
recovery

13
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CHART 5.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

[Rooovm attempted full rudder reversal unless otherwise indioated

{recovery nttomtoq from, developed-spin data presented for, rudder-full-with spins)]
Alrplase | attitude Loading 7 ia $able II-Flight desin Wing tip tanks: o
T2J-1 Inverted| gingle plece |Eross votﬂt jlus partislly full } ]
a - .
g‘i,roﬁizx'; Qétégb‘d;t rudder Genter-of-gravity position: Rooket pods: Off
pilotts .
right | ’ 2.5 percent 3
[
>377 E 3 b377
i
b b = [
1 5 2
L, L . g"'""\
= 4 a
3
E I »377 Elevator
E g -,rj o,lf % up
5 3 L,
' i
-
»
Hie
[ a
____ Controls together Controls crossed
{stick right) >377 (stick Left) =377
0 ° °
1 24, %2
. , [3
3 3 1, 1ﬁ
TE
848 o
'
% 4
-
3
2
.
»377
°3
L
a ]
{deg) | {(deg)
%3teep apin, recovery attempted before final 'jgﬁ:i,{:&“i: v f
attitude attained corresponding (fpe) | trps)
bRecovered in & short glide followed by & turn in full-scale values.
the opposite direction U linner wing up Turns for
SRecovery sttempted by rudder nsutralisation D inner wing down recovery

dRecovered in an aileron roll
SRecovery attempted by reversing rudder from full with to 2/3 against the spin
TRecovered in an inverted dive

ERecovered in s short glide and rolled inverted
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\.
5

\
C

Elevator hinge line

—i07e"

L < ] e

Fuselage reference 1§
useloge referenc Ry

Figure 1l.- Three-view drawing of the 1/20-scale model of the North
American T2J-] airplane. Center-of-gravity position indicated
is for the loading condition with wingtip tanks and rocket instal-

lation and full fuel.
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—(/ Fuselage reference line

Figure 2.- Divided-rudder confiéuration tested on the 1/20-scale North
American T2J-1 model.
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TECHNICAL MEMORANDUM SX-245
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FREE-SPINNING-TUNNEL INVESTIGATION OF A 1/20-SCALE MODEL

OF THE NORTH AMERICAN T2J-1 AIRPLANE

TED NO. NASA AD-313%6

By James S. Bowman, Jr., and Frederick M. Healy
ABSTRACT

Results of an investigation of a dynamic model in the Langley
20-foot free-splnning tunnel are presented. Erect and inverted spin
characteristics were determined for a range of mass distribution con-
ditions. Recovery from spins obtained was attempted by various control
manipulations.
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