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INVESTICGATICH CF A l/lT—SCALE MODEL

FPREE-SPINNTNG-

COORD. HO. AF-AM-L2

By James S. Bowmen, Jr., and Frederick M. Healy
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The model resulis ir ¢ satlsTactory ecovery character-
istics for the alrplane. cptimum stin-recovery techn;que for any

spins encountered by the alrplane will ve full rudder reversal followed

e
roximavely one-half turn subsequently by downwerd movement of the
o)

Gyroscopic elfect of engine rotation, replacing tne normel pariial-
length rudder with a full-lengihk ruddcer, removal of the strakes, or nod-
erate longitudinzl or lateral displacerent of the center-of-gravity
should nave lifttle sigrificant infiuence on the spin and recovery cher-

o)
acteristics of the airplane.

INTRODUCTION

Trhe erect spin and recovery characteristics of the model were
cetermined for the 25-percent-fuel loadingz, the TS5-percent-fusl lcading,
and the 75-percent-fuel loading with the mvmvnus of inertia in roll and



no

pitch increased approximately 20 percent. The efflects of varying

center-of-gravity position both lengitudinally and laterally were deter-

mined.

The influence of the gyroscopic moments of the rotating engine
components on spins and recoveries was also investigated. The model

L3

was tested with and without longitudinal strakes on the nose, and with

the span of the rudder extended to the lower fuselage contour.
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SYMBOLS

wing span, ft
wing area, sq ft
rmean aerodynamic chord, ft

ratioc of distance of center of gravity reerward of leading
edge of mean serodynamic 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 alrplane, slugs

©

moments of inertia about X, Y, and 2 body axes, respec-

tively, slug—ft2

inertia yawing-moment parameter
inertia rolling-moment parameter

inertia pitching-moment parameter

air density, slug/cu ft

relative density of airplane, —%E
P
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a@ angle between fuselage reference line and vertical
(approximately equal to wbsolute value of angle of
sttack at plane of symmetiry), deg

¢ angle between span axis and horizontal, deg
Vv full-scale true rate of descent, fps
L3
Q full-scale angular velocity about spin exis, rps

MODEL AND TESTING TECHNIQUES

The l/lY—scale model of the Cessna T-3TA was constructed at the
Langiey Research Center of the National Aeronautics and Space
Ldministration. A three-view drawing of the model as tested 1s shown
in figure 1. A modified rudder configuration investigated is shown in
figure 2. A photograph of the model is shown in figure 3. The dimen-
sion

The rass characteristics for the loadings of the airplene and for
the loadings tested on the model are presented in table II. The model
was ballasted to obtain dynamic similarity to the airplene at an alti-
tude of 27,000 feet (p = 0.000992 slug/cu ft).

L remote control mechanism was installed in the model to actuate
tre controls for the recovery attempts. Sufficient torgue was exerted
on the controls for the recovery attempts to reverse them fully and
rapidly.

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

Rudder, deg:

=4 v 25

ST AN 249
Elevator, deg:
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Allerons, deg:
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Conersl Gescriptions of model testing technigues, methcds of Inter-
preting test results, and correlaticon between model and eirplene resulis
are presented in reference 1

DL

ollowing techniques are incliuded In the presencation ci Tne
dats on the charts: TFor spins in which a model has a rate of descent
¢ of that which can readily be obtained in the tunnel, the rate
of descent 1s recorded as greater than the veloblty nt the time the

[SFCcRe
model hit the safety netl; for example, >300 feet per second, full scale.
In such +tests, the recoveries are attompted before the model resches 1ts
Tinsl steeper sattitude and wnile it is still descending in the tuanel.
Such results are considered conservetive; that 1s, recoverles are gener-
21ly not as fast as when the model is in the final steeper attituce
Tor recovery attempts in which e model strikes the salety net while It
is still in & spin, the recovery is recorded as greater then the nunber
of turns from the time the controls are moved to the time the model
strikes the net, as >3%. A >3 turn recovery, however, does not ncces-
serily indicate an improvement over a >7 turn recovery. Wien & n cel
recovers without control movewenu (rudder held with the spin), the
results ere recorded as 'mo spin.”

RESULTS AND DISCUSSIOH

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

"odel was tested with three conditions of mass distr
irulated: 25 percent fuel, 75 percent fuel, and T5 perc

f inertia in roll and pitch Iincreased &pm:

ferred to as 75 percent fuel with increased

The results of tests with 25 percent fuel (lcading 1 in table II)
are presented in chart 1. As indicated in the chart, the recovery char-
acteristics are satisfactory. Recoveries from spins encountered in this
loading should be attempted by full rapid rudder reversal with the stick
maintained laterally neutral. Premature Iorward movement of tThe stick
ey result in a spin with a higher rotational rate and slower recoveries.
Therefore, the stick should not be moved forward until the spin rotation
hee siopped or decreased appreciably, at least one-half turn following

rudder reversal.
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lozding 3 in tadble II)

of tests with 75 percent
chart 2 Tn this loading, mass is concentrated heavily
c

7L The spin and recovery c reristics of the T-37A
Rel 7 ent fuel and also with cent fuel with increased
n not p ensed in chert form) ar 2l of airplanes with
“his type of mass dlstrlcutlon, that 1is, t of elevator down
sssists recovery, and ailercns deflected e spin tend to retara
£.2). Sat isfactory model re s were obtained by rud-
& simultaneous movenment of or down Irom the crite-
with 75 percent fuel (chart 2). Tnis secinigue was also effec-
75 percent fuel with increased Inertias. The effectiveness of
the der is reduced by shielding when the clevator is dowvn 1n an ere
spin. Therefore, when downward movenment of the elevetor i1s used during
a spin-recovery attempt, the rudder should be fully reversed prior to
initiating elevator movement. The control technique r commended for
recove T spins of the eirplane with 75 percent Ifuel or 75 percent
Tuel w eesed inertias is rudder reversal To Tull against the spin
followe ox1mately one-half turn subsequently by downward movement
of the or

Effect of Center of Gravity

The model was tested for the T75-percent-fuel loading with increased
ircrtias with the center of gravity at 25 percent, 29 percent, and 55 per-

~ ’

ant of the mean serodynamic chord. are notv prcsbntgd in

chart forr. At the most forward center-of-gravity position (25 per-

4 &), two spin conditions were usually ob3 & for the same control

ition, that is, a steep spin and a rlat spin. Recoveries from the

in were generally unsatisfactory which m&y possibly be attributed
ased rate of rotation for these spins. No other

significant dl;le“erces in spin and reccovery characteristics were noted
ter-of-gravity positicns investigated.

Lateral Unbalance

Moderate values of lateral unbalance (approx. 27,500 inch-pounds,
“ull scale) were tested on the model with 25 percent Tuel and TS5 rpercent
fuel (lateral unbalance of 8.4 and 6.8 percent T, respe ectively). Zxtren
lateral unbalance (approximately 62,500 inch-pounds or 15. & percent C,
211 scale) was tested with 75 percent fuel with increagsed inertiss.
These results ere not presented in chart form At the moderate values
of lateral unbalance, little effect was ODS“TWE@ on the spin and reccv-
ery characteristices ol the model with either the inner wing or the outer
wing heavy. ZIxtreme lateral unbalence indicated adverse effects cn
recovery cheracteristics with the inner wing neavy. It is recommended
that extreme lateral displacement of the center of gravity be avolded

on the alirpiane




The cagalar momentun of the rotating components of the engires at
21,000 rpm was sinuiated by a Tlywheel mounted on the model Clockwise
cnd couvnterclockwise rotation of the flywiicel was investigated in both
left and right spins. The resultis (not prcse;,gd in crhart ferm) indi-
cate that there was little influence on the spin and recovery character-
istics of the model for either sense of flywheel rdtation

Effect of Strakes
a

To evaluate the influence of th trakes on the bgin characteris-
tice of the model, briefl tesis were made (results nct precented) with
the sirzkes remcoved. These strokes were normally fixed cm the nose of
the rodel. Removal of the strakess rad a tendency to increase the rate

c

a
of rotation slightly but had no appreciable effect on recovery
charecteristics.

Juring most of the ricdel test pro dder {the
norrel rudder for the T-37A) a an
atterpt <o improve the recover use of
the rudder azlone, briel tests wade
with the rudder =xtended to th The
results were somewnat ilnconsis ared to
ve little difference in spin re er the

1

-length or the full-lengt
SUMMARY OF RESULTS

1 investigation of & l/ T-scale mode
A airplane, the following results are considered app
onar

caple ha actgr;btlcs of the airplane at
27,0C0 feet:
The spin-recovery characteri
4 ~
LG T

.
control moveneat most conducive

t a2irplane ill be ;ull rudde
-, $ -

2. Fngine rotation, increasing the span of the rudder, removal of
“he strakes, or moderate longitudinal or lateral displacement of the

Il o b

€
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center of gravity should have little effect on the spin and recovery
characteristics of the airplane.

Langley Research Center,
Netional Aeronautics end Space Administration,
Langley Field, Va., December 12, 1958.
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DIMENSIONAL CHARACTERISTICS OF THE

Htﬂ
O
pet
£
0,
(=
et
p
»]

ip chord, Ln ..
Mear "e*odJnaﬁlc chord in.

3. 73

1
>
\)4
\L

79 37

\N
OO
= .
S on
o

Leading edge of ¢ rearward of leadlng edge of root

chord, in.
Aspect ratio
Teper ratio
Dihedral, deg
Incidence, deg -

Root

Tip ..
Alrfoil section -

Root

Tip

Allerons:
Totel erea, sq ft
Span of one aileron, percent or b/2

chord, in.

Root
Tip

Vertical tell:
Helght, ft e e
Total ares (lnCLudlng dorsal) sq ft
Rudder area (behind hinge line), sq ft
Tip chord, in. . e .. .o
Aspect rauio .
Airfoil section -

Root

Tip
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NACA 2418
NACA 2412

11.30
36.2

NACA 0010 (modified)
NACA 0010 (modified)

L. 80
17.78
5.85
32.40
1.30

NACA COLO (modified)
NACA 0009 (modified)
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[Rccovery attempicd by full rudder

CEART 1.- 3PIH AND REZIC
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CHIBD Z.- EPIH AND RUCOV

MODZIL WILE -

from, end doveloped-spin deta presented for, rudder-full-with spinsg)

ACTERISTICS COF e

Sor revercnl unlusc otherwise noted (recovery attempted

1
i
4

Airpiane; | ANitude: | Spin direction | Loaoding 3 (seetable x ):
T-374 Irect simulated: 7 percent fuel
— Straxes on
Slats Altitudz: Rigat esired center-cf-gravity position:
- 27,000 £t 29.1 percent &

Mocol values converied to full scale

U-inner wing up  D-inner wing down

Reocovered in e slowly rolling inverted dive.
;chcoverz:c‘. in an ioverted dive.
Uicdel entered an inverted dive.

o 5
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Figure 1.- Three-view drawing of the l/l?—scale model of the Cessna

T-37A airplane. Center-of-gravity position indiczted is for the
T5-percent fuel locading.

)¢



}»._J
AN 1

Figure 2.- Modified rudder tested on l/l'?—scale Cessna T-37A model.
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