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RESEARCH. MEMORANDUM -
- for the

. Burgéu_of Aeronautics, Departméﬂt‘of the Navy ‘

" FREE-SPINNING-TUNNEL INVESTIGATION OF A 1/25-SCALE
MODEL OF THE McDONNELL F3H-2N ATRPLANE
| TED NO. NACA AD 3100
By'Henry A. Lee

. SUMMARY -
' An investigation was conducted’invthe’Langléy"Eoefoot‘free—spinning‘
~ ‘tunnel on a 1/25-scale model of .the McDonnell F3H-2N airplane. The
effects of control settings and movements upon the erect and inverted’
spin and recovery characteristics of the model‘wereydetermined for the
clean condition.  The effects of the engine gyroscopic moments on the
spin and recovery characteristics'wére-determined.7 Spin-recovery para-
chute tests were also performed. e P : o -

, The results indicate that erect-and inverted spins obtained on the
" airplane for the combat gross-weight loading should be satisfactorily
terminated by rudder reversal to full against the ‘spin, accompanied. by
 simultaneous movement: of the aileréons' to full with the spin (erect =
 dpin —stick full right in a right spin;. inverted spins - stick full

. left in a &pin to pilot's right). The erect spins obtained should be .
 oseillatory in roll, yaw, and pitch. ' During:recovery the stick should

 be held full back.until ‘the spin rotation ceages in order to avoid best
the possibility of entering an aileron .roll. During recoveries from
the inverted spin, it is important to hold full-recovery controls until
the airplane recovers from the spin because the attitude and rotation .
of the spin may not change appreciably until after about one turn after

 the controls have been moved. The gyroscopic moment from,engine_rqtation

will have no appreciable effect .on the spin and rchveryﬂcharaCteristics
- of the airplane. :A'16.7;foot-diameter.tail‘parachute)with_a towline

_length-of 30 feet andja‘drag4goefficient of “0.73 should be satisfactory
‘ : overies from erect and-inverted‘demonstration spins. '

for emergency rec
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,}ngTRODUCTION

 An 1nvestigation has been made in the Langley 20—foot free-spinning
tunnel. to determine the spin and recovery characteristics: of a 1/25-
scale modél of the McDonnel ‘'F3H-2N airplane as requested by the Bureau

wof Aeronautics, ‘Department of the Navy. The. F3H-2N differs from the
) McDonnell F3H-1N, on which model tests were. previously‘made and the

results. reported in reference 1, primarily 4in that the F3H-2N has a

“heavier fuselage with a. larger engine, a- longer wing root chord, and a

greater w1ng area.

The erect and 1nverted spin and recovery characteristics for the
‘F5H—2N were determined for the combat gross—weight loading.‘ Brief tests
were made to determine the effect of engine gyroscopic. moments on the
spin and recovery charascteristics. The size of tail parachute required
for emergency recovery from spins was also determlned. ,.”

An appendix 1s included which presents a general description of the'

| model testing téchnique, the precision with which model test. results and.
. ‘mass characteristics are determined variations of model mass character-
o 1st1cs occurring ‘durirg the tests, anid a general comparlson between model

and full-scale airplane‘results

SYMBOLS

b ="wing span,,ft

S u‘ﬁ‘:.w1ng area, sq ft

,gmean aerodynamlc chord, ft

:‘§,‘ ratio of distance of center of grav1ty rearward of leadlng
¢ edge of mean aerodynamlc chord to mean: aerodynamlc chord
v_E " ratio- of dlstance between center of gravity and fuselage ref-
e ‘erence line +to mean- aerodynamic ‘chord (positive when center
~of grav1ty is below reference line) L
m . mass of " alrplane, slugsl;;r
”lx;fIY,*IZ,; . moments of inertia about X? Y, ‘and Z. body axes,';jd"

"respectively, slug—ft2
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Iy=-Ty ~-

X inertia yawing-moment parameter
mb® R ' o

' iﬁpfﬁia'roliing-ﬁomeht parameter

inerﬁia pitohing;momént;paiémeﬁerv'

0 1‘;;_‘4Wéir“dénsity;vslugs/cuﬁfﬁ
o relative density of airplane, ’gi
- P " : ‘ p

o '_;i‘anglé.between'fuseiage reference ‘line and Verticél‘(approxié \
mately equal to absolute value of angle of attack at plane -
. .of symmetry), deg - S o -

 angle between span axis and horizontal,“degf:'
v ' full-scale true rate of descent, ft/séc,‘”

L » v‘full-écale aﬁgular‘velOCity about‘spin,akis,.rps
' MODEL AND TEST CONDITIONS

The 1/25-scale model of the McDonnell F3H-2N airplane used for the

- tests was the same model used for the McDonnell F3H-1N tests reported in’
 reference 1 éxcept that it was modified to represent the F3H-2N by . - =

extending the wing root chord and increasing the wing area. A three-view
drawing comparing the F3H-2N and F3H-1N models as tested is shown in fig-~
ure 1. The dimensional charactéristics of the F3H-2N airplane are pre-
- sented in table I. Tongitudinal control was provided by means of an all-
- ‘movable horizontal tail.,. = % S B

- The model was baliésﬁéd‘to obtéin‘dynémic'siﬁilérity_to.the airplane

__at an altitude of 20,000 feet (p = 0.001267 slug/cu ft). The mass charac-

teristics and inertia parameters for the conibat gross-weight loading on
the airplane were supplied by the McDonnell Aircraft Corporation. These. ~
values snd corresponding values for the loading tested on the model are
indicated in table II. S - ‘ o
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R A.remote-control mechanism.was installed in the model to actuate . ,
o the controls for the recovery ‘attempts and to open the parachute for the ,
E: v . parachute tests. Sufficient torque. was. exerted on the controls for the

- reécovery attempts to overcome “the hinge moments and to reverse. the con-

o trols fully and rapidly.';fgy : C

K For the tests made to determine ‘the effect of engine gyroscopic .
" moments on the spin and recovery characteristics, the angular momentum .

. of the rotating parts. of the full-scale Allison J-T1l-A-2 jet engine was

simulated by rotating a flywheel ‘with a small direct-current motor

powered: by small silver-cell batteries.- The. - flywheel vas located in the =

model in such a way that .the axis -of the angular momentum‘was parallel

‘o0 the 1ongitudinal axis of the airplane. o . . .

The maximum control deflections (measured perpendicular to the hinge
lines) used on the model during the tests were:

Rudder, A6E « v e e s ;j. . :1. .‘. . ;T. ... .25 right 25 left
. Stabilizer incidence, deg . . 7.5 leading edge up, 17 leading edge down
'Ailerons, deg e e e e e e e e e ;“;v.-. ;vtgj 4o up; 20 down

. W

‘ Brief tests were made with the rudder deflection 1ncreased to +30°
RESULT_S AND DIscussION |

_ 5 The results of the spin tests of the model 1n the combat gross—weight
L. , loading (table II) are presented in.charts 1 and 2 and in table ITI. In
’ ", the charts and in table III, the horizontal tail is referred to as an ele-
-tlvator for convenience (elevator up, for 1nstance, indicates that the
Uit trailing edge of the horizontal tail is up) 'The model data are presented
© in terms of the. full-scale values for. the. airplane at a.test altitude of
.- 20,000 feet. Inasmuch as- “the. results for right and left spins were gener-
. ally S1milar, the data are presented arbitrarily in terms of right spins.

f‘Erect Spins ..~;¢3

The - results of the erect—spin tests of the model. are’ shown in -
N ‘chart 1. These tests were brief, because the spin and recovery charac-
T T EEPT§ETES” were found to bevery- -simitar-to -those-of- the F3H~-1N model
' .. (ref. 1) and because.of the high,rates of descent of the model and the
ST wandering and oscillatory nature of the spins made it very difficult to
o maintain the model-in the tunnel except for very short periods of time.
o © .- Also, it was ‘difficult to obtain,spins on the model. With.regard to the
l " ‘motion of ‘the model during spins-and during dives follow1ng launchings

fﬁ " . in vhich the model did not spin, reference may be.made to.the motion-
o R picture film strips of»reference 1 show1ng motions of the FBH—lN model.

Bt 5
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These pictures illustrate adequately the motions obtained with the

o During the FBH-EN tests, emphasis vas placed on determining whether
satisfactory recoveries could be obtained by movement of ailerons to full
with the spin and the rudder to full against the spin. These were the
control. manipulations which previously had been found to be ‘necessary for
satisfactory recovery characteristics for the F3H~-1N model (ref. 1). The
model- results indicate ‘that use of this same control technique. would be
adequate as a recovery-control technique for the F3H-2N airplane from any
spins obtained. Although this recovery technique was demonstrated only

. from.the normal spinning—control configuration (ailerons neutral, rudder
_full with the spin, elevators full up), spin-tunnel experience indicates

that this technique would also be adequate from spins obtained at the
criterion spinning~-control setting. (See appendix.) Since the spin
motions of the two models are very much alike, it is also recommended for
the F3H-2N airplane that, during recovery from a spin, the stick should ’
be held full back until the spin rotation ceases in order to avoid best
the possibility of entering an ‘sileron roll. After recovery, the stick
should be moved forward to regain normal flight If an aileron roll
should occur after spin recovery, ailerons should be moved to oppose this
rotation. : :

Brief erect spin and recovery tests were made with maximum rudder
deflections increased to 30° right and 300 left. The results were simi-
lar to those obtained with #25°- rudder settings and are not-presented in
chart form.

Engine'Gyroscopic Moments

The results (not presented in chart form) of the tests made to

* determine the effects of the engine gyroscopic moments on the spin indi-

cate, that. ‘these '‘moments will have no- appreCiable effects on the. spin and

recovery characteristics of the airplane. coa IR IR

Inverted Spinsfal L

‘ The results of the inverted-spin tests of the model are presented ,
in chart 2. The order used for presenting the .data for inverted spins is
different from that used for erect spins. For ‘inverted spins "controls

“erosged™ ‘(right Tudder pedal-forward-and.stick to the pilot's left when

the. airplane is spinning to.the pilot's right) for the developed spin is
shown on the right of the chart and. "stick back" is shown at the bottom..
When controls are crossed in the developed spin, the ailerons aid the '
rolling motion; when controls are together, the airplanes oppose the
rolling motion. The angle of wing tilt on the chart is given as up or

down relative to the ground.‘
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The results as shown in cha}t 2 indicate that settings of ailerons
neutral with the stick back and aileron against the spin (stick right in
~an inverted spin to the pilot's right) are adverse, whereas settings of
stick forward and ailerons neutral or aileron with the spin led to steep

- - spins with 'good recoveries.- Unlike the results of the F3H-1N model tests

" (vased on the laid-cut-flat diameter). -

(ref. 1), the F3H-2N recoveries from the .criterion spin were unsatisfac-
tory by movement of the rudder alone to two-thirds against the spin, but
satisfactory recoveries were obtained by moving ailerons to two-thirds:
with the spin in conjunction with rudder reversal to twoethirds;againstf
the spin. During these recoveries, the: general importance of maintaining ..
~ full recovery controls to end airplane spins was emphasized by the fact =~
“that the model did not-change its attitudeland”rotation”appreciably*until
- about. one turn after the controls had been moved. .. - S

N _Brief-invertéd—spin tests were made with the model center of gravity.

moved back to 35 percent mean aerodynamic chord. The results of these
tests are-ndt presented in chart form but they indicate substantially the
same inverted spin and recovery characteristics as obtained with the cen-
ter of gravity at 30 percent mean aerodynamic chord. ‘ ‘

" 'Spin—Re¢6§ery Parachu£é o

- No spin-recovery parachute tests were made for erect spins of the - -
. F3H-2N model. vInaémuch‘as.thé”results of the erect-spin tests made for .
the F3H-1N and. F3H-2N models were similar, analysis indicates that the
parachute recommended in reference 1 for satisfactory tecoveries from
emergency erect spins on the F3H-1N, or a parachute giving an equal drag,
would also provide satisfactory emergency. recoveries from erect spins on
the F3H-2N airplane. On the F3H-1N, .the parachute giving satisfactory
recoveries was a tall parachute havifig a 16.7-foot diameter (full-scale

”‘laid—outeflat)_With-a150ffbot%§pwlineﬁ‘nd a drag coefficient of 0.73..

4

R Earachutérrééovéry"testsiwere[made}pn}thefFBH-EN model during inverted -
. spins to determine whether thevsame.parachu@e;installation\recommended for
.erectfspins-would;be:satisfaétqu,for‘recpvéryffrom:invertedispins; - The
parachute attachment point used for these tésts was at the same location . -
used for the F3H-1N parachute tests, ‘that is, on the bottom of the fuselage

2 feet (full scale)-ahead of the most rearward point. The results of the .
tests are presented in-table III' and indicate that ‘a parachute installed on
the airplane to provide emergency recovery‘during‘erectfspins would be suf-
ficient to provide emergency recovery from inverted spins. As can be seen

from ‘the results: presented, satisfactory recoveries were obtained with even’

smaller parachutes.tested unless . the ailerons VereLSet”more’than'qne-third

" against the spin.’
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‘Ianding Condition

Landing-condltlon tests were not included in this Ainvestigation
inasmuch as current Navy specifications require this type of airplane to
. demonstrate satisfactory recoveries in the landing condition from only

. one-turn spins. At the end of one turn, the airplane- probably will still.
-be in an incipient spin from which recoveries ‘are’ more readily obtained ‘

than from fully develoPed spins., o

v An analys1s of model tests to determine the effect of landing flaps
and landing gear (ref 2) 1nd1cates that, in the event a spin is entered

in the landing condition, the - flaps and landlng gear should be retracted: -

and recovery attempted 1mmed1ately. o
N CONCLUSIONS_ o

| Based on the results of. spin tests of a- l/25-scale model of the '

‘:McDonnell FBH-EN alrplane in the combat gross—welght loading at an

equivalent spln-test altitude of 20, OOO feet, the following: conclu31ons
regarding the spin “ahd. recovery characterlstlcs of the airplane at a-

spln-test altituge of 20 000 feet are: made-

1. The erect 8p1ns obtained on the alrplane will be wandering and
oscillatory. The osc1llations may becowe s6 violent that the airplane
will oscillate out of the spin without movement of the controls. Sat-
isfactory recoveries from spins will be obtained by rudder reversal to
full agalnst the spin accompanied by simultaheous movement of the »
ailerons to full with the spin (stick’ full. right in .a right spin). The
stlck should be held full back until the spin rotatlon ceases in order
to av01d best the p0551b111ty of: entering an aileron roll.

2 Satisfactory recoveries from 1nverted spins will-be obtained by,’

Vfull rudder reversal to against the spin accompanied by simultaneous

movement of the ailerons to full with the spin® (stick full left in a -
spin to pilot's right). It is important to hold full recovery controls
until the -airplane recovers from the spin since the attitude and rota-
tion of. the _spin may not change apprec1ably until after about one turn
after the controls have been moved.‘

3 The gyroscoplc moments obtained from engine rotatlon will have E o
no apprec1able effects on. the spin and recovery characterlstics of the“

. airplane.,

4 ‘A 16. 7 foot diameter tail parachute w1th a towline 30 o feet

o ‘long and a drag coefficient. of 0. 73 will be satisfactory for emergency
f-recoverles from erect and inverted demonstration Splns.‘




NACA. RM SL57DL8 | M B -8

5. If a spin is 1nadvertently entered in, the landing condltlon at
any time, the flaps and 1and1ng gear should be retracted and recovery

;? should be. attempted 1mmediately._:

< Langley Aeronautlcal Laboratory,i"J' . .

B ‘ National Advisory. Committee for" Aeronautlcs,.nxy,‘ ‘

ff : Langley Fleld Va., Aprll 1,. 1957 L .

. ' s -’éu— :

% S ‘ Henry A. Lee ’ ..
i ~ Approved: o Aeronautlcal Research Engineer

_ Thamas’A;.HarriS'
Chief of Stability Research Division

© sam
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TEST ."mmobs AND PRECISION

Model Testing TEChnique o

: The operation of the Langley 20-foot free—spinning tunnel is gen—

- erally s1milar to that described in reference 3 for. the Langley 15<foot
.free—spinning tunnel except that the. model-launching technique is differ-
ent. With the controls set in - the desired position, ‘a model is. launched e
by hand with rotation into thi ertically rising airstream.‘ After a .
number of turns in the establish i ;‘a recovery. attempt is made' by .
‘moving one or more controls by:means of ‘a remote—controi mechanism.”:After ‘
recovery, the model dives into a safety net.’ The tests are photographed ’
with a motion-picture camera. The spin data. obtained from these tests are
then converted to corresponding full—scale values by'methods described in
reference 3 ‘ . : ‘ ‘

Spin-tunnel tests are usually performed to determine the spin and
'recovery characteristics of a model for the normal spinnlng control con-!.'
 figuration (elevator full up, lateral controls neutral and rudder full
. with the spin) and for various other lateral control ‘and elevator combi-
nations ineluding neutral and maximum settings of the surfaces. Recovery
is generally attempted by rapid full reversal of the rudder, by rapid full
reversal of both rudder and elevator, or by rapid full reversal of the
rudder simultaneously with moving ailerons to full with the spin. The
_ particular -control manipulation required for recovery is generally depend—

.ent on the mass and dimensional characteristics of the nodel ‘(refs.. 4%
:and 5) adverse effects
_1guration for

"’tf_whichumap be’ either agaif t the spin (stick left in a right spin) or with

_the spin depending primarily on the mass characteristics ‘of the particu—

"“lar model. Recovery is attempted by. rapidly reversing the rudder from :

‘full with ‘the spin to only two-thirds against’ the spin, by 31multaneous

. rudder reversal to two-thirds against the spin, and movement of the -

{"x.;aé".v"%" B B R .

¥
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~elevatorwto -either- neutralvormtwcathirds’down or- by~simultaneous ‘rudder
,reversal to two-thirds against the spin and stick movement to. two-thirds
with the spin. This ‘control configuration and’ manipulation are referred -
to as the "criterion spin,' with the particular control:- settings and ‘
‘manipulation used being dependent on the mass and dimensional character-
fistics of the model. R .
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Turns for recovery are measured from the time the controls are moved

~; 0" thetime -the--spin -rotation- ceases. - Recovery characteristics of a model

are generally considered satisfactory if recovery attempted from the cri-

" terion spin in. .any of the manners previously described is accomplished

w1th1n 2% turns. This . value has been selected on the. basis of full- scale-

,airplane spin-recovery data that are available for comparison w1th corre-

sponding model test results.'

For- spins An 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

f.'safety net; for example, >300 feet per second, full scale. In such tests,
- the recoveries are attempted before the ‘model reaches "its final steeper
“Vattitude and while it is still deéscending in the tunnél. 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 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 were moved to the time the model struck the net, as >3. A >3—turn
'recovery, however, does not necessarily indicate an improvement over a

>7-turn recovery.- A recovery of 10. or more turns is indicated by e,

>‘.When a model: recovers w1thout control movement (rudder held w1th the spin),

the results are recorded as’ no spin.

For spin-recovery parachute tests, the minimum-size tail parachute
required to effect recovery within 2— turns from the criterion spin is

L
determined The parachute is’ Opened for the recovery attempts by
actuating the remote-control mechanism, and the rudder is held with ‘the
spin so that recovery is due to. the parachute action alone. The parachute

. towline is generally attached to “the bottom rear of the fuselage. The

" ‘folded. spin—recovery pars

.. that it ‘does. not geriously, nfluence the established spin.
" holds' the packed parachute to the model and when released alyows ‘the

‘parachute to be blown free of the model. On full-scale parachute instal-

1 te is. placed on the model in such a position'
:@A rubber band

lations-it is. desirable. to mount the parachute pack within. the alrplane

'q:structure, if, possible,-and it‘is ‘recormended “that ‘a. mechanism be

‘T;employed for positive eJectio_ ‘of the parachute.jwjﬁ'

Precision o

Results determined in free—spinning-tunnel tests are believed to be,

mtrue values given by models within the . following 1imits-
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Turns for recovery obtained from.motion-picture records . . . o o t%--
;} o ',V<Turns¢for recovery Obtained v1sually ;d}.. . .. ;“. e e e e . L

; , ‘The preceding limits may be exceeded for certain spins in which it .
- is difflcult to control the- model in the tunnelﬁbecause of. the high rate Co

e

o The accuracy of measuring the weight and mass distribution of models
Lis believed to be within the following lim1ts°w ‘ .

“Weight, percent e e e e e e e .fﬁ~} ..gf, S e e e e e e e e 11
Center-of-gravity location, percent €-. . .« . . P 4 B
) Moments of 1nert1a, percent . . . . .ﬁ.‘,'._. .-%..‘.”. PR . 15

; Controls are set with an accuracy of +l° - The rotational rate of
- the flywheel simulating the. engine was maintained'within +lO percent of
the desired values. R ‘ ‘ L .

. ' - o Varlations in Model Mass Characterlstics

Because it is 1mpracticable to ballast models exactly and because

R ‘ of 1nadvertent damage to models during tests, the measured weight and
mass distribution of the McDonnell F3H-2N model varied from the true

‘scaled—down values.within the following limits:

- Weight, percent . "_. -  +...0tolhigh

71ZCenter-of—gravity location; percent ¢

.. ;1¢wtot2‘rearward

:.Moments of 1nertia:, RPRPE L L s B
"Iy, percent e e e e el c e e e cie v ’e o« o s o0'to 5'high -

c ee e viie e w20 to2°high.

Iy, percent e e T
"-‘IZ, percent ,f1“; P

Comparison Between Model and Airplane Results

: Comparison between model and full-scale results in reference 6 indi-
..cated that model tests predicted accurately full-scale recovery character-
istics approximately 90 percent of the time and that for the remaining ’

B S .

1 B T
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-~H;10,percentgofwtheAtimg,ﬂthgwmgge}ﬁrggg;tsbwere:of_valueQin‘predicting ‘
gsome of the details of the full-scale spins, Such as motions "in"the.
~ developed spin and proper recovery tecliniques. ﬂThe'airplanes'generally
" spun at an angle of attack closer to 450 than did the corresponding
' models. The comparison presented in reference 6 also indicated: that '
- generally the airplanes Spun'with the inner wing tilted more . downwarg
and with a greater altitude loss per revolution than did ‘the corre-
_ sponding models, although’the higher rate of des¢ent.wa5‘found'to be
‘generally associated withfthe‘Smaller'angle‘offattack regardless of -
whether it’was*fdn theImodelforvﬁheﬂairplane.’*‘9, ST

7
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TABLE T.=- DIMENSIONAL CHARACTERISTICS OF THEC»

' McDONNELL FBHFEN AIRPLANE
; Overall length, ft B e ele e ;v35§.81 .
,ESpan, FE 0 aie aiate o ae e e e e e el el e e ,:;A.fav:;f35 33
“Area, sq £t . o o0 aje e e < e e e el e e e c e ‘519
Root chord, iNe .« « o e o o o o o o o o o o e e e eiee e e 250
© Tip chord, in. e e e e e e e e e e e e e e .« o e 103
Incidence, GEE « -« o« o o o o o v o e e s @ o o e L. i e . 20
Taper TBEIO o o o o o o o o o 8 o @ 4 s s e s e e 0 e o Ok
. ASPECt TAtIO o o o o o o o ale e o e e s e s e e e s e e 2.4
. Sweepback at 0.25 chord, deg &+ . « - - ¢ « « - B - I
. Dihedral, GEg .« + o o o s cTe s w o oe s e e s e eTe e el 00
s .+ Mean aerodynamic chord, in. . ' . e e e e e . 186.T
Ry oo "'Leading edge c. rearward of 1eading-edge root chord1 in., .. 10L.5

Trailing-edge flaps' ‘ : . . ‘ o , ST
Total area, Sq £t < « ¢ o o o o o o o o o ¢ e e e e e s e o 30.T2
Total span, percent b . . o o o e o e e e e e e coe. . 25.43

Aileron: _ S ’ o o
Total area;wrearward‘ofuhinge line, sq £t " « ¢« o « ¢ o & g,: 31.30 ‘
‘Total span, percent 1T I NN B .53.96'

Horizontal—tall surface (all-movable): S :
_.Total area, .sq [ 1 R ;f, e e e e s .‘;ﬁ9f182 h9j?
. .Span, Tt . T e e e e O T LY ;‘--815 75‘& L
" Sweepback at 0.25 chord, deg % i« . . e e e e e e e e h5 00 .
Distance fram combat gross-welght loading center;of' o
gravity. t6 intersection of the horizontal-tail B N
hinge line and fuselage center line, S i R 25}04'

‘”Vertical tall surfaces. : o S -
" Total area, SqQ ft . . o o oo e e o e 48.20
__Rudder area, rearward of hinge line, sq ft e e e e e ee e . 11.30
“Sweepback at 0.25 chord, deg™. . .. . e e s e e e s s s b5.00
Distance from combat gross-weight loading center of ' s
. gravity to 1ntersection of rudder hinge line and the I
: theoretlcal tip of the vertical tall i S ,’,1."29.00~

i

"‘iTall damping-power factor .'“




TABLE II.

|

AND FOR THE LOADDIG TESTED ON THE 1/25 SCALE M)DEEL

are given about the center of gravity]

[Model values converted to correspondlng full- scale values, moments of inertia

MASS CHARACTERISTICS AND INERTIA PARAMETEERS FOR THE McDONNELL F}H-EN AIRPLANE .

Center-of- | = Relatlve _Momients of inértia, S T
o ‘gravity . den51ty, 51 -ft2 © _Mass parameters .
Weight,| location | ~"-p, at - v o o
S _ —
' ‘X z - |'Sea |5 et] I I I .S
X | 2} 8ea lon 000 £t :
Tl E|lever| T X T2 12
- e . : mb -

- f Full-scale

airplane values

combst - | ot o] o} . ’ N o

o s wetgt|26,078 [0.299(0.00119.15| 35.9  |16,505|83,084 95,134 |-639 x 107 =96 x 2074|735 x 10|
Model velueegaxr

C°§:ﬁgzs veignt|27,084 [0.30 Jo.ou7fagiar| 36.16 7,363 8, 788[95,291 |63 x 10™]-100 x 107|743 x 207

_gngIs._ W VOVN

<t
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‘TABLE III.- SPIN-RECOVERY TAIL-PARACHUTE DATA OBTAINED

F}H-QN AIRPLANE IN INVERTED SPINS

“WITH THE 1/25-SCALE MODEL OF THE McDONNELL

"pe‘@ombat gross-weight loading (table I1); rudder fixed e
7 full with spin: ‘and elevator full down (stick - forward),,

recoveries attempted by {opening parachute only; model L
values converted to corresponding. full-scale values,‘
,inverted spins to pilot's. rlghﬂ

.| Parachute
diameter,
£t

Towline

length, -

ft

 Parachute
drag -
coefflclent

Aiierons'

Turns for recovery -

~12.5 :

50

0. 63

against

W

%‘} 1, '.l%’. ‘:l)-' .

F

30

.63

Wi

against | 1,

15

.63

N

against | ‘1,

15

~ against

Full 2,

30

63

Full |
against. |

16.7.

30

.63

L against

== |

LY

NI

S R

- 20.8

. ‘ HV,Y‘B’O‘ ) . )

1

against

E
-

=i
-

e |
] . :

+=i~

q.FI-
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CHART 1. ERECT-SPIN AND RECOVERY CHARACTERISTICS OF THE MOIEL
E’.‘cmbat gross-weight loading (table II}; landing gear retracted, recoveries attempted
by full rudder reversal and aileron movement 1o full with the spin (recovery attempted
from and developed-spin date presented for rudder—fu.u.—with spins); right erect spins]

. a,b. S e

|° No
SPIN

:’ _—
L
&8
P
oo
. A
v o]
)
o~ T
= :
T a,c 2,d
‘|Allerons full with I Cb3sy| S .
i “(Stick right) © SPIN . NI RO
‘ | wo seIN |. ' ‘
I3
&= A
o g
A5
&la
' $a| M
s [+] ) 1 v
43| i
. a -
. >l
. o]~ ¢
- [x] ' -t
8,4 8,8 c !
’ I - NO
>351 : R : E ' PR
SPIN | . : ‘
' . ' NO 'SPIN | -

ATwo conditions possible.

bHodel motion became oscillatory in roll md yaw e : (d:g) ‘(d(tg)-
until model rolled out.and dived or: went 1nto X : - A :

.an inverted spin. . .Model values v Y
°Hodel motion Became oscillator then r 1ed .converted to . - (fps) "(rps)
Y. : corresponding

_out in the direction of the aileron'se ting . '
into a steep aileron roll. . 'E‘flinzzt_lslzzl\lﬁs-

dA high-veldelty wandering spin oacillnc ¥ 1n 'D. inner wing down
. roll, yaw,: and pltch. ST Lo ’

T ®Went mto an inverted spin to pilot's ert A

“fHodel motion became oscillntory, then model dived wut. -

- - R . 3Hodel motion became boscillntory, then model dived out
, ' X ,’mverted. .

Turns for--
recovery
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" CHART 2.- INVERJED—SPIN AND RECOVERY CBARACTERISTICS OF THE MOEL

[_CDmoat gross—weight loading (tanle 1I); recovéry attanpted by rapid fuJ_'L rudder’
- reversal except as indicated (recovery attempted from and developed-spin’ data .
. present.ed for rudder-fu]_l-with sPins), model rotation to pilot.‘s righﬂ .

26 . ,gl o ‘ :
Lo o8 .
T ] L :
: -3 e " NO R
300 J0.29 = 5 o 5392
= . Al N i
- c.d" c.a SPIN .
g, >5 22| 0" i . )
ﬁ, 51 19D H ﬁ '
1o g -¥ 1 300(0.30 :
T SPIN. T of
Elevator 1 s -l B
2% ol o
2 : EER
3 1 2 “
2 I ol
g8 .8 33
1, 13 S
ol n .
e :
. } L "
ﬁB cepl o .
R oL L6} 18p] - . " B
Controls together - - . ‘300 030 © ' .controls crossed .. ..’
(stick right) B 1. (Stick left) " .
13, 3 ' P 5,2 NO SPIN
. g
O
A%
— o
I~ -
&t O
-
e ©
-l
2
o v .
ol .
o .
I, i
-33 7o . oot 31 .6p
50| 23pf - ST e . Lgzap| -
2ghfo.uz0l L o) |- 300]0.32] 5392
59, oo | ~i, o |, ‘

‘Oscillatory spin, range or average values given. o e
Psteep spin. - B ’

_ CTwo conditlons’ possible. : . T .
dModel motion became oscillatory, “then model divad out.

| e ®

- {deg) | (deg)
v Rt
{fps) | (rps)

®Recovery attempted by reversing rudder. from full
with to full.against the spin simultanecusly
with allercn movement from full ngainsf, to

Turns for
recovery ..

.

full with the spin. L e
TRecovery: attempted by reversing rudder, rrom - E
“full with’to %‘ against the =p1n :

Model values
‘converted to

"‘Eﬁecovery attempt;ed by reversing ruuder rx-om ful] with

~ corfesponding.

"'full~scals values
“U. inner wing up -
D inner wing down

to S against the spin similtaneously with a;ileron o
movement rron: 1 against; ‘to 2 with the lpin
‘Model recovered :Ln a steep aileron roll. .

o

18
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TYYS .
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Srapilizer.

[
-
hinge line: - e

e L el

- FBH-—EN alrpla.ne as tested in ,,he Langley 20 foot free-splnnmg tunnel
© with a comparlson draw1ng of the. McDonnell F5H 1N. - Dimensions are
~ model values ,' center—of—grav1ty pos:Ltlon shown for "the combat gross-“.
welght loa.dlng. - : . , : \
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.{;?FREE-SPINNING TUNNEL INVESTIGATION OF A 1/25—SCALE
MODEL OF THE McDONNELL FBH-EN AIRPLANE ‘

TED NO. NACA'AD 3100

By Henry A. Lee
'_ABSTRACT’:

o An: 1nvest1gat10n was, conducted 1n the Langley 20-foot free—spinning

‘ tunnel on a. l/25—scale model ‘o determine the spin dnd recovery charac-
teristics of the McDonnell. F3H-2N airplane. Satlsfactory recoveries

from erect or inverted spins should be obtalned by rudder reversal to
full agalnst the spin accompanied by simultaneous movement of the ailer-

“ons to full with the spin. . A 16, 7-foot-diameter tail parachute with a
towline length of 30 feet -and a drag coefficient of 0.73 should be satls—
factory for emergency recoverles from erect and 1nverted spins. .
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