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,’ ‘, SuMMARy,” ” ’ ‘,I, ! ,’ “. /’ ,,, ,, ;,, ._ 
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,. .,;, 

An investigation was conducted in the Langley 20,-foot'free-spinning 
tunnel on ,a l/25-scale model  of.the McDonnel l  F3H+2N airplane.. 'The, 
effects of control settings and movements  upon the erect and, inverted 
spin and recovery characteristics of the model  were,determined for the 
clean condition. The effects of the engine gyroscopi6 moments  on the 
spin and recovery characteristics' were determined. Spin-recovery para- 
chute tests were also performed. '.,, 

The results indicate that erect.and inverted spins obtained on the 
airplane for the combat gross &eight, loading s,hould b-e,s,atisfactorily 
terminated by rudder reversal, to full against the :spin, #companied7by 

the'ailerons "to 'fullwith the spin (erect simultaneous movement,of 
spin i. .stick &.&right in a, right spin;.inverted spins.: stick full 
left in a  spin to pilot's right]. The ,erect spins obtained should be 
oscillatory in'roll, yaw, and pitchi , ,D&?ngcsecovery the stick should 
be held full back.until 'the spin rotation ceases in order to::avoid best 
the possibility of' entering an aileronroll. During recoveries from' 
the inverted spin, it is important to hold ful17;recovery controls until 
the airplane recovers 'from the spin because the'attitude and rotation 
of the spin may  not change appreciably until aft&about one turn after, 
the controls Uve,been moved.  The gyrosdopic.moment from,engine rotation 
will have no appreciable effecton the spin and recovery characteristics 
of the airplane. .A 16.7-foot-diameter. tail parachute,with a  towline 
length,:of 30’feet and a  drag coefficient of-O;73 should be satisfac,tory 
.for emergency ,redoveries from>erect and inverted demonstrat ion spins. ., '( ,,',' I. '. : '/ 

,, ', 
: '. ',, 
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' 
,; ,@TRODUCTION ,. '. '1 ,,!' ' ', 

An investigation has been made in the Langley 20Afoot free-spinning 
tunnel to, determine the spin and recovery chkracteristics~ of a  l/25- 
scale model  of the McDonnel 'F3HGN airplane as requested by the Bureau 

'of Aeronautics,~',Department o,f 'the Navy. The.F3HT2N differs from the 
McDonnel l  F3H-lN, on which.model tests were previousiy made and the 
results. reported in reference l,',primarily:~in that the F3H-2N has ,a 
heavier fuselage with a,larger, engine, a.‘longer wing root chord, and a  
greater W ing area. II , 

The erect and inverted spin ax&recovery characteristics for the 
F3H-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 characteristics. The size of tail parachute required 
for emergency recovery from spins was also determined. :, 

. 

‘. 
,’ ; 

An appendix is included which pi-esents a  general description of,the 
model  testing technique; the precision with which model  testres~ults and 
mass  characteristics are determined, variations of model  mass  ~character- 
istics oecuk%gdurix ig the tests, and a  general comparison,between model  
and full-scale airplane results. 

SYMBOLS ,/" 

,, 
& ' wing span,.ft ,, '. .' 

._ ,. 
wing~$i.ea,,~sq f-t ; : , ,, ,,;',, 

.' s  .a 1; ,,,.( .' ,, ' ., 1  c', :,;:._ mean aerod$namic'chord,'ft; ,. '; ; ,. ,; . ., 2  .: '. : 
.- & ratio of dis,tan~e of center of gravity rearward of leading.,. -_ _  

C edge ,of mean aerodynskk chord 'to meanaerodynamic.  chord " .,. 

z  ratio,of distance be&e,en center'of gravity, andfuselage ref- 
E erence line to me;"aerodynsmic'chord (positive when center 

of gravity 'is below reference line) 

m  
. . 

IX;.IY, IZ : moments  Of iner,t~is about Xj' Y, and Z,body, axes', 
" respectively; ,slug-ft2 .' 

,' , '. :, '.. . 

'S 

.: 
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Ix..“- .-Iy . ,. .I. ‘. ,, . .,. _ .: 

mb ,2, inertia yawing-rn-ent 
,' 

Iy-SJ ',, 
inertia rolling-moment parameter 

,mb 2' .' ';I(,,. 
._ ,' 

Iz-Ix " '. ,. 
inertia,pit&ingAioment~par~eter~ 

2 .,.I: ,,: mb ., ', 
; 

p ; ../, 'air, density, slugs/tuft 

‘, 

P’ relative density of airplane, m  
PSb 

a angle between fuselage reference line and vertical (spproxi- 
mately equal to absolute value of angle-of attack at plane 
of symmetry), :eg .I ,, 

@ , angle,between span axis and horizontal, ,deg 

v full-scale true rate of descent, ft/sec 

n,' full-scale angular velocity about spin axis, rps 

MODHL"AND TEST CONDITIONS 

The l/25-scale model of the'McDonnel1 F3H-2N airpls.ne used for the I 
tests'was the ssmemodel us,ed for' the McDonnell F3HilN tests ,rep.orted in' 
reference lexceptthat itwas modifiedIt represent the'F3H-2N by, 

,_ 

extending the wing root chord and increasing the wing area. 4 three-view 
drawing comparing the, F3Hi2N and'F3HrlN models as' tested is shown in fig-' 
hre '1.' The dimensional characteristics of-the F389 airplane are pre- 
s&ted in'table I. ‘Longitudinalcontrol was .provided by means of an all- 

'movable horiiontai tail!.. . . _,, ,, 
'. ; 

The model was ball&ted to obtain dynamic s&ilarity to the airplane 
at an altitude.Pfj.".2!!1000 feet (p = 0.001267 slug/cu ft). The mass charac- -.. l.-"l,..~ ..,., .) .__, _,_, _I _~ . .I,, ..,,. 
teristics.and inertia'pa%neters for the combat .gross-weight loading on 
the airplarie,were~ supplied by the McDonnell Aircraft Corporation. These 
values and corresponding valuesfor the loading teste,d on the model are 
indicated in table II. : 

'. ',. 
., 

. II. 1.11 I ..,...,, .‘.y..T.-y mw..--mm- - .._-- ;- 

WC; m  s~571h.8 ~.a---- (', 3 

,,V{ ,’ 
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% ,& /,. .(, .:_ :. Y.. A~.rem~~;-~:ontl;lo~.mechanism'.w;as,..iris$alle~d. inthemodel to actuate, 
. *  . the controis'for the recovery attempts ,and to open the parachute for the 

;;' 
*. parachute .tests. Sufficie&torque was exerted on the controls for the 
t. . recovery attempts to overcome;,the hinge'moments and.to reverse the con- 
. . trols fully and rapidly; I .' , 

l 
. 

,' For the ,tests made.to determ ine/the effect.of engine, ,g&oqcv,pic '. 
.moments on the spin and recovery characteristScs, the angular momentum 
of the rotatin@ ;.parts, of:the'full-scale Allison J-71-A-2.det engine was 
simulated'by,rotatinga flywheel'with a'small direct-current motor, 
powered by.small silver-cell batteries.' 'Ike flywheei,was'.located ..in the 
model.in such a way‘that.the axis .of the, angular :momentum'was parallel 
to the longitudinal axis of the airplane. ,,,' ; : 

2,' : , 
'Ihe maximum control deflections (measured perpendicular to the hinge 

lines) used on the modelduring the tests were: Y  

,,. 

Rudder,' deg . . . . . . . . . . I' . . . . . . . . . . 23,right, 23 left 
Stabilizer incidence, deg . . 7.5 'leading edge'up, 17~ leading edge down 

~Ai$s-i‘orik, deg . .I . . . I i '. . ., ,. :, ; . . : : . .l, 40 up; 20 down 

',I,' B rief tests were made with the rudder deflection increased to f30°. ', ,, i ,, ,. 

.' RESULTS tiD DISCUSSION ', 

The results of the spin tests'of the model in the combat gross-weight 
I loading (table II) are presented incharts 1 and 2 and in table III. In I ', ,- ., the charts and in table,III, the horizontal tail is referred to as an ele- ,",. ,,, vator for convenience (elevator up, for instance, indicates that .the . ,. " .,I. 'trailing edge 'of the horizontal tail is up). The model data are presented 

in terms,pf the.full-scale values for the. airplane at a testaltitude of .: ., 
20,000 feet. Inasmuch as the results for right and left&pins were gener- 
ally similar, the, data &e presented arbitrarily in terms  of right spins. 

.,',. ,I ., :. : ,,' ,I ;, ,. ,.,, ,' I,' . 
1 

‘,, 
~ 

: . .  

Erect Spins - .1 ".,I. 
" L ,',_ _' ,, I, 

The.results of the erect-sp~n;i%sts of' the model'are shown in 
chartl. These tests were brief, because the spin and recovery charac- a>. ,_.i. ; -._ ,.;: _ ~~~$~f~~$$$&& ft~-Qnd~ to be+veTy..-@+&~-to -th~se_.o$ the F3H-m model 

'-(ref. 1) and because-of the hkgh,rates of descent of the model and the 
.: '* 
:. ', 1 

8 a. 
.', I> 

,/,T' 
I 

k .:' i 
e j:. 

wanderi& and osciliatory natijre of .the spins made itvery difficult to 
maktain~the model-in the tunnel-except for very short periods of ,time. 
Also; 'it was 'difficult to obtain spfns on the model. W ith.regard to the 

'motion of 'the,inodel .during spins-and'huring dives following launchings 
hi which the, model did'not spin, reference may be.made:to.the motion- 
picture film  strips of reference 1 showing motions of the F3H-lN model. 
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These  p ic tures i l lustrate a d e q u a te ly  th e  m o tio n s  o b ta i n e d  wi th th e  
F3H-2N  m o d e l .. . . . . "  - ,_  .,._  ~  ._  : _  _  .i:: .., _ _  

Dur i ng the  F3H-2N  tests, emphas i s  % s p l a ced  o n  d e te d n i n g  w h e the r  
sat isfactory recover ies  cou l d  b e  o b ta i n e d  b y . m o v e m e n t o f a i l e rons  to fu l l  
wi th  th e  sp in  a n d  th e  r udde r 'to  fu l l  aga ins t  th e  sp in.  These  we re  th e  
c o n trol m a n i p u l a tio n s  wh i ch  p rev ious ly ,had  b e e n  fo u n d  to  b e :necessa ry  fo r  
sat isfactory recovery  character is t ics fo r  th e  F3H- lN  m o d e l  (ref. 1).  T h e  
m o d e l  ,results ind ica te  th a t u s e  o f th is  s a m e  c o n trol te c h n i q u e .wou ld  b e  
a d e q u a te  as  a  recovery -con t ro l , teehn ique  fo r  th e  F3H-2N  a i r p l ane  f rom a n y  
sp ins  o b ta i n e d . A lth o u & h  th is  recovery  te c h n i q u e  was  d e m o n s trated on l y  
f rom.the no rma l  sp inn ing-con t ro l  c o n fig u r a tip n  (a i le rons  n e u tral, r udde r  
fu l l  wi th  th e  sp in,  e leva tors  fu l l  up) ,  sp in - tunne l  expe r i ence  ind ica tes  
th a t th is  te c h n & q u e  w o u l d  a l so  b e  a d e q u a te  f rom sp ins  o b ta i n e d  a t th e ' 
cr i ter ion sp inn ing-con t ro l  sett ing. ( S e e  a p p e n d i x .) S ince  th e  sp in  
m o tio n s  o f th e  two m o d e l s  a r e  very  m u c h  al ike,  it is a l so  r e c o m m e n d e d  fo r  
th e  F3H-2N  a i r p l ane  th a t, du r i ng  recovery ' f rom a  sp in,  th e  stick shou l d  
b e  he l d  fu l l  back  u n til th e .sp in ro ta t ion ceases  in  o rde r  to  avo i d  b e s t 
th e  possib i l i ty  o f e n te r i ng  a n 'a i l e ron  roll .  A fte r  recovery ,  th e  stick 
shou l d  b e  m o v e d  fo tia r d  to  r ega i n  no rma l  fl ight. If a n  a i l e ron  rol l  
s hou l d  occu r  a fte r  sp in  recovery ,  a i l e rons  shou l d  b e  m o v e d  to  o p p o s e  th is  
rotat ion.  

B rief erect  sp in  
d e flec t ions  i nc reased  
lar  to  th o s e  o b ta i n e d  
char t  fo r m ., 

a n d  recovery  tests we re  m a d e  wi th m a x i m u m s  r udde r  
to  30 °  r ight  a n d  30 °  left. T h e  resul ts  we re  s imi-  
wi th & 5 O , rudder  set t ings a n d  a re ,no tp resen ted  in  

T h e ,results (not  
d e te rm ine  th e  e ffects 

p r e sen te d 'in  char t  fo rm) 'o f th e  tests m a d e  to  
o f th e  e n g i n e  gy roscop i c -momen ts  o n  th e  sp in  ind i -  

cate,  th a t th e s e 'm o m e n ts W ill h a v e  n o ,app rec i ab l e  e ffects o n  :th e  s p + n  a n d  
recovery  character is t ics o f th e ,a i rp lane. '  ,.; 2  .: ,1 , 1 . ., .#  .' ., 

: ,, "  ', 
I:. 

Inve r ted  Sp i n s ,‘, ;> , ., 

E n g i n e  Gy roscop i c  M o m e n ts 

: . . . 1  , I..,. 
T h e  resul ts  o f 'th e  inver ted+pin j tes td :~of ,  th e 'm o d e l .& e  p r esen te d  

in  char t  2 . T h e  o rde r  u s e d  fo r " -p resen t ing  th e '.& ta  fo r  inver ted  sp ins  is 
d i f ferent  f rom th a t u s e d  fo r  erect  sp ins.  For '% inver ted  sp ins  "cont ro ls  

-"‘ck .os~~d " ' - ( r ight . rudder-pedal - - forward-and.s t ick  to  th e  pi lot 's Ie ft w h e n  
th e  a i r p l ane  is sp i nn i ng  to .th e ' pi lot 's r ight)  fo r  th e  d e v e l o p e d  sp in  is 
s h o w n  o n  th e 'r ight o f 'th e  char t  e n d  "st ick back "  is shoF..at  th e  b o tto m ., 
W h e n  c o n trols a r e  c rossed  in  ,th e " ,d e v e l o p e d  sp in,  th e  a i l e ronsa id  th e  
ro l l ing  m o tio n ; w h e n  c o n trols a r e  to g e ther ,  .th e  a i rp lanes  o p p o s e  th e  
ro l l ingmot ion .  .m e  a n g l e  o f w i ng  tilt o n  th e  char t  is g i ven  as  u p  o r  
d o w n  relat ive, to th e 'g r o u n d . : '2 , 

,. ., ', ' 

.I 

1  I 
i, 
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The results as shownin chart 2 indicate that settings -of ailerons 

neutral with the stick back and aileron against the spin (stick right in 
an inverte,d 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 F3HilN model tests 
(ref. l), 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 obt.,ained,by moving ailerons to two-thirds : ,, 
with the spin in conjunction with rudder'-reversal to two-thirds,against. 
the spin.' During these recoveries; the general importances of maintaining 
full recovery controls, to end airplane spins was emphasized by the fact 
that the model did not change its attitude and rotation appreciably until 
about one turn after the controls had been moved. 

', 

.Brief inverted-spin tests-were made with the model center of gravity. ', ', 
moved back'to 35 percent mean aerodynam ic chord. The results of these 
tests are.not presented in chart form  but-they indicate substantially the 

,, 

ssme inverted spin and recovery characteristics as obtained with the‘cen- 
ter of gravity.at 30 percent mean aerodynam ic chord. 

” ,, ~ (/ .; .,. '\ Spin-Recovery Parachute 
” .’ 

,: , 
" '. ., ',' ,' 

No'spin-recovery.parachute tests were,made. for erect spins of the 
.F3ti-2N model. Inasmuch as,the results of the erect-spin tests made,.for . 

" the F3H-lN ,and:F3H-2N models were similar, analysis indicates, that the 
parachute recommended in reference '1 forsatisfactory recoveries from  
emergency erect spins on the l?3H-lN, 'or a parachute'giving an equal: drag, ; 

l would also provide satisfactory emergency recoveries from  erect spins on 
,,: -; the F3H-2N airplane. On the,F3H-lN,,:the parachute giving satisfactory 

recoveries was a tail parachute:havii a,,.l617'-foot diameter (full-scale . laid-out-flat) with 'a'.30-f6ot.'-t;pwl-ine,.and a;drag coefficient of 0.73,. ;,. " , :;,:,:,: ,] ,, 
" 

;.,, . ,.' *. (based on the la,id-out-flat :di,&eter):,, 1' : ', ,I ,', ,, " ,p ',..,: ,,. ,,"., 
:. inverted * Parachuterrecovery 'tests:'irece'made, on the.'F3H-2N model during 

spinsto determ ine whether the,same parachute instaliation'recommended for 
.,, ,' erect: spins would be satisfactory,for recovery'from  inverte,d spins. The, 

parachute.attachmentpoint used'for these te,sts was at the same location 
used for the F3H?LT,,parachute,'tests, that is, on the bottom  of the fuselage 
2 feet (full scaie))ahead of the most rearward point. The,results of the 
tests are presented in,table IIIsnd indicate that a parachute installed on 
the airplane to provide emergency recovery duringerect,spins 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 
.I smaller,parachutestested unle'ss,~the ailerons were set more than one-third .,' ,,; ':, against the spin.' fi 

" ,. ;, '\. ,' I 

- -’ 
‘-, 

;. 
- 

: 

: I’ .I:,, 

,,.. s,,. ::,: . 

I,.., (. 
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, Landing Condition 

Landing-condition testswere not included in this ,investigation 
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. .' ! ,' 

An analysis of model teststo det&&ne the effect of landingflaps. 
and landing gear (ref. 2)indicates,that, 'in the event a spin is ,entered 
in the landing condition, .the,flaps and landing gear should be retracted. 
and recovery attempted immediately. 

.' 

'CONCLUSIONS' 

‘, 

Based on the results of,spin,t&sts of a l/25-scale model,of ,the " 
McDonnell 'F3H-2N airplane in the c+mbat.,gross-weight loading at an , 
equivalent s&n-test altitude of 20,QQO feet, the,following conclusions 
regarding the' s-&n'and recovery characteristics of the airplane at a- 
spin-test altitude of 26,000 feet are'&de:. 

.' . 
1. The erect spins obtained on the'airplane will be wandering and 

oscillatory. The oscillations may become so 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 against the spin accompanied by simultaneous movement of.the 
ailerons to full with the &in (stick full right in a right spin). The 
stick should be held full back until the spin rotation, ceases in order 
to avo,id,best the possibility of, entering an,.aileron roil. : : ,' .I,, ., '.I I,' ,'_ 

:2. Satisfactory recoveries. from  inverted spins will,;be.obtained by, 
full rudder reversal to against the spin accompanied by.simultaneous :: 
movement-of the ailerons to full with,,the spin' (stick f,ull left in a 

" s&n to pilot's right). It is important to hold full reoovery controls 
until the airplane recovers from  thespin since the attitude and rota- 
tion of.the spin may not change appreciably until after about one turn 
after the controls have been moved., 

I, 

3..The gyroscopic moments obtained from  engine-rotation will,h&e 
no appreciable effects on the spirrand recovery characteristics of, the 
airp$be. .' ,. ', , " >., 

"4,;. A  16.7-fcot4iametertai.i parachute tiith a towline 30.0 feet 
long and a dragcoefficientof 0;73 will be satisfactory for emergency 
recoveries from  erect, and,inverted',demonstration spins. " .' '. I', ', ,: 

: .L,W 
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TEST,ME&ODS AND PRECISION " 
'-,_ / 

.1 :I 
Model Testing ,T'echnique 

The ope,ration of the La&&y 20-foot free-spinning tunnel is gen- 
erally s&i.lar to that described in reference 3 for .the Langley 15Cfoot 
:free-spinning tunnel except that the.:model-launchin&,technique is'differ- 
ent. iith the controls set inthe desired positioniJ:a model is launched.; 
by hand with rotation into the:i.verticaliy rising air,stream. @ter a,.:.' 
number of turns,in the established spi&~ a recovery'.;attempt4s made-;by ,I 
'moving one or more controls by"%eans &<a remote-control mechanism, ,-After 
recovery, the model dives into a safety net." '9!he tests are photogi-aphed 
with a motion-picture camlera. The spin data obtained from these teB,ts are 
then converted to corresponding full-scale values by methods described in 

,. 

reference 3. ,. 

.’ .‘, I 

.’ 
8’ .. 

Spin-tunnel tests are usually performed to determine the spin.and. 
recovery character&tics of a model for ,the normal spikining-control con-. 
figuratgon (elevator full up, lateral controls neutral, and rudder full 
with the spin) and for various other lateral control'and elevator combi- 
nations including neutral end 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 characteristJ.cs of the,'&odel (refs.. 4 / Ax ,I 
'and 5) ;' Tests are also performed to evaluate :the poss,&e adv,erse effects 
on-re,c:overy..of small deti$t%ons from the normal contr?~~~~~~ig"ati,pn for,:, 
S&gli&~ For these tes~&;::the elevator is "s't$t at eith$..,.'full-up or' two- 
thirdsof its full-up de@ection an&the lat$al controls:are set at:one- 
th& 'o%::full :de~lection~~~~~r,the.direc,~ion con&ucive to: slower recoveries; 
tih&h i&y be 'either agai~'~"tkiei.spin'-:Cs~~ek'i~ft in a rpght spin) or with 
the spin. depending primarily on, the mass characterz&.tics .of the particu- 
lar model. Recovery is attempt&by rapidly r$versing the rudder from 

'full with 'the 'spin to only twolthirds againstthe spin;'by s+mul&neous 
rudder'reversal.to two-thirds:a&nst thespin, 'and-movement,,of.the, -- *I 

$, :. .: . . . . . . 4 'q- ,,erevator.RftO--Ed-ther. neutral- or--two~t~rds-~d~,-or..-by-simultaneous rudder 
p? 
)T$j 1. reversal,to twolthirds against,'the spin and stick movement"td. two-thirds 
$$. &,/ " 

w;Tth:the spin: This 'control'configuration and,manip;ul.ihtion ax$referred 
Qy .' to as the ':criterion spin," with .the particular control.'settings and $,lq,' i$b; ..' manipulation used be3ngdepende:n-t on the ma&,-and il-fmensiona 'character- 
_: i .. &tA.cs of the model. '3% ; :.&p , ,, . ,.' : .E, - " s. .' ,- 
z ., i ,':,,t, -.'i ""-( :s$ ,:, ., 

,' ", ', p&l .i-$b 4 $J; ; ; 
: gg _ ., __ 
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Turns for recovery are measured from the time the controls are moved 
-.*‘y*, to* the--t&me -the.spinrotation ceases. Recovery characteristics".of a model 

. . are generally considered satisfactory if.recovery attempted from the cri- 
terion spin inany of the msnners previously described is accomplished 
within 2$,turns. This:value has been selected on the basis of full-scale- 
. 8' 

airplane spin-recovery data that are available for, comparison with corre- 
sionding model test results. : i .' ",+: _: 

hr. spins in which a model has a rate of descentin excess of that 
i9hic.h can readily be obtained in the ,-tunnel, the rate;:of descent is' 
recorded as greater.thanthe velocity-ati'the time the- model hitthe : 
safety net:-for example, >300 feet'per .second,,,,, ":"'full s&ale . In such tests, 
the recoveries are attempted before the,model.:reaches,lits final steeper 

,'attitude and while it is still descendingin the-tunnel. Such results 
are considered.conservative; that is,.recoveries'are generally not as fast 
as when the model is ,in the final s-tee&r 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 frcm the time,the 
controls were moved to the time the model struck the net, as,>3. A >3-tirrn 
recovery,, however, does not necessarily indicate an Improvement over, a 
>7-hrn recovery." A recovery of 10 .or more turns is -indicated by,. m'. 
When,a modelrecovers 'without control movement,(rudder held with‘,the spin), 
the results are recorded as' "no spin.W, 

For spin-recovery par&chute tests, the minimum-size tail parachute. 
required to effect recovery within 21 turns from the criterion spin is 

4 
determined. The parachute is'opened for the recovery .attempts by 
actuating the remote-control mechanism, and the rudder isheld withthe 
spin so that recovery is due to~the'parachute!,action alone.. The parachute 
towline is generally attack%d to.the bottom rear of the,,fuselage. The . . 
.folded spin-re,covery parach,ute is,placed, pn the model @ 'such a position 
that i$does 'not seriousl$?'Ylifluence the establjshed' sp~~.',_,,A,rubber, band, 
holds'(&e packed &rachute':,?to the.model'and w@n released:aUows 'the 
parachute to be blown free,'of the model. On f&l-scale,parachute instal- 
lations,it,'is desirable ,t,o mount the parachute pack within,the air@ane 

: structure, if;p,ossi,ble, and'it is recommendedYthata mechanism be 
'.. employed for pos'itfve ej,e,ctio.n .'of. the parachute.' '. , ,I /(,' .,( 

., ..;I’, ‘. 
.’ ” Y. ,. .,, ,;:, : 

‘:’ ,‘,‘. 1. 
’ 

I 
.*. .,._ . . . ,.. . r-.. .a.. ./ I - .-.,. 

..~.,~;;~:~Precis.ion.~, ‘. ,. 

_” ., ~ . .,~,*.-&.isi-* ,;_ ., ._ . . ,_., ,, ,, 
‘,’ ,F,’ 1  

". Results determined,in frkec~pirini~-tunnel.test$ are believed to be 
true values givenby models within the.following limits: ,._'y . . : ;;.'I"'. ,,,: ,, 

).'(,..‘ : .1 : 

/ I,: ; ,.. '. . . ;.. : ). 
,,'y. .,.; .' 
.I 

"r : _: 
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1. 

.:r:;;$i. 1 .: ;..: : : 1, : : : .; : :I. 1 :..,:,...:, : 1 .: : 1, 1 : : : : ,: ,: : 
+1 

', V, percent . . . . . . . . . . . . . . . . . . . . . . . . . : .,. . 
$ 
- 

0, percent ., . . . . . . . . . . . ." . . . . ., . . . . . . . . . . . +2 
Turns for recovery obtained frommotion;-picture records . . . . . *+c 
Turns, for recovery obtained visually, ;, .,., . . . ; . . . . :. . . . ,, ., 

The preceding limits may be exceeded for .cer$&&ins in-which it 
is difficult to control the'model,in the tunnel,.be,cause of.the Ugh'rate 
'of descent or'because of the wanderingor osci,lIatory,"natue of the spin 

; '),.I .:,A,, y;;' 

The accuracy of measuring th&,we~gnt and.,mass distribution of models 
:is believed to be withinthe following.Umits:; ,*,:;: 

',.. ,> 

Weight, percent . . . . . . . .'. '. . y'. ..;' . . : ;.,. . . . ; . "21. 
Center-of-gravity location> percent E'.. . . . . '.! . .6,. . . . . . tl 
Moments of inertia, percent . . . .' ..'. . . . . . . . . . . ,. . .: &5 

Controls are setwith & accuracy of kl". The rotational rate of 
,the flywheel simulating the :engine was maintained within -!zlO.percent of 
the desired values. ' ", ., ,' .,; 

'. ', 

Variations in Model Mass -Characteristics 

Because it is impracticable to ballast models exactly and because 
of inadvertent 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.: 

: ;, 
,. ;, .‘, ,‘; _’ 

j Weight,, percent .'. ,:I. . . ..' ;:,i:.,'i:.. . 'k ., .' ; . . .'-':; . . .' .' .,, . 0 to 1 high " ‘#3 : i.. 
: .,, I .,,;, ,_ 1 ,' :$q '. ,. 

,Center-of-gravity;location; 'percent $,;;I . . . .$.: . .' . ..,,O ,-to..2 rearward 
:.< , 

..Moments of inertia: ',. '., 
t: 

-IX,,percent;. . . . . . . . .'. ., . t . . 
',, 

.'. ; '. . . . :O,to 5,high 
.: Iy, percent' i . . . ',.'. I' ';. '., ,..T'. . ,. 1. . .(. i :; . . . . . . . 0 to 2 high '/' 

Iz, hercent ; '. ; . . . . . . . . . ..i.'. . . . '. : .', ; . ,. '., r . . . . . 0 to 2 'high' ,, i 3 'Y,:. -, '.,a ' g&-.,. ;,-. I_ . . ..- ..-, . ,. ,., ,. ,., . .+*b 
?i $?.- ,’ ” ,,’ t '.Ccmparison Between Model and' Airplane .Results ,“';' ; ' 
$1 '4 :y ( $-, .' i. 

v .,, 

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 
I 

; i ', .s, 
i ', '., j ,. >' . . 

'. .',. .,_*,. .' -.' 
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'. 

.'l ~,-.A0 .percent ,of .the..ti~,,.,the..,,moael~results were. of value. in predicting '" -.,-* - * ..". 
some of the details of the full-scale'spins, 

..~~~ti~‘8s . . ti6tions ,.in,. the (, 

developed spin and proper recovery techniques. 'The airplanes generally 
‘s&n at an angle of attack closer to 45°~than did the correspcnding 
models. The comps,rison,presented in reference 6 @SO indicated.that 
generally the airplanes spun with the inner wing tilted more downward 
and with 'a greater altitude loss per revolution than 'didtkeccrre- 
spending models, although,tke higher rate of descent.was found to be 
generally associated with,the smaller, angle of:,attack,,,,~reg~dless of., 
whether it was for, the model'or the airplane.,:.,: : , 
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, . /  ~. .  I.,+ . :  ..- . I . .  _.  ._ _,  ” ~. I ,  _,’ ,. 
TABLE I.- DIMENSIONAL CHARACTERISTICS CF THE ,. 

I> i, j 
,' : McipNNEIL F3H4NAJRRLANR '. : v  I, / . . .' '. ..( ,' '. ,( ; .' ', . ,! 

Overall length, ft . . . '; ',,. . . '.? . . .:. . . . .:,,,;:f' . . . . . .' ; . '58.81 
( .I '., , ;:. ')a, ,,'. * r ,, ,, ,". (, .I,- I_: wing: '. :'., 

,Span, ft.., :..,. . . =. . .i'. . . . :. . . .I,:,- . . . . . . ., . ,. '* . . '. ..3j.,, 
Area, Sq ft ; . . . . ‘ej . '. . r 1;. . . . . . !" . ,. ,. . . . ,,0 %* ,a, 

,, 51g 

Root' chord; in. . . . . . . . . . . . . -. . ., : . -Y..,,Y . . '1 ..', . 250 
Tipchordjin. . . . . . . . . . . . . ..I.. .,:. l .0 l l l 

103 
-Incidence, deg . . . . . . . . . . . . . . . . . . . . .,,.,. . 

2. 

Taper ratio . . . . . . . . . . . . . . . . . . . . . . .' . f 
o.4 

Aspect ratio . . . . . . . .s. . . . . . . . . . . ,: . . . . . 
2.4 

Sweepback at 0.25 chord, deg ; . . . . . . . . ., . . . . . ,. .,,:',, c3  
Dihedral, deg . . . . . . ;.. . . T  . . . . . . : . . ., '. -i 

:'Mean  aerodynemic chord, in. . . . . . . . . . . . '. . .,,. . .' -. 186.07. 
. 'Leading edge c' rearward of leading-edge root chord, in.,, T  '.' . 101.5 

: . . 
,, _,. ,. 

Trail ing-edge 'flaps: 
Total area, sqft . . . . . . . . . . . . . . . . . . . .,. . 30.72 
Total span, percent b  . . . . . . . . . . . . . . . . . . . ,. . 25.45 

.' 
'. Aileron: ., 

Total area,-:,rearward of hinge line, sq,ft Y . . . . . . f .' ; 31.30, 
Total span, percent b  ,,.,. . . . . . . . ..;': . . . . . . . . . :y -96 

,:’ 

,... 

‘,,’ 

,, ‘, L,j:: 

:, I 
Horizontal-tail 'surface-'(all-movable): 

.Total area,,,sq ft . .,-. . . . . . . ;,t . . .'. . :. ?  .,.: I', . ;' 82.49.: : 
:‘imp 0 ,, .SP'sZl, ft .' ; . . ,. . ., . .' . . : :., . . '. :. ,. ;., ., . . . . >i,,:;" . . 45,1'oo .,, 

Sweepback at 0.25 chord, deg :;' :. . ;.,. . . ., . . . . . '. b  ., . 
Distance from combat gross-weight loading center;,of 

gravity to intersection of the horizontal-tail ; 
,, 

h inge line, and fuselage center line,, -ft ?  . : . : . . . . . '2j..O4 
, 

., 

~'Vertical~tafl surfaces. ; 
Total area;,'sq ft . . . . ., . . . . . . . . ., .-. . . . . . . . 48.20 
Rudder .???a, I ,,._ _  .,.. " ,rearward of hinge-.line, sq ft . . ; . . . . . . . lli30 -. . ,. ,....,. ^,.. _, ."_, __  _  ; _" 
Sweepback,at 0.25 chord,'deg", ;: . . . . . . ., . i‘. . . . . . 45.00, 
Distance from combat gross-weight ' loadng ,center of 

gravity, to intersection of. rudder hinge line'and the _. . 
,' theoretical tip of the vert%cal, tail, ft . .' . . i . . ?,. : ,29.00' 

. . 
‘. ., 

Tail-damping-power factor . 1: ]:?,.,. . Y . . ; l l l l l l l 0, l 
0 

'i ,. 
,,, 

.' ;:I, " 
.' +l l+bm& ,( .,,,,,, 1  .: 

~, ',. 
L  :” .‘, 

P 

,, 
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; ,FIZ I$- &lASS CHARACTERISTICS AND INERTIA PARAMETERS FOR F  McDOti F3H-2N AIRPti .'-' j' 
. . AND FOR THE LO&DING TESTED ON TRE l /25-&U,WDEL .' 

'1 '[:' Model v&ues converted %d corresponding full&ale ~aiues;.mo~nts of-.,&e&a 
! -are given about the center of gravity.] 
: ; 

-. 

C&d&-of-' Rdative -Moments of inertia, .- 
gravity'. -Yaensit+;- '- 

:~~.:&l~~g Wdght, locdign~ .- ‘:p,at- 
slw-ft2. 1 M&ss p=-te~s . 

,:- : ! : _,~, .: iib -. .: : ~.. : -$l g- 'Sei 
E : level 

20,oooft Ix Iy- '. Ii Ix - Iy : ,~,:Iy:-&:~.; ,' Iz. - Ix ,-., 
. . C 2 .: 2 2 

mb : mb mb 

.- ..' Full-scale airplane values . . 
_. 

Combat gross.weight 26,878 O&g o.pgl, lg.i5 -35.94 .16,5O3 83,084 93,134 -639 : L x 10m4 -.+6'%  10'4 735 x 10s4 

; . -. Model values---, ,' 

Combat ,&.& gross 27,064 -0.30 0.047 19.27 36.16 17,363 ; 841788 95j291 -643. x.10-~ -100 x 10.y4 $43-X ige4 

._ 
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P’; ,TABLR III.- SPIN-RECOVERY TAIL-PARACHUTE DATA OBTAINED 
. . . r&q . . "0.. ' ,s 2 ', :. . . W IITI THR l/65-SCAI& MODEX;OP THE MCDONNELL '; 

'0 . ' I,.. : i. '. ,,: 
l . l <: 

” I. ’ . ..'.. ", ,F5H&N'.AIRPLANE IN lNVE&!ED SPINS ' :' 
,. ;, , J',;, ". 

.I',., Eomd;at-gross-weight.loa~ug (table II); rudder fixed yy 
. . ..,'i ., ; . ', "'.,, f&'with spinarid elevator full down (sti&forward);', ', I '., ': :, 'kcoveries attetipted by:opeuing parachute 0111yj kodel,,, A  ~ 

values converted to corresponding full-scale values; 
.' ,, ', 1 

iuverted spins to pilot!s rightJ 

Parachute Towline Parachute 
diameter, length,' dm3 Ailerons Turti~ for recovery. 

,ft ft coefficient 

12.5 36. .0.63. $- against 1, 1, '2, 1,. 1q 
2. 4: 4, 

., ., 
15.6 30 

_ 
963 $ against 1 1 Y 2' q-, t, t, $' 

15.6 15 .63 'L'against 1 L,l 
.3 ' 2' 

1 1; ,1 Y  2' 2' 

: 1 
“I 

,, 
/,, 

: 

_ ,, ./.. 

‘/ ,. :, 

.: 

15.6 15 -63 Full 
against 

2 1 3' 21 2k + 
'2'I;' 2', 41, 2 : 

; .’ 

15.6 30 ,063 Full ‘1, ” ‘,; ‘:,’ 
against 2 _.I, I-, ._ 

$.7. .63 ,. $against 
‘. 

39 '1 1 l& 
,,4;' 2 2' 4 

'1' 
?O 3Yainst 

,l 1 ,l 1 1 
,:.' ,., T ', p ri;' i;' 6 20.8 . ,b ,. 

.64' 
_L 

. i, “C,l *. ./ 

“.,F 
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CEAW 1-m E~REcTSPII AND RECOWXY CHASAC-=CS OF TEE MXBL 

!S attempted ‘-, kmbat groE.s-Weight load%% (table 11); Landis gear  l?et?XCtedj ?XCOV~~~ 

w full rudder  reversal and aileron movement to full with the ' 

*mm. ad. developed-spin data pfesented for rudder-full-titb 81 
.,'.,. ', .', ,. 

spin ,rrcoveIy attempted 
?inB); right erect spins] 

19 ‘. ,, 

.’ 

‘, 

;\‘..: 
” .: 
,i: , 

$.j:. 

t$; 

i 

‘j. n 

$jj, : 

i 
,ig 

#j fi 

@;I. 

1.G 
; i, 

,, :,;. I ‘. ,,. ,‘ ‘,‘/ ,; .‘. !I:;.” ‘, ,,/ #, : ., ‘, ‘_ .’ .:,.m m.H, :... ,_ .’ :’ ,‘, ./ ,..’ ,. ‘,.. .’ : __ : ‘, 
,,,-,. 
~lH 

‘,’ ‘, 

1-7. 

a!Fwo'conditions possible. 
,,. 

bnodel motion became' oscillatory in rol+d yaw ;, until model rolloil but and dived OF went into 
.cin inverted'spin. .k'i' .Model values 

: '. %oddl. motion became oscillatory,‘ then 'klq'd 
converred to 

.', .out In the direction of the alleron:sp'f~inf3 
'c;rrespondinp 

', .'_ 
into a stqep aileron roll. V', (.' full-shale values. 

;: ‘I: j‘ , : ". 'inner wing UP 
dr, Ngh-veldcity wandering kpin oacilla~~~y in D ihner.ring, down 
', roll, iaw, mid pltqh. I'. J ,:, 

.',,. 

:.%mt lnto'an inverted spin to pllot~s. hrtF ‘. ; ‘f 
/' ;; Wodel mti,olibecaf?Ie o;elllatory, then &de1 dived.mut. 

-&fodel motion became oscillatory, then model 'dived Out 
.invertsd. :, 

: ,i. 
,'_ I 
'. 

_' 
.: 

t 

,. 

. b ,/’ ::, ‘,, , I’ , c.’ ,,, ,,, , 

) ~i%Y; ,], 
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,‘, 
: 

‘1 ‘. 

CSART2.- Z lXVFiRm-SPIN ANDRECOVERYCEAR4CIp( ISTICS OF'JX!SMJDEL 

Mom& grocs-velght loading (t,dDlfs 11); recovery attenpted Dy rapid full rudder 

reversal except as indicated (recovery~attempted from and deveXoped~spin data 
presented for rudder-full-with spin;); model rotation to pilot's righd ,: 

,' ,, .' 

:  
:  

,,. 
‘., 

. . 

.’ ‘,.,, 
b 

‘( 
: 

r 

‘,. 

.controls cross6d 
(Stick left) 

.', ,J 

‘:,, : ‘.( .,’ ” 

4% 

.” .; 
'NO SPIN 

‘,. 
.‘, ’ . . ,,a ‘. ,, 

,’ ,.. .‘,,,i’ 
(, :. 

/ 

aOscillatory spin, 'range or average va1ues'given. " 
bsteap spin. '_ ,,I' 

=Tvo conditiori&'p;ossible. 
;, . . . . : 

.,,;..,,'.,:., 
dnode.1 m&ion became.~oscillatory. then model divhd out. 
eRecovery attempted,by reversing rudder,,from full. 

with to full,agajnst the spin simultaneously 
ljith 'iileron movement from full against: to . ,. 
full with,thc spin. .,, ' 

fRecovery~at$empted by reversi?g rudde++m 
full with to 3 against the spin.' :',;,':',: 

. 
gR&ery &tkmpted by reiarsing rud+,l('+ i!.zll with 

'conver.td to :, '1 
tori-es+ndine;. 
rull-seals values. t?,$ ~af,.st the spin simultnneously with +ileron 

movanent +on: 1 against to z'with thl ,mpfn. 
‘h 

,' u inner, 'wing up 
'3 D inner wing down 

model r.&vqred In a steep &roh roil:,. ', .,' I 
3 : ,.' .' ,", . . 

: :. ,; '. '/, 

: 

. ,. ,,, 
(I s.'... /. II 

',Jr,, "1 
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! i ,.q 'F'igure, l.- tie?-view drawing of"3ie I/25-scak'tiodei 6f the McDonnell 
.,' t c b, F3Hi2N +rp+.ne as tested in'j&e Langley k-PO& fr'ee-spinning,tunnel 

,' with & comparison d&win& of the McDonnkll~F3H-IX. Dimensi@is are 
:..', ., :',+odel vaiu&; . cekker&-gravity,posititin. shown for:;.thk, comb+ gross- 

,weight loading'. ~ /,, -,: . . .' ,,1("1' . . I' .' : 8, 
: " 

.' ., I,,. 
,. 8 ;, .,, 1. ,' L :. ,./ :. 
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INVESTIGATICN 
‘, 

Oi A' i/25-SCALE 
.I ',, 

', ;:, : 

.I&EL $ F McDONNEILF~H-2N, +PIJAN= ,; , .., 
: 

.’ 

‘,,,. 

:. ,, 

:, 

0 

P 

, ., 

. : 

b,’ 

,I ,.. 

‘ 

.- 

&: 

,.,. 

An1 investigation was,,conducted'.in the Langley 20-foot 'free-spinning 
tunnel on,.a11[2j7scale model to determine the spin'and recovery charac- 
teristics of the McDonnell.F3H-2N airplane. Satisfactory recoveries 
from erect o,r inverted spins should be obtained by rudder reversal to 
full against the spin accompanied by simultaneous movement of the.aiier- 
ons to full with the spin. A.l6;7-foot-diameter tail parachute with a 
towline length of 30 feet.and a drag coefficient of 0.73 should be satis- 
factory for emergency recoveries from erect and inverted spins. 
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