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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ANT I SPIN~TAI L-PARACHUT~ INSTALLAT IONS 

By Oscar Seidman and Robert ~. Kamm 

SUMMARY .. ' 

Although antisp~n tail parachutes have been used sUc-, 
cessfully in spin demonstrations for some time, very little 
published informatio~ is available co~cerning the size of 
parachute, 'the bridle-line 1ength~ and the 'type and loca­
tion of pack to use for a particular airplane. The pres-
ent paper is an attempt to supply data relating to these 
factors. The paper is in two parts. The first part re­
views the principles of operation of the antispin parachutes, 
summarizes availabl~ information on,actual installations, 
and discusses parachute loads and pack locat'ions.' The sec­
ond part of the paper reports on systematic tests in the 
NACA l5-foot and 20-foot free-spinni~g tunnels at the .Langley 
Memorial'Aeronautical Laboratory to determine the minimum. 
size and,the optimum"bridle-line lengths ,for antispin tail: 
parachut~s for ~u~re~i mi~itart airplanes •. ·Ii.is .~onclu~ed 
that 'airp'lanes' w.eighing ·~~twee,~ 7 QOO a.nd 14';000 pounds re-. 
quire parachut~s 8 fee~ 'in diameter' and bridle-line lengths 
betwe.en 20 and .50 f,eet. .A p q's:i t i.ve- eJ eC.t i on :m~c_h.ani SI'(l is 
desirable to throw 'the parachute clear .of the .. tail .and to· 
assure r'apid ·opening •. The 'pack a'nd ,attachment "pot'~t ',must" .. b.e 
so lada~ed that the equipment ~ill not toul t~e t~il sUr-
fa:c e's. 

INTRODUC~ION 

Although the use of antispii {ail parachutes is wide­
spi~ad 'and they ha~~ been.succ~ssfully used in effeeti~g 
reeoveIY from uncontrollable spins, 'very little published 
infprmation is available eoncern~ng the requirements for 
p~oper installations. . 

It is the purpose of part I of the pr~sent paper to 
summarize the information t'hat has been. obtained from actual 
experiences with·tail p'~'rabhutes' bo'th in. flight tests and in 
emergency use of the" installations. On the basis of these 
exp eri enee s and on th~ :t>a!3 ~ ~., of, the gen~r'al prine ipl e s of 
operat'ion of tail' par~9hutea.:in' spins, e'~rtain p:reeautions 
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are noted an~hl?j!~~Tc~~~~r:e~?rl[~~Ifdat'T~!~ ar.e offered with. 
regard to reguir.eme.~.ts for lnsta·llations •. 

.s' 

Part. II~gives the results of'a spin-tunnel investiga­
tion made using models' of s~x current military airplanes 
that range in weight from 7500 to·l4.000 pounds. On each 
model, tail parachutes of various sizes were tested with 
several lengths of lines connecting the parachute to the 
airplane. -

The results are analyzed to ,show the"minimum, parachute 
'ai'ze' a~d the ,optimum.,le~gth of line for e:ri.t·ispi~' parachute 
installations. . : 

. ' 

Principles of Operation" 

,,' .... :. 

. 'In a spln, the a'irplane desc~nds .r8:6·idiy·a~d·~t .the 
'sa~e time .rotates·~bout a ~ertical aiis ~i~bthe'result 
tha·t. the flfght pa'th "is' a· hel·ix· of smal'l 'radiU: s a"nd .of 
larg'e .'pitch somewhat as "shown ,in fi'gure '1. The,·r.esul,t'ant. 
v~l.oc i ty . is dir·ec·t eO. ·allllo.st .v,e:rt ica:lly ',downwar.d.~ ...... . 

" .' .. " '. " .. 
~~6~v~ry~is' normarii ob~~in~i'by. r~v~r~ai·o~,·~he· rti~-.· 

der~ ,This. reversal· oppo's~s ,the rotation::artd re'suit's :in .­
st'!3epe~i~g ·of ·the spi~ :~~d, :in:,most"'cas,es~:'" :b~".r~cov~ry .• ·, .. , 
Fa!:., some a"irplanes;" merely .push,ing. tne 'st ick :(o,r.ward .gives : 
sUf.fic font· d i vi.ng ,mo'nie:nt . for ·.·.re·c;o,very;. ,wh'er'ea s f.or· others· .: 
t'he'!e~eva,to'r :i's: i.n'ef-fe'c't'ive·.' .. Th'e aileron positron is also 
fre'ci'u'ent"lY important •. If·, during the spin tests of a new 
~irplanet the controls are .inef£ep~~ve\or if the pilot is 
unabie to move the controls'because of high forces, tho 
tail parachute is opened to bring the airpla~~ out .of ·tho 
spin. . ' ' ' 

. ~., ,': . , 

, ·'rh.e ::,ta1l 'p~ra:chute is' fastened ,'to, the' tail ot' the' .ai;­
plane 'and exert .. s a pr'ea.'omi·nant ly upwar,d pU'll that tends .t 0' . 

nose" ,th":' 'airplan'e down. If the 'para~hute' is large enough. 
·the airplane will.nose down considerably and will stop ( 
rotating; that is, it will .pe· in :a',dive·.·· The parach'l,lte can 
then be released,and 'n6rmal,flig~t 'resumed. . . ,,': 

.' . '. ~. '.' '. . . .. ". ' 
, .' 

The .effectiveriess of the pa,rachute depends primarily 
on its' size, and also· to som'e extent. on ·the length of the 
bridle line (the' li·ne"connecting· the. pa'rachutl:l 'shroud lines 
to the airp lane). . . 

.. 

• 
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Flight 'Tests of Installations 

A 11mit~d ,amoun~ of full-scale research on tail,para­
chutes has been conducted. Reference I describes tests 
rllade with parachutes of various sizes on seve,ral airplanes. 
A pp.rachu t e pack wp. s fa st en~.d on each s,ide of t he rudder 
near the trailing,edge an~ the bridle lines were £ast~ned 
to mounti~gs,placed'at the junction of t~e fin and' ~tabi­
lizer .. Among the results: obtai,:{led for a bip.1ane ,(PT-13) 
w~ighing 2571 pound~ were' the ~ollowing: A 3-foot-di~meter 
parachut~ effected a recovery in 1 turn from a right spin 
even though the controls were held with the ,spin but did 
not effect recovery' from a' left sp1'n. The indications 

'were, however, that a 4-foot-diameter parichute wa~ not 
effective for reco~ery from either'rig~t Dr: left spins. A 
,6-foo.t~dia.meter p'arachute with a 20-foo't bridle line' caused 
immediate recovery. An ·attempt. was ma'de to: spin' the air­
plane with a 5-foot parachute open, b~t the spin could not' 
be. generated beDause the parachute lifted the tail and pre~ 
vented the stall. The length o.f the bridle line,s,for the 
smaller parachutes wa.s .not' specified.·, "rt was recommended, 
however, that this lin~ be made; as "short as po·ssible" ~e-
9aus~ of the bel.i.ef. ~hat th~, +onger the .lin.e is the nearer 
the parachute·wil.l··tend ... to·J'i.de the .spin· axis whe,re 'its 

'yaw effect wiJ,l.be. Io·.s.t •. It.-w·a.s ,also r.e.commen.c;led 'that pro­
. yision be made ·for the:. a"ttachment .oJ·,. th.\3. parachute on;' each 

s ide of the' rudder .. Bpd that th,e: 'sp ins be made toward the 
side. on which the:parachute'is~ installed. ~his arran~ement 
~ill prevent the bridIe line from appl~ing loa~s.to the 

. rudder,opposite,to the pil'ot',s control for recovery., DUr­
ing· pr~liminary tests in ~~v~l flight with the parachute 

" open~ it was' not~d that the parachut~: swung, violently and 
damaged the tra.11ing edge of the ru,dder',. 

Reference 2 describes tests made with an 8-foot-diameter 
parachute with a 50-foot bridle l,ine on the F4E-2 airplane, 
which weighed approximately 3000 pounds.,' The parachute pack 
was installed on a'small horizontal platform' above the fin 
and rudde~. The bridle line'was fastened to, the platform 
'which had bracing struts' running to'the stabilizer'and fuse-

',-lage. The: central 'portion of the platform was cut out because 
experience show~d this to be necessary in order that wind ,from 
below would blow the parachute'£ree when it was unrolled on 
the platfbrm .. A 50-foct bridle line,was used because it 
permitted the parachute to f61low mo~e smbothly both during 
the spin and wheri being towed behind the 'airplane ~n' level 
flight than was po~Sible with a short line. The parachute 
was not n~eded for emergency use but.wa~ opened once' during 
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a spin in order th~t it,s action ~ouid be observed. As a 
result of the action of. the parachute. the airplane pitched 
forward rapidly until the fuselage was nearly vertical and 
increas~d ~reatly its ~ate of rotation., T~e,piiot was sur­
prised at the sudden increase in r6~ation and rel~ased the 
para'chut,e 'immediat~ly and executed a"rapid recovery' from 
the spin,by normal control manipuiation. The pilot and 
ground observers agreed that the airplane was in a l~w-angle­
of~attack dive at the,time the parachute was rel~ased and 

,that the pal.'achute would, have been an effectiye emerge~cy 
deyice. ' , 

" Tests were also made with a 5-foot-diameter'parachute 
in;sta'lled ,on a small platform- above the fin on another bi'-

,plane (XN2Y-l) that weighed approximately 1590 pounds.· 
When' opened in spins. the parac'hut'e' caused a very pronounced 
change in the attitude of the spin but did not produce re-
covery in itself; " 

A 5-foot-diameter ~arachute'was, tested fo~ its effec­
,tiveness on a monoplane (SNJ-a) weighing 5195 pounds. ~he 
p~!achute pack was ,fixyd 't.o a pla.te that ,was attached to 
the,fuselage immedlately aboye the'tail wheel. An 8-foot 

,le~~, of 8/32~inch'extra-fl~xible cable was attached to a 
bracket, secured to the ~~selage throug~ the lift and tie­
down' hole in the s,ide o~ "the fUs'eiage and was connected to 
the bridle line th~ough'a ,f~ir-l~~d at the after end of 
the fuselag~. This' a.r'rapg'emeilt kept" the, line clear of the 
tail surfaces. T~e'~riti~ 11ri~ a~ta.~h~d'to the cable'lead 
was 40 feet lon~,an~-~~de ,of 'four stiands of standard 
shroud- 1 ine. ,Thre'e turh,s 'aft er .the·, parachi?-t e wa s reI ea sed 
the. airplane stop~ed spinning'~nd recoveied with free con­
trols. The pil,ot, reported t'~at he could feel oscillations 
caused by the steady rotatton' of the parachute after the 
air~lane had r~ccivered. The bridle,line broke during the 
dive f.ollowin,g, ,recovery. 

, ' 

'i .3i-f06t-diamete~ parachute was alsO tested on a very 
similar airplane (AT-6A) weighing 4932 pounds\ -Parachute 

'packs we~~"l~~~~ed ~~ both side,s-'~f the ~udder, somewhat 
rearward of the rud~er ~inge '~ine and.slightly above the 
plane of, the horizontal 'tail. The bridle lines wore made 
tif four strands. each of 450 ~ounds strength. They were 
7 feet 2 inches long and were-fastened to fittings on the 
rear spar of the stabiliz~r.· This installation was used 
once as an emergency device after ordinary recovery meas­
ures had pro~ed inefiecti~e~ Aft6r'an'8~turn,spiti to the 

,'right'the pilot open~d the tfght~h~nd p~rachute and the 
spin was imm'ediately stopped. The airplane 'went into a 

.. 

. . . 

., 
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vertical dive from whi~h recov~ry was made.· It wa~ noted 
that the parachute oscillated and the b~idle line repeat­
edly hit against the ru·d·der.· CO'ntradictory results were 
obtained when the'sa~e airpl~ne'~~s later. spun again to 
test the effectiveness of the parachute. After. the· para­
chute was opened. th~ airplane. spun for two more·turns with 
the controls neutral, after which the p{lot ap~lie~ re6ov-
ery measure~and' recoverid.in fro~ 3/4 to'l turn~ The 
pilot 60mmented 'that recovery seemed slightly quicker. and 
the control forces seemed slightly lighter than normal with 
.th~ parachute open,' but that h~ did,not (eel the action of 
. the parachut'e except by its .1mffetin'g of the tail. 

1:3-foot-dlamete~ parachute was tested on a mon~pl~ne 
(P-40E) weighing 8400 pounds. T:):J:e parachute install~tion 
was Ibcated as desc~ib~d in the pieceding paragraph. and 

.. th!3 same type,of. bridle line wa,s used; The' bri~ile line 
Wtis. fastened to· a fitti'ng joining the fin and stabil.lzer 
rear spar~. After th~ parachute .corresponding to the di­
~~ction of spin was opened. the airplane s~un 1 turn with 
free controls. 1 turn with controls neutral, and finally 
recovered in from 1/2 to 1 turn after the-pilot applied 

. recovery measures. The'parachtite did not appear. to ~xpe­
dite recovery very much. It was noted that th .. e p.arachute 
oscill~ted e~ratically and. buffeted the rudder considerably 
during the spin··and recovery. At 'an indicated airspeed 
between 170 and 180 miles per hour .... the bridle line finally 

'broke at a l~ngth corresponding: to the ~osition of the rud-
d~r trailing edge. . 

.. 
A number of installations .have been tested in straight 

flight at the Naval Air Station at Anacostia to ~heck the 
stre,ngth of the towing gear. I.n all cases the 'parachute 
gyrated considerably but. in most cases, .the airplanes were. 
easily controllable and no importance was attached to this 
characteristic. This Naval Air station has recomII!ended 
that the .towline cab.le be. as. long as can be oonveniently 
installed. / 

Emergency Use of· Installations . 

Tail. parachutes h'ave been use·d on several airplanes 
in emergencies •. The c'ase o'f the AT-6A·has already' been 
noted. On one monoplane (XF4U-l) that weighed 9699 pounds 
an 8-foot diame~er ~arachute ~ith a 50-f~ot bridle line was 
used' on two separate occasions .to. aid re'covery" 'The p·ara-. 
'chute was packed in a cylindrical tube that was mounted in 
the tail cone, and a spring \7aS used:to .eje.ct· the par~.chute 
to the rear from the tail. The bridle line was made of 



'5i'~2~i:nch ,extra.'-fle'xibie,'c'able and'was fastened to the 
~rres~ipg hook'atbachment.' The pilot reapplied ~t{ckand 
r~dder"har~ against the spin, a~ soo~ 'as he op~~ed' the para-
9~ute. 'A sl,ight' tug was felt, 'the ta'il 'appea'red to be 
r~(sed slightly, and the rotation s~o~ed momentarily. 'The 
~arachute appeared to move in an arc'greB~er ~han the'spin 
~a~ius. In both cases the airplane re~bvered in a div~ 
aft~r ap~~oxim~tely li ~urns,a~d the, biidl~ lin~ broke dur­
ing,~~~ dive 'following recovery. 

Anoth'er monoplane (F2A-3) ,that weighed 6637 ,pounds had 
a 6-foot-di'ameter parachu'te fastened to a plate on t'he' 
under side of the fuselage rearward of the tail wheel. ' A 

'br'idle line made of ';four strands of standard p,arach'ut;e 
shroud lin~ was fastened dir~ctly to th~ a~resting hook 
attachment. T~e bridl~-line length ~as n6t specified. 
Wheri standard recovery methods' had failed to effect recov­
ery fr,om a spin, the parachute wa's .op.ened. Th~ t'ail' of 
the airplane was taised, ~nd the pilot effected reco.e~~' 
~y normal bont~ol manipulati6n 2 turns ~ater.' 

,A 7-foot-diameter parachute was,installed on a biplane 
(XN3l'J-l) weighing 2725 p·ounds. The parachute was fa'stened 
to the'left side of the fuselage ahead of the full~length 
rud~er and 'b~low the stabilizer. The bridle line ~as:20 
feet long and 'ilas made of 600-pound' shroud 'line. It was 
fastened:to the tie-down fitting that was located on the 
bottom of the fuselage rearward of the tail whe'el. ,In ,an 
emergency the pi"lot was able, ,by opening ,the parachute.- to 
regain,~o~trol of the airplane and to maneuver out of the 
sp in' iIi ,2~ turns. ' ' .' , ' , 

• 
" Two 4-foot-diameter parachutes"were installed" one' on 

. "the right and one ,on the left' side of the vertical: fih", on 
'. 'a monop lane (P-40E), Vl~ ighi~g 7730' 'p ouilds. ·,The::parachti. t e 

pa~ks'~ere,moririted"~b6~t l:fooi 'a.boi~ the:~la.ne~ot' thd' hor­
izontal tail, ':'anc1' th'e"b'ridle'" i iiles ~ ; v/hlch 'we'r~:' 7;-.'2, feet 
long, were fastened to the airplane at the stabilizer­
fuselage junct ~on., -Aft er ~i. ~ur~s in a flat, erect sp in, 
the airplane sudd~nlt whi~ped ,into an inverted spin that 
p,er,siste9- for 4:~ turns. The,pilot effected recovery by 
opening the' l'ef't par'a"c'hu t e. ", No's, orupt, jerk' or high accel­
eration' wa's'observ~d 'when the pa'ra~hute op~ned • 

. :' .. ,', .,": It' is' understood that antis'pi'n··parachutes have ,been 
. successfully us~d' in emeri~ncie~ in beve~a~ other ,instances 

;' liut' informat'ion concerning 'their size and', ins'tallatio.n 'is 
not available a.t, thi's' time".' 

,.' .. 
" ; ~. : 

.,' '. 



\ 

• 

• 

Discussion 

'Unfortunstely the,full~scaleresults Bre not suffi­
ciently complete· to form the basis for specific rules re­
g'arding the requir,ed 'parachute diamet er or' opt imum bridle­
line length. Table I· summarizes the results obtained for 
the various ,installations. ' "' 

Certain' inferences can be made. ,It appears'that the 
6-, 7-, and 8:"f~ot parachutes, were'quite effec'tive ,on the 
air~lanes on which they were tested; but,'that ~arachutes 
less tha~ 5 feet in diameter wire often ineffective. 
-Bridle-line lengths on satisfactory installations included 
value s, of 20, 40, 'and 50 fe et·.' Corr ela t i on bet ween the 
weight of the ~irplane and the si~e of th~ effective para­
chute is not apparent. The need for systematic research 
is evident. 

Practical Aspects of Parachute Installation 

'In order for the parachute to be effectiye it must' 
open immedia~ely, cle~r the airplane, without fouling the 
control surfaces, exert B, 'strong 'Pul1 on the tail wH,hout 
breaking either the tailor the bridle line, and be releas­
able when the airp~a~e ,has recovered irom th~ spin. The 
bridle line, should be fastened as far rearward as practi­
cable'and should not foul the control surfaces. 

Past experiences have indicated certain precautions 
to be observed'in making the installations. ,Reference 1 
states, for example, "Parachute, locations ahead, of the, " 
fin, below the fuselage, or under the tail sUrface's are 
uns~fe becaUs~ of the"pods1biliti of {ouling!1I ' R~f~rence 
2 mentiol'ls that the, alternative, of,',having,'the pilot throw 
the ptira6h~te ~ut ,from'the"cockpit :1s,bad,as,the ,parachute 
may foul the ,rudder- or fallon' top' of>the ,staql1lzer. 

',. " . 

Figu~e 2 shows possible, (g~bd '~nd bad) 'locati~ns for 
the par.s.chute pack designated: by the numb,era l,'to 10. A 
parachute mounted on top of the stabilizer or on the lower 
part of the fin (locat,ions 1 and 2) ,wou'ld not blow off 
when the parachute pack ib o~ened',because the air on top 
of the stabilizer is sta~nant.(ref~reriee 3). As a guid~' 
in determining. the part of' the verticai'tail blanketed by 
the horizontal surfaces, it can'be assumed that the'rela­
tive wind strikes the horiz6ntal:tail surfaces from below 
and that the air flow diverges after passing tail plane, 
somewhat as shown by the ~imits LL' in figure 2. A 
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parachute pack installed on'the vertical tail between 
these 1 imi t s probably would not be e7.po sed to the a,ir 
stream. Use of a positive-eject'ioh<system t6 throw the 
parachute clear of the ai'rplarie' is' de,sirable,for cases' 
VI her e the par Ii c hu t epa c ~ i ~ not e'xp 0 sed, ' tot h e 9- irs t '~.~ am • . . 

.~ ~. . '. 

For airplan~a that have p~rtial-len~thrudder'sl that 
i~, fixed fuselage below the rudder, the parachute should 
b~ installed in the tail cone (location 3) with an eject­
ing device, and 'the ,bridle' line should b'e attached to a 
fitting on'the' tail cone. For airplanes that have full­
length rudders, it 'ap'pears that the'most desirab1e location 
for the parach~te pack would be at' the ,top of the 1in (loca­
tion 4) with the bridle line fastene'd near the to'p of the 
fi~, but this ~rrangement may present structural ~ifficul­
~i~s. For this installation, t~e para~hut~ pack can be ' 
mounted on a platform that has a cut~out, in order'that, 
the ,air from below can blow the pack free. The top of the 
fin could be externally braced to support the parachute 
load or, as' &~ alter~at~ve, th~ bridle line could be fas­
tened to the fuselage near the base of the ,fin. A para­
chu~e location'such as lodatioti 5 ~ith spiing'ejection 
rearward 60ul~be used urovided ~ ,f~ir-lead carries the 
bridle li~e 61ear of th~ lower rudder. ' 

Parachute pack~ ha~~ been mounted on the'rear portion 
of the rudder (loc'ation 6) ,with .bridle lines fastened at 
the fin-fu~el~ge juncture., ,This ar~angement requi~es du­
plicate installations, one on the right side to be used in 
~ight spins and one on'the left ~ide for left s~ins, If 
the wrong parachute is opened it will ,probably hold the 
rudder with the spin and retard re6overy. 

A locatio~ subh as 7, with positive' upward ejection 
TIould probably be satisfactory,' 'Lbcat,ions such as 1, 8, 
9, and-'lO' are quest'ionabie because, of the p,oss'ibi~ity 
either of fouling or of failure'of the 'parachute to open 
as a resul~ ,of blanketing of air flow. Small weights, a 
"rat-trap'''' ,sprin'g, or coil springs in ·the pack have' been 
suggest~d as '8,' means' o'f facilitatin'g positive ejection. 

, 

For Navy airplanes'the bridle line ·can frequently be 
fastened to' the arres't,ing hook 'a,"t'tachment. On one Navy 
airplane (F3F-2) the parachut e-pack mount ing wa's on a rod • 
that replaced the arresting no'ok and by n'ormal uS,e 'of the 
arresting-hook mechanism the pack could be moved rear~ard 
t'o 'clear the' airplane before the pElrachut's was opened.' 
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For inverted spins, locatiQris such as 3 or 5 with 
positive ~j,ection should pro~e'~8tisfactory. 

9 

,,:The steady load in the bridle line can be estimated 
from the approximate formuia for' circular ,parachutes 
given ,~n refetehce 1 

39i X 1.6 
where 

L load on parachut~, pounds 

D dtameter of parachute s~read fl~t, feet 

V indicated,ai~speed, miles per hour 

From this formula it is apparent that the effective 
drag coefficient based on flat area was 1~02. It shoul~ 
be appreciated that the drag coefficient may vary somewhat 
with the, type of silk used. ' In estimating the required 
bridle-line ~tren~th, some allow~nce' should b~ made for 
inert ia loads ass oc,ia ted with the mas s .of the parachut e 
and attachments and. the additional mass of air, and for 
the fact that the velocity t~wird, the end of the recovery 

'will be highet than the initi~l v~locityin the ~pin. 

Th~ ~ech~nis~ to c~t th~ p~~adhute loo~e from, the 
airpl~ne, that is, the release pin equi-pment ,must be 
operable from the cockpit under load but the handle should 

,be so located that it will not be operated inadvertently. 
In ~everal ~nstances this mechanism has opeiated concur­
rently with the mechanism to open the p~rachute, and the 
parachute has floated aw~y without affecting the spin. 

Before a spin recovery is attempted, ,the entire system 
should be iested thoroughly on the ground with loads act­
ing and in level fl ight at the max~mum speed at ,which the 
airplane is expected to spin. 

I I. SF I N-: TUNNE L T,E ST S 

~pparatus 

The spin-testing technique used in the NACA free­
spinning tunnels and the construction of spin models are 
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'described in detail in reference 4. Briefly, the ~odels, 
constructed of balsa, are ballasted for dynamic similarity 
to the: corresponding airplane by the install~tion 6f proper 
weights at ,suitable locations. A magnet'ic remote-control 
mechanism is 'installed in the models 'to, actuate the controls 
for recovery. The models are launched by' hand in a spin­
ningattitu'de into the vertical'air, stream of the 'tunnel' 
with the rudder set for the spin. The ai'rspeea,' i,'s adjus,ted 
to equal the normal rate of descent of the model. Recovery 
was attempted in the present t~sts by merely opening the 
parachute. The rudder was kept with the spin during recov­
ery attempts in order that the effect of the various size 
parachutes could be more easily evaluated. The ailerons 
rJerekept neutral and, tests were r'un with the elevator full 
un, neutral, and down. ,Para'chutes of three different sizes 
w'eregenerally tested on each model, and tdsts were usually 
run with bridle lines ,of four different lengths on each 
parachute. Models of six airplanes representing current 
military types were tested. The airplanes are described 
briefly in table' II. 

'The model pa~achutes ,used,were made of pa~achute silk. 
They were circular and when spread on a flat surface ~ormed 
a disk. The nominal diameters, that is, the diameters when 
the parachutes were spre~d flat, were 3, 4.2" and 5.3 inches. 
corresponding to 5, 7, and,S.B feet for 1/20-scale models. 
Circular vent openings were cut in the center of ~he par~­
chutes and wer~ made one-twelfth the full diameter.' Eight 
shrotid lines of equal length were evenly spacie~ on th~ pe­
ripher~ of the parachute, and their length was' 1.35' times 
the diameter of the'p'arachute. The,'bridle,,'lines were 7,13, 
26;, and 49 inches long' correspond:ing ,to .1'.1.'.8" 21.8,'43';5',: 
and 81.8 feet for 1/20~scale'm6dels •. The·drag ,coefficient 
of the parachute s via's found" 'by ,m'ea'sur ement in the tunnel 
at various airspeeds, to have an ·:a,'verag.e 'value based,'on, , 
flat area' of. 0~73.· 

The parachutes were positively ejected rearward from 
'a tube' on the 's'ide ,o'f' the' fU's'elage,' be,low the h'orizontal 
tail,pllin-e., '(See fig. 3.)' The pa'ck -'installation shown was 
conv eni ent for th'Ef model but is no t· can sider ed sui ta ble for 
an airplane. The point of attachment of the bridle line to 
the'model was as far'rearward on the fUselage as was practi­
cal. Typical locations for' a model with a partial-length 
and with a full-length'rud'd'er are, shovrn in figures 4 and 5, 
respectively. It is believed that the location shown for 
the- full-length rudder (fig~ 5) would not be practicable 
for flight be'cause the bridle line might foul the tail 
surfaces. As all control~ were securely fastened in place 

.. 

.. 
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for the cu~re~t investigation of '~arachute-size ,require­
ments. this fouling'was cons'idered unimpo,rtant. 

" Results and ~recision 

The results of the investigation are summarized in 
table III and figures 6 to 9. The steady-spin parameters 
presented in table III describe the char~cteristics ,of the 
spin just prior to the release of the'parachute. 

The symbol s used are: ' 

a acute angle, between thrust axis and, vertical (approx­
imately equal to angle of attack). degrees 

¢ angle bet~een lateral. that is. span ixi~ and 
horizontal, degrees' 

V full~scaie trus rate of descent, fee~ per second 

o full-scale ang~la~' velocity about spin, that is, 
vertical axis. radians per second 

All data a~e, for right spins • 

All the models had been previously teste'd 'and repaired 
ext~nsiv~ly and in some,'respects th~ dimension~ exceeded 
the, normal constructional tolerances. Inasmu"ch as increases 
,in weight resulted in the cOUrse of early ~ep~~~s, the 

'actual c;nditions tested ~ere somewhat diffe~erit"from the 
normal loadings ~f the airplanes presented iri tible II. . . . . . : 

The '.t'eS't tes:u;lts ,pr~sen:ted in table III 'are' believed 
to be the t'r:ue values "given by the :mo'de'-l: 'Y:1,:th:in ~he' f'ol'low­
ing limits: 

tt, degrees 
~'. ±l . • • . 

" 
. . . · • . · · • 

¢. ' . 
±'l degrees " • . . 

" 
. ! . . . • · . · . · · · · V, percent ' , ±2 . . . · · , . · · · · • 

O. percent " ±2 . • • · ~ · . · · • · . 
As elevator-up settings sometimes led to spins that 

were wandering or osc~llatory or, ~ad high rates of descent, 
fewer ,data were obtained f~r'the s~in~ with the elevator 
up than' for the spins with the ele~ator_'n~utral or do'wn. 

The variation of turns for recoverY with parachute 
diameter for elevator down,neutral, and ~pis presented in 
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figures 6, 7, and 8, respectively, and the variation of' 
turns for recovery with bridle-~ine length is presented 
in figure 9. The turns for r.ecovery are believed to be 
the t rue value s ' given by .. the model wi thin ±1/4 tUr,n. . ., .' , . 

D i scu s's i on 

It c~n' be' seen:fr'om figure:s'~'I':'7:i and 8 tha.t for'all 
models and for all elevator settings the t~rn~ for recovery 
decreased' as the parachute',diameter 1ricreased. 'In general, 
larg~r,parachut~s ,were required to' etfect t~coveri trom 
spins with the' elevator up,than fr6~ ~pins with the elevator 
neutral ,or down. , ,Iri"the figures t'he parachute diameters are 
plotted'on two separate scales. The ~ower scale gives th~ 
diameter obtained by dividing :th~ model-parachute diameter 
by the scale of the airplane model. As mentioned previously, 
the value of the dTag coefficient ~f ~the 'model p~rachutes 
used ;in the cur.ren't 'investigat'ion' wa:s found to be 0.73 and, 
from the formula given in' reference, 1, it appears that the 
full-sc~le' parachutes will have a drag coefficient based on 
flat ~rea of 1.02. The uppeF scale ~n the 'figures'gives the 
corrected full-scale diameters obtained taking ~ccount of 
this difference in drag coefficients. In the foliowing dis-' 
cussion and in figures 10 to 12 the diameters referred to 
are. the corrected diameters. 

Th~ results indicate that a parachute wit~ ~ n6minal 
diam~ter of,at least 8 fee~ ban be reli~d up~n t6 eff~ct 
recovery from a ~pin but that a 6-foot parachute is frequent­
~y inadequate. Spins with elevat'or up require larger ,para­
chutes t:han,spins, with e,levator' dow·n'. Results (,unp,ublished) 
of. brief tests conducted in,the'spin tunnel in'1906 of a 
model of a modified P-30 airplane- with tail 'p~rachutes, in­
,stalled were,in general agre~m~nt with,the finding~ ~~ the 
present -investigation. ' : .,' "":' . "., , 

, ,The result,s ,of,;the:'tests ·made to 'det'ermiri~ th~ effect 
of br idl e-l ;'ne ',:1 eng t h upon 'ree over.y" ar e' 'p'r e s art tad 'i'~ f,i'g­
'ure 9: ' With one exception, it appears that a "f'ul;l.·-'~'cal'e 
bridle-lin~ length of from 20 to 50 feet is the most, effec­

. t"ive. :Bo'th ).onger ,or. shorter bridle ,lines 'seem 'to' have an 
"a d v, e r' s ~ ~ f f. e. c. t • ..' 

• • • " ~ • 'I ,. • ' • 

" ,'As a ~at,t er of, i.nt.er,es,t ,. 'a f.eJ!! s,peei·al· t·ests: werde, made 
'with: the bridle lines attached at· the cent'er of gra,vity of 
the model and also ,halfway between th~"6ent~~~o~ ~ravity 
and the tail, ,of the, wodel. It was found ,that' a 'fa:irl'y 'large 
parachute (nominal diam. of'7.5 ft) wit~ bridl~:~ines ei­
ther ,2]..8 or 43.3 feet long was en'tirely i-neff"ective' in pro­
ducin~ recovery from spins. 

.. 
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A s"tudyof th'e motion-picture records of the'tunnel 
.tests has indic~ted' several intere~ting charadteristics of 

. the mot ion Cif the parachute s,' Some of the phot ogra"9hs are 
reproduced as 'figur'as 10 ,to 12', ' In these figures the' bri­
dl~ lines have been ac6entua~~d for clarity, 

With recommended full~scale bridle lines from 20 to 
50 feet long, the parach~t~s~tend,to ride almost vertically 
over the tail of the airplane, although they may oscillate 
and be indlined either toward or away from the spin axis. 
Tl1e'y alsO "usually incline .away from ,the ,plane','of, sym'metry 
toward the ,inner wing and contribute an appreciable a,nt'i": 
spin yawing moment. The parachute~ usually have approx{-

,mately the sa~e rate of ,rotation 'as' the 'model. 

With a bridle line less than 20 feet in length, the 
parachute usually inclines away from the spin axis and 
away from the plane of symmetr~ toward. the inner wing but 
fr~quently tend~ to remain alined with the fuselage axis 
and does not contribute much'pitching or yawing moment. 
(See fig. 10, frames 21 and 33.) 

With a bridle line longer than 50 feet, the parachute 
inva~iably inclines toward ,the spin axis. 

During the course of the previously mentioned tests 
conducted in 1936, the shroud lines of the parachute were 
fastened directly to tha tail of tho model; that is, no 
bridle line 'was used. It· \Vas noted that the parachute 
merely fluttered in the wake without opening properly. 

As a matter of intere~t, the estimated pitching 'and 
yawing moruents contributed by the parachute were ,compared 
with corresponding:moments contributed by elevato~ and' 
rudder reversal, respectively. The moments resulting from 
elevator and rudder reversal Vlere computed using average' 
momerit-coefficient values obtained fro~ balrince tests on 
'other models'. For ca.ses in: which the parachutes w'ere ef­
fective the estimated initial pitching moment du~ to the 
parachute was smaller than t~e increment to be expected 
from moving the elevator from 'full up to full dorm; whereas 
for many cases the estimat~d initial yawing moment due to 
the parachute as a result of the'mean latera~inclination 
of the bridle line was of the same order of magnitude or 
greater ,t'han the increment t'hat ',would 'be exnected for re­
versal of the'rudder. This 'result sugge'sts~that the effec ... 
tiveness of the parachutes results more' from the yawing 
than from the pitching moments produced. 
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The results obtained in the current investigation are 
,for small-scale modals and shoul~ be che6ked by a flight 
inve~tig~tion.lt is to be noted that the results are'not 
,inconsistent with_the l-imited flight data d~scribed in 
~art I of the pres~nt paper. -' , ' 

, CONCLUSIONS 

The results of the modal t~sts may b.·su~marized a~ 

follows: 

1. The nominal ~arachute diameter recom~ended for 
airplanes weighing from 7500 pounds to 14.000 pounds is 
8 feet. 

2. -:Bridle lines of fr'om -20, to ,50 feet iri length .are 
roost-effective and should t'be fastened as far rear:vrard a's 
practi~able. 

Langiey Memorial Aeionautical Laboratory, 
,National Advisory Committee for .AerC?naut-ics, 

Langley Field, Va. 
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Airplane I Weight 

PT-:13 ' 
-Do 
Do 

li'4B-2 
nm-l 
SNJ-3 

AT-6A 

P-40E 
XF4U-l 

F2A-3 

XN3N-l 

P-40E 

(lb) 

2571 -
-do-
-do-
3000 
1500 
5195 

4932 

8400 
9699 

6637 

2 rl25 _ 

7730 

.. 

- e.g. 
(percent 

M.A.C. ) 

26 

27 

25 

29 

TABLE I 

EFFECTIVEl8SS OF VARIOUS TAIL-PARAClfJTE nrSTALLATIOlIS 

Parachute 
diameter 

(ft) 

3 
4 
6 
8 
5 
5 

3.5 

3 
8 

6 

7 

4, 

J3rfdle-line 
length 

(ft) 

20 
50 

40 

7..2 

7.2 
50 

20 

-7.-2 

J3ridle-line 
construction 

----,---.:.-------

----------_ ... _--
Four-strands 
of standard 
shroud line 
Four strands, 
e'ach of 450 
poun~' strength ,:. 
------do------
5/32--inch extra 
flexible cable 
Four -stra.nds 
of standard 
shroud line 
600-pound 
shroud line 

-"":"..!.- .... ----------- : 

Effectiveness or arachute 

Ef~ect- Ine~fect-IQuestion-
~ve ~ve able 

-/ 
V/ 

'/' 

v' 
\/" 

-/ 

a 
V 

/ 
\/ 

y 

v 
/ 

a' 
Parachute effective when airplane was in inverted spin. 

-I-' 
C11 
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TABLE II.~ CO~~ARISON'OF FULL-SCALE DESIGN 
) ,', , 

CHARACTERISTICS OF MODELS TESTED 

---~~---- ------ ~------~ ---- -------- ------ ~-------
t. ' ... 

> • Grossi" c.i.,,"'·· >Wing 'IX,'" :.Iy I Z 
Air?lane weight (percent Span loading, (slug- (~lug-
~ _____ ~_~ _I~~~~ _~~~~£~~ (ft) __ !L~ ___ _ !~~~_ '_!~~~~ 

( slug-
, ft[') 

~~ ~ :i> 

'_XT'BU-l 13,216 25.2 57.2' 
',::XT BF-l 13,975 ' 25~2 ,54.2 

XF4U-l.,: 9, '500 26.2 41.0 
"XP';;47B.'· 11,860 , 25.9 40.8 

SBD-1 .7,615 26.7 41.5 
, XP-60 : 41.4 

30.1 12,543 
27.0 11,800 
30.2 9,166 

' 39.6 13,867 
23.5 4,800 
33.3 8,900 ' 

23,969 
23,600 

8,615 
13,047 

8,700 
9,200 

34,911 
33,600 
16,730 
25,841 
12,500 
17,200 

---------
'9,2701 26.8 
------ -------- ---- -------- ------ ------

-'., ---------
: 

Airp lalle 

---------
XTBU-l 

Do--
Do--

XTBF-l 
Do--
Do--

XF4U,'"7 1 
Do--
Do--

xp- .,f7B ' 
Do":-
Do~-

SBD-:~ 
DO--
Do-,-

xp-ti6 
Do':- , 

.. ' 
Do~-

------., .... --

" ' ·TABLlll III. - STEADY -SPIN CHARACTER I ST I C S . . , 
----------------------------- ------ .-----

" .. 
Control (deg) .. setting ¢ t a) .' ' a. 

-Arrerons- -Rudder,-Nrevator- (deg) (deg) 
Right Left : ,J .. £L_ ----- ---- -.,.----- ---------- ------

N N W U 
N N Vi N 21 3u 
N 11 W D 27 5u 
N " N W U 

: 
N N Vi N 26 ,4u 
N N W D 32 4u 
Iii N Vi U 24 7d· 
l'J N, W N' 42 1d" 
N lIT ' W D 49 ld 
N N W U 41 ,2d 
N N W N 39 3d 
l'J N VI" D 38 4d 
-:a lIT W U ,..-
N lIT Vi N '64 0 

"'l~" N. Vi D 64 0' 
liT N \1 U 36 '2d 
N l'r W N 38 o· 
N N . VI D 34 lu.: 

----- ------ --------- --,-- -----

v (2 

(
:i: ' )(r.~~i:,~£.§.) 

p S \ sec 

247, 
229 

203 
198 
239 
1'93 

I 185 
, . 226. 
: :,' 214, 

207, 

126 
126 
239 
226 
222 

3.5 
. 3.4 

3.7 
3.5 

,3.3 
3.3 

.3.4 
,2.7 
':3 2 
, ' . 
'3.4 

3.3 
3.1 
2.3 
3.1 
3.3 

aNeutra1 is'designated', Ni witA, Wi, up;', ,Vi, :down, D. 

bIn de scr i bing ¢,' u means inner wing up; d,' inner wing down. 

, " 
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NACA Fig. 3 

Figure 3.- Parachute-pack installation used in model tests. 
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IN TOF ATTACH MENT 

iflG,URf 4.- TYPICAL POINT Of ATTACHMENT OF BRIDLE 

LIN E ON MODELS WITH PARTIAl:LENGTH RUDDER5. 
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NACA Fig. 10 
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Figure 10.- Model tests of a 4 .2-foot parachute with a 11.7-foot bridle 
• _ line on the SBD-l airplane. Initial full-scale steady-spin 

characteristics: ~, 640 ; ¢, 0°; V, 126 feet per second; 0, 3.1 radians 
p'er second; radius of spin, 1.6 feet. Control settings throughout: 
rudder full with the spin , elevator down, ailerons neutral. 
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NACA Fig. 11 
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Figure 11.- Model tests of a 4.2-foot parachute with a 43.3-
foot bridle line on the XP-60 airplane . Initial 

full-scale steady-spin characteristics: cr, 380, ¢, 00 ; V, 226 
• feet per second; 0, 3.1 radians per second; radius of spin, 

4.3 feet . Control settings throughout: r udder full with the 
spin, elevator neutral, ailerons neutral. 
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Figure 12.- Model tests of a 7.5-foot parachute with a 43.3-
foot bridle line on the XP-60 airplane. Initial 

full-scale steady-spin characteristics. a,3So , ¢, 00 ; V, 226 
feet per second, 0, 3.1 radians per second; radius of spin, 
4.3 feet. Control settings throughout; rudder full with the 
spin, elevator neutral, ailerons neutral. 
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