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SPIN T'ST C? A 1/2CSAL TOr	 TF	 BELL P-9F 

AL1FL 

By A. I.1TJ	 and J.	 . YLINAR 

I TR( EUCTIOi 

In acord:ce ;'.th the neqtes. of the materiel DIvision, 

Ariy Air	 2orp, as contained their ie;tcr to the NACA, 

thted ugst 11, l94:L,	 tcts ere	 :)Urfor!1sd to determine the 

spin charicteris of b 1/-zco	 rnc].	 ot	 the Bell XP-9E 

a1.r?1ne T:e	 effect 's cV control di soo:dtions were investi 

an;] brief tf sts wcr 'nude wi;h the rass dstrIbution 

arc' cPntc of-raritj I cc.tin varied o1c?rtOlr, 	 The 

effect of inti11tng an e,:t.rnai 6I1-potuid deoltion bomb 

ws deterIne.d, as was also he effect oi nodifyn the 

ti.	 Toe rsuits f tic, Thveti atIor are presented in 

is repct.

P.FPM'TUS rD TO-1)L 

The zc-8t3 w3re oerforined in the NAC1 new 20fDot free -

spinning i'rict tun-c1 the cperation of wt-itch is,	 in general 

.1rnilr t that f the cic. l5fot ';unnel	 as described In

reference 

0



1/20-c;.le r;cdei was £ur:,ished :y the Miateriel 

nd was built f'rorn 'ell drawin;s 25-94--017) 

294-01, 2-95-019, 2-943-020, 2-3-021, 2-93-022, 

ano. 23-943-024.	 The d1iension of tbo riodel were rot checked 

by the NACA, but were assuied to be in ioccrd.nce v.th the 

drawings.	 The wet, moments cf lnerta, and center-0f-




gravity location used in ballasting the r.ociel wore obtained 

from Bell Report No. 2 3-912 -003, a ld th€ length and location 

oj (the mean aerodyriar1c chord were obte ned from Bell Foport 

No. 23-942-001. 

A rcmote-control mechanism was installed in the model 

by the NACA to actuate the controls for lrcccvery tsts 

Lead ballast was placed at suitable locitions in order to 

bring the weIght, moments of inertia, aud center-of-gravity 

position to the oesrea values, 	 The --odel was equipped 

wtL trIcycle indr	 car whch wa. independently ballasted 


so that the proper chanF,e5 in mass distribution would result 

whcn the wheels were extended. 	 Tho cde1 was also equioec1


w th sr)] t tra1lin-ed.e Map s viY:ch were deflected for the 

landing ccnd. ti on. 

The current airlar.e dffored dimensionally fran 

pr.vious airp1aes of the P.39 series i.inly in that rhe 

-i.rs and tail surfaccn of the F-39E a'plane had square 

..s in plan forrL	 Fuel tanks, uns	 nd aunItIon were 
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or )06pc'und ui rio iitio bombcu1 oe oarri*d 

xerna1ly under the fuse1agc 

Photographs of the model are shown in figure 1 

Figure 2 shows the model as tested with a modified tail 

arranrernent.

T3T C0NDITICNS 

The normal loading condition corresponded to the 

following mass distribution of the full-scale airplane 

with the lending ear retracted: 

Weight	 .	 .. .	 8984 pounds 

6361 slugfeet2 

7357 slug-feet2 

...............12,901 slug-feet2 

where 

x/c is the ratio ci' the distance of the centcr of gravity alt 

of the leadin g edge of the Tiean aercdynaric chord to the 

mean aerodynamic chor' 

z/c is the ratio of the distance of the center of gravity 

below the thrust :.1ne to the moan aerodynamic chord 

1 x 1y and I are the moments of inertia ahot;t the body



000I988 1u per cubic foot ). 

Th r eiht AC ai, ss ci striiutiofl ci' the r ode were hGld 

to th€ true c1ec1-dwn vei	 itLn	 fo11ow'nE 1 irits: 

41 )i ICrit 

rcrt .;G 

wc'r'ieri;	 (r	 '	 c: to L. pt rcet 

,	 '	 ;ree:t: I 'v; to B prcort high 

i rterti	 ieet I t 1w to	 : rent hth 

1- model was orgin L1	 ILSt,€U SO ij t the mass c 1 tartc-

tc'.t1c	 •:

2L;r'c	 )I 

T1'e 1c'L I c . vi 1n	 rr	 . ..r r ct.	 icerenti v.'-re 

Oi)t,f1 nod from 13311 ar	 r	 io.	 .; 16-iO1. 

ruuder 411 250 

Jevitcr	 25° up 15 0 du wn 

i1r'on	 25° up, 100 (i;n 

50 

3rIef t, 	 tr'2lite the ei'fe ct of 

v::led 'rornents ci :ria Rnct certer-cf-:r.v1ty Iccation upon 

I 	 -	 -	
-	 ¶_.lJJIiIJ
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incria L/ and 1,-i, and for rcdistributifl3 ei'ht.s cionct the 

fuo1e (chaoing tho mo:nts of Irorti&. 	 and 1z or 

chnsjin th cen t e r-of-ravity iooat.ion) 

The "suits of the	 .'	 r	 r'ntea j 

charts i, 2, end ,	 The coa1y-s	 pr'ar tors 'ntd 

in the	 c3tr(rieo by U'	 t;hod desrbed in 

reference 1, and have ber corivrrted to non es'onding Cui1 

sce v1 ies	 Tsta were rrede for bot} right and left 

st, :ns, and, as the resi1 tE were found to be In agreements 

C" attack	 The r:i 0 is	 1	 tweeri the 

stn axis and the hon i z or; t! , and 	 ccrr;Jcerd ')CStiVtt 

'hori th r ght wtn[	 c1'w n,.	 The .le f	 d coup 1 

arc1lLt el y equal to	 minus the heix an10 (the anc,le 

betwn the C1	 it	 ih artd the vnVtiC.L),	 Inward side-

 coni rir€:	 si;i'.re in u riht sin.	 For rccrded 

Ins, the IC-31.x ani was	 i'ocirri te1y 20 for th 

f.tins	 for the steep os	 V, the rate of 

& T ,.cent is iiv nir:' -t p r second, aid	 , th: rate of



sinn1nc- rcde1 ma'r; from the time tne controls are 

VeU unt.l the spirr&.n rotation ceases. 

P CISION 

Sin-tunnel rosul t; r' helieveo to be tbc true 

v1ue	 ivon by the niodel wth±n the follov!ng limits: 

V	 .	 ,	 , ,	 +2Dercer]t 

0	 .	 +2 )€rcent 

:!: 5 0 

0	 ±10 

Turns for recovEry	 e	 4 turn 

The Droccdirig 11mt may b  o 3eeded for certain 

F	 1..	 I 

spin, or to	 vrry hirh rit'' cf oescc;.t.	 Sire, in many 

lrLst&nce.s, th nbcr	 t' turns for 'oeov ;ry was est1rrted


from \'I5fli co*3erv 11- (m rt1er than fron ?Lotogra?hic data 

1 1.y ma de use C, the li.riits of accuracy for the number 

:urns  for r 'v'rj wore raisod fcMr t1;(. customary + 

turn to	 1 turn 

Corarion botwcn niodei q zid .riane results 

(refrence3 1 &rci 2) indicates thai because of scale and 

tnr:el effotE.,	 e1 of ueta.l in the model, sno d!tcrence 

•	 -	 Ing, 
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le of tte . k, a soiwhat hlcr rate 1 eeeert, 

Iron, 50 to 100 more outward sidesilo at a given ongle	or 

attack,	 The comjarion iiade in r'cforrice 2 showed that 

80 percert of the odel rec .-vcrier, predicted satisfactcrily 

t1e ccr:-espOrluiflC fu l l-scale recoveries, and t]-at 10 percent 

urderestimated tind 10 percent ovcret1niaed the ful1sco1e 

r(.coverie S

L)ISCUS SI ON 

Preliminary tests' revealed that two conditions of 

sirtrLinc equilibrium werc usually possibe for the :del, one 

at; a low a;	 t' att.ac1 id t.h	 trr t a moderately high 

(F' attaci.	 Tests wIth sriall variations in flESS 

;ition a n d In ocntrii setng IrHI ted that the type 

of spin obtanod was nt readil y influenced j small 

or r.ass chnF o s ,	 3iec t was felt that either 

th: flat cr	 p pin might be encounterc-ci 1r, flight,


dependin: on ;he r-tiod of entry, both typeswere investigcted 

For the rnce1 tests, variation in	 Tfl€ thod of launching


the rcdel Into the tunnel was used as a reins of obtaining 

t:oth types of spins

}iyin Condition 

he effh:ct cf control ett.In2 on the steudy-pin and 

ry charsct.ri. stics of the model in the normal flying 

	

Lion i5 shcwn on chart 1,	 flesult	 r€ ';resent(, d for 

both the flatter and the stee:er of the tv.'o toos of spins 

0 )Lainab1e.



ier full with, elevator full u	 and ailerons nei 

the ,r!odel spun rnoder:teiy flat (angle of attack, 560 ) wien 

1&iuriched in a spin in a fat attitude, and deecended at a 

mocerato rate (188 feet per second, ful l-scale).	 £tecovery 

by full raoid rudder revirsal took place In 	 urns 

For the same control corith,uration, when the model was 

launched In a sIn In a steep attitude, tte ensuing spin 

was steep, the rate of descent fairly bigh M-4 recovery 

br full ra?id rudder rev-rsal took lece in 	 turn,. 

Setting ailerons ñll aEinst the s?ifl (left aileron


U) and rIght aileron dovi- in a right s):L1) aastcred recoveries 

id

 

led to satisfactory recovery cheracterisites at all 

: evator settifl[:	 flen ailerons ful.l with the spin 

affected recveres s (lvcrseiy at all elevator sottins for 

the fiatt:r type of siu, find had only u -1iht effect icr 

the steeper type of spth 

Tests jiiwie with a 614 .-pound (ftllscaie) external 

doraoiitior bomb installed under the fuselage indicated no 

a;)oiecIable effect upon the zene ral	 spin. end reccvory charae-

ti.rlstics, and accordngly the ccndition th5e smaller bomb 

installed was not tested The results of the tests ar	 not



JO1I_L QI 

:	 the model in the normal 

landing condition(landing gear extended and flaps down 
I450) are presented on chart 2	 For the norrrl spinning 

control configuration, the reccvery obtained for the flattr 

type of sp in was somewhat slower than tat obtained f'cr the 

f1 rin condition, an1 as was the case ior th fly1n con-

dition, ailerons aoain3t t 	 spin sided recavry, whereas 

ailerons with the spin retarded roc'ver	 .V1eri the 1evator


wa noutral or don, recovery cwra'terJ.stics w:re unsetis-

fictory, rsrdless of aileron settn 

itet3r s01n3 were also obtainable foi the landing 
-	

•-	 -'	 -v: 

n 1 ron- I t.h cond tti cr From the .a tt€) con,--t-"Lon, a rapid 

recv ri won ohtared hj lull rap c 'udder r€virsal although 

nc recovc-ry had h ri cbt1nable fcr thiE cont.roi configuration-

from the flat;er, spine.	 Th-'a was taken as an inaicaticn that 

all rccovc'ies would be ra3id from the teeter t rpe of	 ifl 

for the 19-ding cond. t3 on, and accorin .ly S-S wlth other 

control C onfiguraoIorLs were not tested



area cdee to the fu:c)ae 

bElOW the horizontal sorfsee3 nd tc the rudoer as shown 

in figure 2 indicatc&1 that, &ilt. h f1attor and etee?er 

s'ins were still pbtaincd, ther was quite u r, irovement 

in the recovery charact.ristcs of !,he r 1 cdsl from the 

flatter c.ins.	 'he ru1 t inoicLJ that for the model 

w th this	 ci t'! 1 rrarv'i'	 r:.ary y lull rapid 

rudder reversal WeL! ::c.t --Ake over 2	 turns in thrcr-mat 

flyIng condition cart. 5) 

COLPAHISON O XF-39 I YODEL . SFIN GJ.CTERSTlCS 

do 'or the 

X?-. 39E rnodl wer r i.t. te sn1iar tc Lat prevIus.Ly obtained 

fcr the P-9L nc l n r-cported in reference 5 ..	 As ore-




viousl.y rnenione., 1owevei 1 , the XP-39 9 5 o also capable of a 

stee per -IV-ye of sin	 The two rli000ls are	 5 to Jm1ar


I1 r ny respects,and 1thcugh the XP -59E is a slightly 

lr;x bnd heavier airplane, trio outrding diffxence as 

concerns spinning seers to be the preserue cf square tips 

or the wings and tail of the XP-39	 iodel.	 It, zooms likely, 

fterefore, that tne tper ty2' tf spin, and suossquent



lL1	 :ti full -sca1 S2fl tests of other 

airlar.os incieate tt when a sin is erered by the normal 

method (stick-Cull-back stall followed by Eppl1cation of - 

full rudder), the initial spin attituce is usually steper 

thtn that ccrrepond1rLg to the final equilibrium corjdtion0 

For spins of the XP-39E airplane whIch are entered in the 

normal manner, the a.trpThrte will threfo'e probably nose 

down Into the steeper of the two tyes C V spins shown by 

the mo.del to be possible. 	 The flatter 10 1-1-oa of spin may 

be obtained, however, pErticularly then the spin is enterd 

•	 b'r other methods,. 

•	 cCLT3EI' 

The p;odel result	 nd:Lc te te foi.	 r'	 ii aiic 

recovery charactcI'iEtic for te	 airolane: 

I,	 Two t&s of spin will be possible ., one of


which will be nderately flat and the other of which 

will he steep-	 All recoveries from the steep apIns 

by full rudder reversal will b rapid 

2 3 

splrning 

elevator 

or the 

rly s

In th normal flying ccndition for normal 

control configuration (rudder full i th, 

full up, and ailerons neutral), recovery 

flatt-r of the two types of spins will be 

tisV&ctory if the rudder is reversed fully 
-	 -I-.



id recovery whereas ailerons set full with 

the s pin will retard reccvery0 

4. For the normal landin	 condition, recoveries

from the flatter type of spin will generally be slow, 

satisfactory recovery by full rudder reversal being 

obtained only from the elevator-up, aileron-against 

spin.

5, AdditIonal fin and rucder area beneath the 

fuselage in the vicinity of the horizontal tail plane 

will greatly improve the recovry characteristics of 

the airplane fron the flatter of the two types of 

)Ins obtainable 

Langley LLm rial Aer:nettcal Laboratory, 
National Advisory Co:irittee fo Ae.onautics, 

Langley FIeld, Va., February 9, 1942. 

.1 
Ansfal I Neihouse, 
Associate Physicist. 
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Jacob  W. KlInar, 


Junior Aeronautical Engineer. 
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Figure l.--- scale irodel of the Bell XP-39F airplane. 
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