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SWMAF.Y 

Tests or 0.14-scale models of tbe pa.rtial·span wing.and 
the isolated tail of th~ Bell XP~83 airplane (Army Project 
)4X-511) have hee.n ntade in the Langley 4-'by 6-foot tunnel to 
de. t.ernine the Eler·ody"l.amic characteristics in a ttl tudes 
simulating spin condlt:ons •. The tests were rnada at.a Mach 
number or about-0.095. 

The slC'pe or the curve or·aileron hinge moment against 
angle of attack increases ne~atively ~s the angle of attack of 
the wing is inc~eased. At the higher an~lP.s of attack the 
slope or the curve of ailer0n hinp,e moment against alleron de­
flee tion is more neg.atlve for small aileron deflections' even 
thouBh .th~ aileron hinP:e-moment increment from 25° to -25° 

· a"tJ.Ct'C1n deflections ts r,r!lctlcally constant ove~ the angle-of­
atta~lr range. The da.ta presented indicate that in spin 
atti~udes the yawing moment produced by the aileron is prac~i­

·cally as much as the rclllng moment. 

The eleva tor hinge-moment increment from 2fP to -25° 
elevator deflections is practically constant over the angle­
of- attack range and the slope of the curve of elevator hinge 
moment against angle of atta~k increases negatively as the 
angle or attack of the horizontal tail is increased. The . 
elevator hinge-:t;noment and l_i.ft .. curve slopes of the isolated­
tail mode~ show close a~reement with those of tho complete 
model. · 

.. As .the angle .of atta.c~ is .~nc;rea.sed the dra.~ produced by 
elevator derlection increases while the· lift produced by 
elevator deflection decreases. The elevator deflection has 
large effects on rudder hinp:e. moments at c:tt = ~.o.so and 

angle of yaw and rudder deflection of like signs. No con­
sistent effect of elevator deflection an rudder hinpe moment 
is shown at at ::: 50. 4°~· excEJpt tha_t nega. ti ve ·eleva. tor de .flee-

,_.....; _______ ,, ··--· ·- . '·---· .. .. . . 
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tiona usually gave the larg&st rudder hin~e moments for the 
yawed conditions. 

INTJ10D'!'CTION 

In view of the results of spin tests of a model of the 
Bell XP-83 airplane (Army Project MX~511) conducted in the 
Langley 20-foot free-spinning tunnel, it was deemed necessar,y 
to determine the hingo-moment characteristics of the control 
surfaces of the 0.14-scale model of the Bell XP-83 airplane 
in attitudes simulating spins. 

In order to obtain the necessary control-surface hinge­
moment data, 0.14-scele models of the left wing panel and 
of the. isolated tail unit were tested in the Langley 4- by 
6-foot tunnel. The hinge-moment data obtained are presented 
herein, along with the lift and drag data obtained from the 
same tests. It is planned to use the data presented hersin 
in the estimation of stick and pedal forces during the steady 
spin and ror spin recovery. Complete ranges of aileron, 
elevator, and rudder deflection over wld6 ranr:&s of angle of 
attack and yaw simulating spin conditions were invEstigated. 

COEFPICIBNTS AND SVMBOLS 

The results of the tEsts are pres~nted as standard non­
dimensional tTACA coe rricients of forces and momenta as follows: 

Cnu 

Cnt 

uncorrected lift coefficient of test panel( Lu ~ 
c;,3 

w 

corrected lift coe~ficient of test panel(~) 
. . . ~. 

horizontal tail lift coefficient ( ~) 
qSt 

uncorrected drag coefficient of test panel/ Du \ 
\CiS;J 

corrected drag coefficient of test panel 

horizontal tail drag coefficient(~ 
. qa;:J 
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whE:'re 

N 

I . 

rol"l.1ng-mttment coeff1p1~nt of. co~r>lete wing( L ' 
. qS 1b 1 l 

yawing-mQment coeffioi~t o; o-~~;lcte wing ( N ~ 
. · qS 1b' } 

aileron hin~e-m~nt. ~oef~icient (~ 
. . qbac8

2 } 

left elevator hinge-moment coefficient( Hat ). 

• b - 2 · q etce . 

rudder hin~e-n~me~t co•ffieient.( ~ 
qb:rcr 2 J 

uncorr€cted lift rorco on test panel 

corrected 11ft force on tost panel 

lift force on horizontal tail 

uncorr~cted dra~ force on test panel 

correct~d ~rag force on test panel 

drag rorcv on tail 

rolling moroent about the wind axis, positive when 
it tends to rai~~ th~ left wing tip (rt-lb) 

yawing mome~t about th& wind axis, positive when 
it tends "to advance the left wing tip ( rt-lb) 

aileron moment about the aileron hinge· axis, positive 
when 1 t tends· to de"press the aileron trailing 
odgo ( ft-lb) 

left elevator mOm.ent ab"out the elevator hinp;e axis, 
positive when it toods to dep~ss the elevator 
trai~1ng e~ge ( ft-:lt>) . . 

rudder moment about the rudder hinge axis, positive 
when it tends to defleet the ruddor trailing edge 
to the left. (ft-lb) . · 
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be7. 

-ce 

br 

-cr 
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aw 

Cit 

~t 

6a 

6e 
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d:Jll&mic pressure _Cl~/sq ~t)( ~:2·) 
mass density ot air (alugs/cu ft) 

airspec.d ( rt/se.~) 

area of partial-span wing (aq ft) 

area of horizontal tail (sq ft) 

area of winR on complete model (sq ft) 

span of ~ing on complete model (ft) 

span 'or e.ilaron along hinge axis ( f't.) 

root-mean-square chord of ail~ron behind hinr,e 
nxis ( ft) 

span of lert elevator along hinge axis (ft) 

root-mean-squaro chord of elevator behind hinge 
axis ( ft) 

spen of rudder alon~ hinge· axis ( ft) 

root-mean-square chord of rudder behind hinge 
axis { ft) 

angle of attack of test panel, referred to chord 
line ~t station 26.55 (dugrees) (s~e fig. 1) 

angle cf a-ttack of tail unit, referrE-d to reference 
line of dQ~my·ruselage tdegrees) (see fig. 3) 

anr,le of yaw, angle betwe~n model plano of symmotry 
and rel~tive wind (degrees) 

aileron deflection with respect to wing chord line, 
positive with trailing edge down (degrees) 

elevator daflection with respect to stabilizer 
caord lin~, positive with trailing edge down 
(~_egrees) 

rudder deflection with respect to chord line of tin, 
positlvc with trailing edge deflected to left 
( dep;rec s) 
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~aw 
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angle of chord plane o~ etabil~ze~ rglative to 
reference line of- :tueelage (··2-,-66 ) 

one-half o~ the ino~~ment of unoo~rected lift coef­
. ficient oaueed.by ~e~lection of. the aileron on 

the model as tested Caee~note on paae 6) 

aae-half of the increment of uncorrected dras coer~ 
ficient caused by deflection of the aileron on. 
the model as tested (see note on page 6 ) 

incr•ment or tail lift coefficient for a given 
elevator deflectipri 

increment of hinge-moment coefficient for a given 
surface deflection (with subsc~ipts a, e~, and r 
to denote aileron, left elevator, and rudder, 
respect'ively) 

( acr.J 
caw Oa 

cc~') 
oat Oe 

(beLt 
o68 L~ 
(:~a )Ca where the subsc~ipts outside the 

parentheses indicate the factors 
held constant during meaeureme11.t 

. of th~ parameters 

(bOna) 
oOa . Gw 

c~et~ ' 
0"t Oe 
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ahan·ge in pitching-moment c.oe.f:fioient o.f complete 
·model of the airplane per debTee· c~~ge in 
stabilizer setting 

change ·in pitching-moment coefricient of complete 
~odel o.f the airplane per deGree change in ele­
vator deflection 

!Tote: Because the n1odel of the wing panel was tested as S.: · 
--reflect!on-planfio m0del,. the d~.flection of' one ail~ron will 

have the same aerodynamic ef.f'e.-lt on the :ru.odel as the de­
flection of two aile~ons in t~ same direction on a complete 
wing of thG saa1o plan form a.a the model plus its im.a.t:e. 
All increments of forces caus~d by ail~ron d&flection are 
thEjrcfaro twice t~1os s ti1.at would be obta • ned by deflc:.cting 
only one ail(;ron. This fact is noted on figures 7 . and 8. · · 

'!OD~LS A~ APPAJtA'rUS 

The model of the partial-span left wing was comp~aed of 
tre; tip and ail·.ron asse~J~bly sup"Jlied by tho Bell Aircraft 
C~rnoration for t~3 i~vcstigation of the stability and control 
characteriPtics. A drawing of the model ie prosentcd in figure 
1. ~e panel, from station 0 to the inboard end of the aileron, 
was made at the LanGlGy Laboratory from te~plvts SU?plied with 
the modol, and was attach6d to the tip with ste~l st~aps. The 
co:::nplcte D"Jodal winG has a goc::m.::tric twist o.f -2··1/4°. The . 
partial-span model, for construction simplicity, was built 
with oo twist bctwebn stations 0 and 17.850 (inboard end of 
aileron). Thfs deviation in construction should have; a negli­
[ible uffoct on th3 nilt.oron charact~ristics abova th~ stall. 
The aileron gap was sealed. Ail~ron hin~e moments wore read 
by moans of an blectrical strain gage. The location of the 
modal in th~ Lancley 4- by 6-foot wind tunnel is shown in 
figure 2. Th~ g~omatric characteristics of the wing panel 
and ail~ron are present~d in ta~lo I. 

The model of the isolated tail unit was compos~d of t~ 
compl~ta tail assembly supplied by the Bell Airqraft Corpo~ 
ration. The ext~nded-span flat-sided rudder was used. A 
dummy fusela~e, o:r f'airing, was added b-s the Langley Labo­
ratory, as shown in fieurc 3, to simulate a portion of the 
actual fUselage. The elevator and rudder gape were not sealed, 
Elevator hinge ~om~nts were m6asured with an electrical strain 
r.ege on the left olevator only. Rudder h~ngo mo~ents w~re also 
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rE.:ad by lnE::ans of an .:ilf;;ctr1co.l strain sag€.. The position of 
tbu ~del in the ~l~y 4- by 6-foot r.ind tunn~l is illus­
trat&d in figur~ 4~ The etrut sup;orting th6 fork and model 
was cover~d by a streamlin~ fairing which was faaten~d to 
the.: tl'lnn.Eil wall. Tho strut itself was mounted on th~ balance 
system so ··that 1'-ft- a.P.d. ar·ag' f~cee ·could .be P.bad •.. The_ angle 
of attack of the model:, was·· changed by an ol~etrical drive. 
from ~utaide tge ~nngi; the system was. de-signed to c;ive 
a rang(, trom: 0 to 70 • Th& yaw tast-e wGre run by manually 
tur.ning the out(1r ~nd Of ·the support strut While C":l.Jcldng 
the angle with an 1ncl1nomct~r. A three-quarter top•view 
photo~aph is -ore s:.:.nt!Jd in fi(!ll.re 5. The geometric chF.rao­
tcristicR of the horizont~l and vcrticol·tails are presented 
in tahio" r:r. . . -.. 

':-:.hen thf: model of the tail was ·roceiv.:::.d ·trom the 
Langley 8-foot high-speod tunn~l, it was found to hav~ o. 
transition strip of No; 60 earborundum grains gluad to the 
sta~ilizer aurfaco ~t thG 0.17 chord st&tion over the entire 
sta~ilizer apnn. The transition strip was not re~oved since 
it probobly would hevc littl~ , if any, offoct at th~ ettitudes 
being invoEti~at~d. 

T~STS ArD RESULTS 

T(;Jst condi tiona.- T}:c tests of the pa.rtial-si)an left 
w1 nb panel v1er~ raade in the I:angl~y 4- by 6-foot tunnel ot a 
dynamic presFur~ or 13 pounds pLr squarb foot for angles of 
attack up to 35°, and at 10 pounds pbr square foot fer angles 
of attack from 30° to 67°. The values of q of 13 ~nd 10 
pounds p~r squor~ foot corr~epond to tost R~ynolds numb~rs 
of about 700,000 and 6lO,OOO,respectively, based·on the 
average chord, for the wing panel tested, of 1.04 feet. Be­
cause of the turbulenc~ factor of 1.93 for the 4- by 6-foot 
tunnel, the effecti-ve Feynolds numbers are 1,350,000 and 
1,178,000, respectively. 

The tests of· the 'isolated tail were also:made in the 
Lan~ley 4- by 6~f9ot tunnel at a dynamic pressure of 13 pounds 
per square foot, which.corresponds to a Mach number or about 
0.095. Tests wsrerun through a yaw range fram.·35o to 350 at 
constant angles of attack or the fuselage reference line of 
20° and 50° with elevators and rudder at various deflections 
simulating their probable positions in a spin. The control 
surface tabs were neutral for all tests. Pitch·tests were also 
run through an angle-of-attack range of 0° to 70°, with the 
elevator set at various deflections, and the rudder set at oo 
for all testa. Tlie horizontal-tail incidence was -2 .• 66o with 
respect to the fusela~e ·reference line for all tests'. The 
test Reynolds number, b~sed on the average chord of the 
horizontal tail of 0.563 f"ee.t, and a dynamic pressure of 13 
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pounds per squnra foot, is 370,000, nnd the effective Reynolds 
num.be.r is 714,.000.-

A dur.uny tail ·block (with tall surfaces removed) supplied 
by thA F.ell Atrcraft Corpor&tion was attached to t~e dummy 
fusfl~~e, or fairing, and test~d through a yaw ren~e of 
-35° to 10° at constant angles of attack of the fuselage 
reference line of 200 and 500 • Also a pitch tes~.wao run 
through an engle-of~attack reng~ of 0° to 70° at zero yaw. 

Corrections.- The ·data on the partiel-spen wing heve been 
corrC'!cted, by tht:~ method describod in r~ference 1, for the 
influence of jot bound"-ries. The jet-boundary corrections ror 
the partlc.l-spo.n wing were applied as follows: 

Aaw = 1.19~ CLu 

t.CLw = -0.020 _cLu 

tacniw = 0.0158 cr,/ 

aC1J. = 
n 

0.00313 CLu 

Theso corrections were added to the partial-span wing test 
values. 

The rolling and y~wing moments ·for th~ defl~ction of 
one cileron on the win~ of the complete modGl airplane were 
os tlma tr.d by- use of th•J f.ollowing equa tiona: 

If it is de~irod to convert the data of figures 7 and 8 
to the plan form of the comnletc ~irplane, the incroments of 
lift and dreg ceusod by aileron deflection should be diyid~d 
by 2, and all angles of attack should be corrected by adding·· 
the increment ta~ = -~.400 Ctw• I 

The data for ~he isolated tail have·boen corrected for 
the influence of the jet boundaries. The jet-boundary 
correqtion was applied as follows: · 
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This co~rootion was ~dded to the test v~lues. The correction 
to the.induced drag caused by the jet boundaries was round to 
be negligible. Th~ lirt and drag dnta for the tail surfaces 
alone were ob~ained by subtracting the values. for the dummy 
fusclriP:e ··alone ( f1p;s. 1-5 and .. l6) f'rom -~P~- _values obtained 
from tests or the dum;my f'ust:.la~o with tail surface·s·; --Thus, 
the lift and dreg charaotoristics presented f~r the t~il 
surfac.cs sti_ll include the rusele.ge-tail' ·interference., but not 
the di~ct fusele~e forces. The pressure difference between 
the inside of the strut fairing and the atmosphere outside 
th~ tunnel necessitated a correction to the lift data which was 
obtained by calibration. The corrections to the hinge moments 
of the rudder and elovator war~ found neg~igiblc and were not 
applied. · 

Tust procodure.- The 0.14-~calo partial-span wing model 
was mounted IC tfi6 tunnel (rig. 2) with station 0 adjacent 
to the tunnel wall, which thurcby acted es a reflection plane. 
The model was supported ontirely by the balance frame with a 
small cl£·ero.ncE:. at the tunnel wall so the.t all forces· and 
moments octing on th6 model could bb measured. Sincu the 
Q station of tht win~ is not on the center line of th~ air­
planEi, tho lift o.nci drf'.g presented herein are for two ailorona 
deflected in the same d:J.rection on a wing of aspect ratio 
5.69 ha\oin~ an area of 6.20 square feet, including the reflec­
tion image, instead o!' for one aileron on the complete model 
which has a win~ of aspect ratio 6.52 with an area of 8.45 
square teet. This diff'erence in aspect ratio is thought to 
have a negligible effect on the" aileron hin(e moment, par­
ticularly at hly,h an~les of attack. 

The electric angle-of-attack drive is designed to give 
a range of approximately 40~ FOr this reason it was neces-
sary to run the tests from 0° to 35o for nll aileron ce.tlec­
tions, and then to r~peat the tosts for same aileron deflec­
tions with the angle-of-attack range shifted to give· 300 to 67o. 
The accuracy of resettin~ the deflections is indicated by the 
double points on the curves at ctw = 30° and 350 in figures 6, 
7, and 8. The tests were run at const~nt aileron deflections, 
except for a slip,ht strain-ge~o deflection, in 20 increments 
ot an~le of ottack through the stall. and then in S0 increments 
up to 65°, the las't step boin~ 2° to reach 67<] The aileron 
det1oction range .was rram neutral to ±25° in 5° increments. 

The yaw. tests for ~onstant elevator deflections of -25° 
and 25° wo~ run in S0 increments or·yaw from 0° to +36° and 
from 0° to -15° while holding angle of attack and rudder de­
flection~ constant. The yaw tests run at a constant elevator 
deflection of t5° were mnde in 5° steps from 0° to 10° and 
from 0° to -~5° while holding an~le of attack and rudder 
deflections constant. The control-surface deflections varied 
slightly because of strain-gap,e deflection. 

-----------------------------------------------------------------------------
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DISCUSSION 
. 

Partia~-span Wihg Tests 

The partial~span wl~ aata presentDd in this paper are 
bej,ng used in estimating s"tick forces (to be published) 
on the ailerons at high a~l6s of·attack simulating spin 
conditions (fig. 6). Lift, drag, rolling-moment, and yawing­
mo~nent characteristics are e.lso pres>Jnted (figs. 7, 8, 9, and 
10, rospoctively). 

Ail~ron hinge moments.- The values of ~ and ~- , as 
- C1w "'nf'a 

!'Cad ov•:r r::. small range of aw and 611 at low angles of attack 

(fig. 6)' 
~·L and 
"'naw 

qre -0.0015 and -0.0036, respectively. Values or 
~O , as·d~t~rmined from t~sts of the complete 

a 
model in tho L~ngloy 7- by 10-foot wind tunnel (unpublished), 
arG -0.0020 and -0.0040, respect! vely. The clos.e: s.gr&srnent of 
the ?Dram~ter v~luos at low angles of attack fo~ the complete 
model wine; and th€.- "1Grt1el-spe.n wing of slightly different 
aspect ratio indicates that the differences in aspect ratio, 
wind tunnel, and test procedures have little effect on the 
hinge-moment pare.metdr vr.lucs ror this particular case:. 

The curves of' figure 6 indica to that the slope·, ~ , 
. Ctw 

is increas~d from -0.0015 ~t low an~les of attack to about 
-0.0070 at P.ngles of ettack between-40° and 50° • The slope, 
ch ' for smnll dofl~ctions is incrc~sod from -0.0036 at 

6a 
low anRlcs of attack to ebout -0.0100 at high angles of attack. 
The total increment in ~ between deflections of ~250, 

a 
however, is fairly constant for the whole angle-of-attack 
ranp:e. 

Win~ 11ft ond drn~.- No plan-form corrections 
eppliedo th~ 11ft an drag dat& in figures 7 and 
thcrefor0 represent the deflection of two ailerons 
same direction on a win~ qf aspect r~tio 5.69. 

hove been 
8, which 
in the 

The slope of tho 11ft curve, CL , 
Ow 

winp, with fus~lage and canopy was f'ound 

for the complete-model 

over a range of nw = ~0 (unpublished). 
to be 0.072 when read 
The slope of the lift 

cur.ve f'or fuselage and canopy only is very low and therefore 
the VAlue above may be considered as that for the wing alone. 
The po.rtial-span 'Wing d~ta gEnre a CL value of 0.067 and 

t1w 
application of~the plan-for.m corrections given previously 
would increese this slope to nbout 0.069 which compares 
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favorably with ·the complvte -wing value of 0 .• 0'72. 
. - . - _. 

Aileron rolling and yawing mom6ntsr•,BY ~eans of the 
~qu~ttons glvan pr~vlousiy, the uncorrect6d deta used to 
L~mpute tho corrected data'of figures '7 nnd 8 ware also used 
to compute the rolling- ~nd ynwing-mcruent·coefficients fOr 
the deflection of·one aileron on a wing of aspect ratio 6,52, 
ror camp~rison with the deta from the complete model {un­
published). These rolling- and ~wing-moment coefficients a~ 
plotted in figures 9 and 10 against aileron doflectlon. 

A compe.riac:m of "the rolling ... moment characteristics of 
figure 9 with date from the complete model indicated fair 
agr£~ment. Th~ agreement shown is thought to be fairly good 
considorlng the mathomutlcal mnnipulations involvoa in comput­
ing rcll.ing-momcnt coefficients from thE.. 11ft data of the 
pres£nt partiel-spnn tosts, 

A similar estimation ~nd comparison was made for the 
yawin~-mom6nt ch~r.~cteriatics reeulting from aileron deflec­
tion on tho ('otnpl~tf. rnocol {fig. 10), Tha a.greE".mf:lnt is 
fairly good for· n•.)ga.ti\·c cildron deflections, but not for 
poaitivo d~rlections. A lack of ~g1~emcnt miFht be expected 
bcce.uso of th(., sm~ll incrcm.;:nts of dreg end tho difficulty 
of dotorrn!n tng t~c:. cor!'E-:ct spanwise le V<"r arm at which. this 
small tncremont of d~ag may be considered to act. 

Althoup;h tho computed rolling and y~wing moments cnnnot 
be considered v~ry Pccurete, the d3ta !ndicat£ thnt in spid 
att!tudas the y~wing mom&nt produced by the Aile:ron is as 
much as o~ more th~n tho rollin~ moment produced. 

Isolated Tail Tests 

The isolat~d t~il hin~e-mom~nt datn presented in this· 
paper (figs. 11 and.l2) were obtained for use in estimating 
stick end pedal forces (to be published} at angles o·r attack 
and yaw simulating spin attitudes. Lift and drag charac~er-

. !sties were also obtQlned Pnd are presented in figures 13 
and 14. 

Elevator hinge moments.- From tosts of the complete model 
{unpub11sh~d), the vnlue or~ is approxim~tely 0.0020, 

at 
and AChe was found to be approximntely -0.028 for 10° elevator 

7, ' . 

deflection. The velues t~ken from the present data in the 
unstPllcd condition (fi~. 11) were ~ = 0.0020 and 

Ctt . 
A~ = -0.030 for Oe = 15°. FQr the present tests trnnsi tion 

e7. 
was rixed while fer the complote-model tests it was free. 
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The curves for Oe = 0° and -2so·, in figure 11, appear 

to fall together in tne stalled ran~·~etweea·at = 24° and 

32°. The value of'· "hat at Oe = 0° changed .t'l'om o. 0020 at 

ctt =on t9 about -0.0~20 at "t= 50°. The elevator hinge­

mom&nt increment resulting from changing the deflection of' 
the elevator from -25°to 25° inc~ased between «t= oo and 
15°, decreased from 15° to about 300 at, and then increased 

again until at «t = 60° the increment was about equal to that 

at at= 0°. 

Ror yaw tests at constant «t (£ig.12) the left elevator 

hinge-moment curves ~enerally have a negative slope with angle 
of yaw. This slope becomes fairly steep for negative angles 
of yaw with a.t = 50.4°. The negative slope of "he~ ara"inst 

Wt may be caused by the dihedral angle of tha horizontal · 

tail, ~ioh, at positive nneles of yaw, gives the left hori­
mntal tail a positive increment of a.t; and, since ~ 

a.t 
is generally n!,gative, the positive increment of «t causes 

a ~er,ative increment of ~et" 

Chan~ing rudder deflection from minus to.plus renerelly 
increased the negative value of ~et for all the valuee of 

Wt, at, and 6e tested. 

Rudder hinge moments.- At Oot = 20.5° (fig. 12) the 

rudder hinge-moment curves senerally have a negative slope 
with angle of yaw. With angle of yaw and rudder deflection 
of opposite si3D, the elevator deflection has practically 
no effect on rudder hinge noments at «t = 20.5° for large 

angles of·yaw. With like signs for~ and er the elevator 

deflection pas a lar£e effect on rudder hinge moments. A 
negative increment in Oe generally produces a positive 

increment in ~ for negative values of Or and a ne£ative 

increment in ~r f'or positive. values of Or• With ctt = 50.4° 

no consistent effect of ~levator deflection on rudder hinse 
moments -
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is shown, ·except that negative. elevator deflections usually 
result in slight.ly larger rudder hinge moments at hifh angles 
of' yaw. No·. date:~ available f'or· c:omparison of' 'the rudder 
hinge-moment. characteristics in yaw pr6sented here with those 
of the' ruddor · on··the ·complete model,- bacause the comple.te 
modei data were obtained at &ngles of at~ack below tb~ stall. 

The cu~ves, in.genoral,· show the large ef'faot of' the 
deflection of one control surface on the hi~ge moments of 
the othor 1 especially the large effect of elevator deflection 
on rudder hinge moment. 

Tail lift and drag.- The lift nnd drag data ~e presented 
for. the tali s1~races (includinG fuselage-ta!l interference) 
in f1f.Ures 1~ and 14. · 

The . slope of the unatalled· (at ::: 0° to 1.0~) 11ft curve 

with elevator ~&utral wes found to be 0.056 from the data 
shown in firure 13. An equal value of CL was obt~ined 

. a+: 
by calculation from the vuluo ~ = -0.6243 obtcin~d in 

~it 

the complGte model teste (assuming the q ratio at the tail 
equal to one}. ~~complete model tests of reference 2 
gave a value of ~ = -0.0155 which by the .nethod of 

~Oe . 
calculation discussed abovb gives From the 

present data, the value of ACLt for an elevator deflection 

of 15° is 0.45, which if the variation is assumed linear 

would ~ive ~0Lt = 0.030. 
~Oe 

From figure 13 the decr~asing effect of elevator deflec­
tion· on tail lift with increased angle of attack is obvious. 
The dra~ increment caused by elevator d~flections, howev.er1 
appears to increase with angle of attack. 

The lift e~fectivone.ss of the ele:ator, cL
08

, ·inc~eases 

with a~gle_of yaw ~h?n at= 20.5°, while with at= 50.4° 

the lift effectiveness decreases with angle of yaw (fig. 14> 
Rudder deflection had comparatiyely little effect on the 
value of CLt. 
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Tho «b-ag at high ancles of yaw -and ~t = 20 .. 5° depends 

on both elevatof._~nd rudder deflections·, and.ie smallest 
when both surfaces are deflected ~ore nearly y~allcl to·the 
rcl~tivc wind.· With at= ;0.4° the same tendency.tor lower 

'"""- ... 
drag with the S\~taces deflected parallel to the relativg 
wind exists but is of smaller magnitude. At at = 20.5 
the drag, with surfaces at any combination of derlactions, 
increased with engle of yaw, whilo at ot = 50.4° the drag 

remained nearly constant or decreased with ensl~ of yaw. 

Fusela~e lift and dras.- The lift and dra3 character­
i~tics of t 0 a~~ !Us~la~e without the tail surfaces aro 
present~d in ficures 15 nnd 16. It is to b~ noted that the 
interference effaot of the strut and fork ar& included in 
these values. 

The curve of lif~ against nn~le of attack in fisure 15 
shows the usual low slope value for a plain isolat6d fuselage, 
The dras curves in figures 15 and 16 show the usual increaao 
in drag with both ~gl~ of attack and ·yaw. · · 

cmrcr..usr ONS 

From tha results of tost of 0.14-scale modols of the 
Bell XP-83 control surfaces in the Langley 4- by 6-foot · 
tunnel et attitudes simulating spin conditions, the following 
conclusions may bo drawn: 

1. T~c slope of the ourvc of aileron hingG mam~nt 
eF.ain~t angle of attack increaeos notatively as tho engle of 
attack of the win§ is increased. The aileron hinae-mon1ent 
increment from 25 to -25° nileron deflGctions is practically 
const~nt over the nngle•of-attnck rang~ even thouzh the slope 
of the curv0 of ail~ron hinge moment egainst ailaron deflection 
ia more negctiv~ for small niloron qe£1ect1ons at the hither 
Bnf.les of attack. 

2. Tho data presented indicate that the a11Gron pro­
duces practically as much yawing moment as rol~ing mom~nt 
whe.n in s.p1n attitudes. 

3. The slope of the curvo of elevator hingo mom6nt 
a~~inst angle of attack incr~ns~s negativ~ly na the angle 
o1 attack of the horizont~l tail is inareasod. The ~levator 
hinge-mom~nt increment from 25° to -25° elevator defl~ctione 
is practically constant ov~r the an5le-of-attack rang~ tested. 

4. The lift-curve slope and the elevator hinge-moment 
elopes for the ieolat~d-tail model and tho camplato model 
show clo~o agreement. 

----··--·---•-•--• •••- I •- ···--II Ill • II 
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5· Thu data presented indicate that tho dr~ produced 
by-elevator de~luction.1norea~~~- n~ th~ anglo of attack is 

·increased while the 11ft produced by elevator deflection 
deoJ"eases. · 

6. At a.t = 2·0.5° ,· and angle ·of yo.w and rudder de.fleotion 
of 11~G signs, the alovator deflection has large Gffbets on 
rudder hing~ moconts. At ~= 50.4° no consistent ~fiLet of 
~lovator deflection on rudder hing~ mo~nt is shown, ~~oopt 
that n~gativ~ elevator d~fl~ctions usually gnve tho lorg6st 
rudder hingo mo~~nts for tho yawed conditions. 

Long loy Memorial Aeronau.t ioul Laboro.tol'y 
National Advisory Comm1ttne tor Aeronaut1as 

TJan:.loy Fiold, Va. 
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RE:P.B:~NCE 

1. swanson, RobertS.", and Toll* ThoD".as A.: Jet-Boundary 
Cor~ections ror Reflection-Plane Models in Rectangular 
Wind TUnnels. NACA APn No. 3E22, 1943. 

\ 
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TAB!,E I 

GEC't'IETTITC Cl-IA nACTERISTICS 0F WING AND AILER0N- OF 

· 0 .14-SCALE rr.ODEL 0F' THE PELL XP-83 A IR~I·ANE 

,~rea_(p~~t~~~-~pa~-~-~odel 
area+ image area), sq ft 

o •. , • • ' , r,•, . , • . '.· , • •. 1 

~ve~~~~ :~~~~~; t~_: 

Span (partial span+ image),ft 

Aspe9t.r~t~Q.(P~~tlal span. 
. + Jn:age )_ . . . 

0Llgl,e: a~~erqn -~~e~, _sq .rt 

Slnii~ ~{ler6n span (along 
hinp;e axis), ft 

}\ileron_root-mE;a.IJ.-~qva.:r.e 
.chqJ;_'d, ft 

iile~~~ ~ala,nc~ ~rea, ~q.ft 

qatio of ~il~~~n balance a;ea 
to aileron area, percent 

I•. • o :~ ; \ ' • ~ o 0 ! ; ·of~\' ,·/ 

Complete Partial 
span. span, 

8.45 

1.14 

7.42 

2 •. 6: 1 

2.15 

1 ~ 4 53 

.207 

.69 

\

1 32. 5 

. !2o 

6.20 

1.04 

5.95 

5.69 

2.6:1 

2.15 

1.453 

.207 

.69 

1 32.5 

lt25 
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TABLE II 

GEOMETRIC CHAPACTEPISTICS OF 0.14-SCALE.YODELS ~~THE 

BELL XP-83.~0RIZ0NTAL AND VEPTICAL TAIL SURP.lCES 

vertical tail: 

Total area, sq ft ••••••••••••• , ••••••••••• 
S-pan, ft ............... ~ ............. , • .. . 
A ape c t rat 1 o • • • • . . • . • . • • • • • • . • . • . • . . . • • • . • 
Angle of offset, degrees •••••••••••• ,.,, •• 

Rudder: 

-

Are a, s q ft ........................... , ... . 
Span, ft .........•... , ............. , ...... . 
Root-mean-square chord, ft •••••••••.••••• , 

·Ratio of.balance area to rudder area •••••• 
Ratio of rudde~ area to vertical tail area. 
Average,chGrd, ft ••••••••••••••••••••••••• 
~aximum defle~tion, degrees ••••••••••••••• 

!Ioriz.cntal tail: 

Area, total, sq ft •••••••••••••••••••••••• 
Span, total, ft ••••••••••••••••••••••••••• 
Average chord, ft ••••••••••••••••••••••••• 
Aspect ratio •••••••••••••••••••••••••••••• 
Stabilizer dihedral, degrees ··~··········· 

Elevator: 

Percent elevator balance, ••····~···••••••• 
Area ·a·ft of hinge (one eleva to~), sq ft ••• 
~oot-mean-square chord, ft •••••••••••••••• 
Maximum deflection, degrees ••••••••••••••• 
Span along hinge axis (one elevator), ft •• 

0.932 
1.191 
1.523 

0 

0.274 
1.4.31 
0.193 
0.435 
0.294 
0.191 

t25 

1.470 
2.610 
0.563 
4.650 

10 

48 
0.195 
0.165 

±25 
1.300 



Section A-A 

Enlarged 

.146 ft. 

Sta. 35.700 Sfa.J7.850 

Sta.26.550 

1-----.:...._
1 -2.975 ft. 

Sfa. 0 
,Jcol•,f~t 

I I I I I I 

0 ·' .:2 ·" ~ .s 

--+---+--

~--1.454 ff. ---.....+o---1.488 ff.-----.1--

NACA 66r15J-rR..5Jt4 a.z.f5 N A C A 6t}(15J-(J.5)14 a= .6 

Figure 1 :- Defa.ils and 

or the X P-83 airplane 

Langley 4-0' 6-foof 

dimensions 

left wmg 

wind fu.nnel. 

of 0.14- .sca.le model 

panel as fe$fed in the 

NATIONAL ADVISORY 
COMMITTEl FOil ADOIAUTICS 
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NATIONAL ADVISOIIY 
tltlf!IMITTEE fOil AEIIONAUTICI 

Fi9ure .2. . - Location oF partial-span 
test section of the Langley 
roo+ wind "tunnel. 

1U'fl01!~~ 
OOJO(l'I'fU: roB .lKIIORAUfial 

wmg in the 
4- by 6-
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. 770 f"t 

. 554 

. 250 {"f. 

.soo r+. 

2.613 Tf. ------;of 

I -
.104 rt. 

.052 ft. 

.385 f.t . 

. 277 0 . 

.2.77 Tf . 

Elevator hinge axis 

Sc"'-. fftf 
I I 

Sta. 72..100 

I 
~----'--,......_.385 

.527 rf . 

f-4--------2.804 (f. _________ ...., 

Figure 
the 

3 . - Details and 

XP-83 airplane 
dimensions 

ta.il unit 
4-f?y 6-f"oof wind. funnel. 

of" 0.14-scale 
tesfed m the 

model 

Langley 

NATIONAL ADVISORY 
COMMITTE£ FOI A£-AUTICS 

oF 



Figure 4.- Locaft'on 

dummy fUselage 1n 

4-by {j- roof wind 

l'IATION.t.L ..t.DV180BY 
OOMM.JTTEE •oa J.BBOB..t.'DIIC; 

or fa,./ surfaces and 

fesf secflon oF fhe Langlf!!.Y 

funnel. 



Figure 5.- Three-quarter top view of XP-83 tail surfaces with dummy 
fuselage as tested in Langley 4- by 6-foot tunnel. Model at positive 
angle of yaw and at high angle of attack, relative wind vertical in 
plane of picture. 
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