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NATIO NAL ADV ISORY COMMITTEE FOR AERONAU TICS 

TECHN ICAL NOTE NO. 633 

SPI NNI NG CHARAC TERISTICS OF WINGS 

V - N .A.C.A. 0009, 2 30 1 8, AND 67 1 8 MONOPLANE WINGS 

By M. J . Bamoer and R . O. House 

SUMMARY 

Th re e rectangular monop l ane wi ngs having rounded tips 
we re t es t ed on the N .A.C . A. sp i nn ing oalance in the 5 - foot 
v e rtic a l win d tunnel . The a ir fo il sect i ons used were the 
N .A. C. A . 0009, 2 3018, and 6718 . 

The ae rodynamic characteristics of the mo d els and a 
pr e d i c ti on of the angl e s of sides li p fo r steady spins are 
given . There i s included an est i mate of the yaw i ng moment 
t h at mu s t De furn i sh e d oy p arts of the ai r plane to oalance 
t h e i ne rtia couples and wi n g yaw i ng moments for sp inning 
equ i l iorium . The pr e dicted angles of sidesl i p and yawing 
mo men t s re quir e d for sp i nn i ng equili orium for a Clark Y 
wi ng with the same p l a n form are i ncluded fo r comparison. 

INTRODUC TION 

I n o rd e r to pro vi de necessa r y data fo r p r ed icting ai r­
p l a n e sp i nn in g characteristics f r om the design features, 
t he N .A. C . A . is conduct i n g an extensive investigat i on to 
d et e r mi ne the ae rodynamic characteristics of airplane mod­
e ls ~nd mo de ls o f airp l ane parts i n sp i nning att i tudes . 

The inve st i gation to deter min e the sp inn i ng character­
i st ic £ of win g s , in ~ h i ch th e N.A . C . A. spi n n i ng oalance 
wa s u s ed, included v a riations in a ir f o il section , pl ~n 
f or m, ~nd tip shape of monop l an e win g s and variat i ons in 
st agge r of oip lane cellul e s . The f ir st and third series 
of t e sts re p orted wer e ma de of Cl a r k Y monoplane wi ngs with 
rect a n gul a r pl a n f o r ms , wi th squa r e a nd r ounde d tips , and 
with ~ 5 : 2 tap e r ed plan form hnv ing r ounded tips (ref~rences 
1 and 2 ) . Th o second an d fou r th seri e s were made of a rec­
t a n gu l a r Clark Y oipl a ne c e llule wi th - 0 . 25 , 0 , and 0 . 25 
s t ~ggc r a n d ar e r eported in r ef e r ences 3 a n d 4 . 
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This report g ives the aerodynami c ch a ract e ri st ic s in 
sp i nn i ng att i tudes of N .A. C . A. 230 1 8 , 67 1 8, and 0009 rec ­
tangular monop lane wi ngs wi th rounded t i p s . Data fo r the 
Cl a rk Y wi ng p r e vi ously tested are i n cluded for co mpari son . 
Th e d iscuss i on of the data i s based on the method of ana l y ­
sis g iven i n reference 1 . 

APpARA TUS AND MODELS 

The tests we r e made on the sp i nn i ng balan c e in the 
N .A.C . A • . 5 - foot v e rtical win d tunne l . The tunnel is de ­
scr i bed in r efe r en c e 5 and the 6- c ompone nt bal an ce in ref­
erence 6 . 

The wi ngs we r e made of l am i nated mahogan y to the 
N . A . C. A . 0009 , 230 1 8, and 67 1 8 a ir fo il se c t i ons . Th ey are 
r e ct angul ar in p l an fo r m wit h rounded tips, and ha v e an 
aspec t rat io of 6 . Th e tip p l an fo r m i s composed of quad­
rants of s i mi lar ell i psos . The section p rofile is main ­
ta~ned to tho end of th e wi ngs and , in e l e vation, the max­
i mu m upper - surface section po i nts are i n one plane . Th i s 
t i p shape , as shown i n f i gure 1, · has been des ~ gnated the 
"Ar ny l l t ip . }' i gure 2 shows the N .A. C. A. 671 8 model mount ­
ed on t~c balance . 

TESTS 

I n orde r to cover the urobable suinn i ng range~ tests 
~ - ° ° u were m~de ~ t angles of ~t tack of 30° , 40 , 50 60 , Qn d 

70 ° . At each ang l e oi a ttack t ests were made wit h side ­
sl i p ~ng1es o f 1 0° , 5°, 00 , - 50, Qn d - 100 fo r . the .N . A.C . A. 
0009 ~nd 67 1 8 a ir fo ils a nd of 5°, 0° , _ 5° , and _ 10 ° fo r the 
N . A . C. A. 23018 a irf o il . At ea c h ang l e of attack at each 
angle of sideslip, t es ts were made wi th values o f Ob/2 V 
of 0 . 25 , 0 . 50 , 0 . 75 , and 1 . 00 . Th e angles of attack were 
r efe rr ed to the chord of th e section i n the p lane of sym­
me try . Th e a~g l es of sides lip we re measured at the quar­
t e r - chord po i nt in the p lane of symmet r y of the wi ng , which 
was the center of rotation fo r al l tests . Because Gf var i­
ations be twe en i ndiv i dua l balance r ead i ngs , ~ t l east one 
repeat . test was made for each condit i on and an average of 
the in d ividua l measur emen ts was used to compute the co eff i ­
ci en ts . 

The tunnel a ir speed was 7 0 feet per second for tes t s 
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wi th O b/2 V = 0 . 25 nnd 0 . 50 , nnd 60 nnd 45 fee t por second 
fo r Ob/2V = 0 . 75 and 1 . 00 , respect ive l y . Th e Roynold s 
Numbers of the tests we re abou t 21 0 , 000 for the high e st 
n ir s~ood ~nd 140 , 000 for t he lo~est a ir speed . Pr evious 
t e sts shoued no appre ci ab l e change in scale effo ct for 
t hi:.> r [I.n g e • 

RES ULTS AI D DISCUSS IO N 

The d~ta ue r e convert ed to co eff ici ent form by the 
follo~ing relations : 

Cx 
X 

Cy 
Y Cz 

Z 
- = = qS qS q S 

C1, 
L Cm 

M Cn 
-!!--- = = 
'IbS 'IbS 'Ib S 

All coeff i c i ents are standard N . A . C. A . c oeff ici en ts .except 
Cm, uh ic h is b ased on the s~aninstead of the chord of 
the wing, ~nd it may be converted to the standard co eff i­
cieLt by multip lying by 6 . All c oeff ici ent s a r e g iven 
convontion~l signs fo r right spins (r efe r e nc e s 1 and 6) . 
The coe~fic i ents and momen ts a r o g iven abou t the 'Iuart er ­
chord ~o i nt of the lower su r fa c e of the wing . 

The c oeffic i en t s of long i t Ud in a l force i n . the earth 
system 0: axes CX " and of al l s ix components of the 

for cos and momen ts i n th e b ody system of axes are g iven in 
t:::blos I, I I , and III. Samp l e curv e s of CX'" C1,' Cm, and 

Cn are g iven in f i gures 3 to 6 . 

The d~ta a re bel i e v ed to be c or rect to wi th in the fo l -
10ITi ng limits : 

CX '" ± 0 . 02 

Cz , ± 0 . 02 

Cn , ± () . OO I 

CX ' ± 0 . 02 

C , ± 0 . 002 

Cy ' ± 0 . 0 1 

C1,' ± O. OO I 

Eo corro c ~ i ons have been made for the effe cts of jet 
bouuQnry , sc~l e , or int 8 rf e r ence of the bal~nce . 
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Y.~.rj:.~liQn_Qf_.lgQ_Q_QQi.fi_Qi.QnJ.~L~il1L.9,i.r.fQil_E.32QliQQ • .. 
The lonGitud i nal - fo rc e, c oef~ ici en ts CX" gene r a ll y de -

cr ease i n the o rd er N. A. C.A . 67 1 8 , Clark Y, N.A . C. A. 0009 , 
and l~ . A . C . A' . 230 1 8 ( f ig. 3) . 'ilhe value s of the roll i ng ­
moment coeff ici ents C~ generally ar e al geb raically l es s 
fo r the win g s i n th e fol l ow i ng o r der : IT . A. C. A. 671 8 , 
Cl a r k Y, N. A. C. A. 230 1 8 , a n d N. A. C. A. 0009 (fi g . 4) . The 
v a ria t i ons in Ct wi t h ang l e of attack , ang l e o f s i ~ eslip , 

and Ob/2V are ab out the same fo r a ll the wi ngs . Th e ab ­
solute values of th e p itch ing- moment c oeff ici ents Cm gen -
e r al ly decrease i n the o r der N. A. C.A . 67 1 8 , Cl a rk Y, 
B . A. C. A. 00 09 , an d B. A. C. A. 2301 8 ( f i g . 5 ) . The var i at i ons 
i n Cm If i th angle of at tack, ang l e of s i deslip , and Db/ 2 V 

are about the same fo r al l the wi ngs . Th e values of the 
y aw i ng- moment c oeff ici e nts Cn genernl l y decrease a l geb re­
ic ~l l y in t he o rde r Cl a rk Y, N. A. C. A. 67 1 8 , N.A . C. A. 000 9 , 
and r . A. C. A. 230 1 8 excep t at the low ang l es of at tack and 
at l~~ge v a lues of Db / 2 V, in wh ich cas e s t h e val ues fo r 
th e ~-T.A . C . A . 67 1 8 wing ar B the low es t ( f i g . 6 ) . The var i­
at i ons of Cn fo r oa c~ wing a r e smnl l with change s i n an­
g l e of s ~ des li p and nre somewh~ t l arg~ r n i th cha nges i n 
Db / 2 V. 

For the co eff ici en ts of all wings to be e xactly com ­
parable , the ang l e s of at tack fo r e ach wi ng sho uld have 
becn measu r e d f rom the angle o f zero lift and not from the 
chor d line . Th e fol l ow i n g coeff ici en ts may b e c o rrect ed 
to the abso l ute angle of at t ack by th e r e la t i on s 

Cx " = CXII at a, - 60, 
0 

C1, = f' [t t a, 60, \..)1.- -
0 

C = C at a, - 6 0, 
:no III 

C = C - " sin 6 ((' 
~o n 1..11, 

nhere CXII , C1, ' C
m

' and C
n 

a r e the value s g i v en i n the 

tabl es and 6 0, i s the ang l o o f attack for z e ro li ft mea s -
u r ed _ ro ~ ~he cho r d l i ne . Th e v a l ues o f C1, an d C 

o no 
obtain ed in th i s way TI ill be approx i mate , but the actual 
e rr o rs inv olved will be nogl i g i b l e . Th i s same me thod may 
b e used t o t r a n sfe r the da ta to a irplane axes , s i nco tho 
u i ng is uGual l r Get to g iv e some lift when the th rust lin e 
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of the airu lane has zero an~le o f attack . For this case 
6a will b~ the angle betwe:n the chord line of the wing 
and the thrust lin e when the wi ng is set to g ive the re­
qu ir e d lift . 

ANALYSIS 

5 

The d a ta were analyz e d to show the effects of some of 
the imp ortant pa rameters on th e spinnin g characteristics 
of an airplan e using wi ngs sim i lar to those tested . The 
method of analys is with the assumpt i ons use d a nd th e errors 
involved is g i ve n in ref e r en c es 1 to 6 . 

~~~QmQi~~§ .- The c haract er is t ics of the part icular 
airp l n~ e det e rm i ne the values of win g loading , aspe ct r atio , 
r ~dii of e yration, and p itching moments . The char a ct er i s ­
tics o ~ airpl a nes h~ve chan g ed app reci ab ly since the inves ­
ti ~ ati o n r e p o rt ed in rcferenco 1; therefo re, in the present 
an~lysis th e two set~ of paramete r s g iven in the table (p . ' 

, 6) ryere us e d . . The previous values are the same as those 
u se d i n referonces 1 to 4 and nre i nclud e d to al lo , the re­
s'.llts in th i s report to be compared ':' i th the earl i or in ­
v es ti g ati ons . Th e p resent values ~ r e used to cover tho 
ran~e f o r p r e s e nt - day airp l a n e s . 

Til e valu e s of cove r the range fo r airplanes that 

1 2 , 8 

b2 

(k~2-=-k~2) 
normal l y spun . and are The ear ly values of 

:::Z __ =_::Y_ 
2 2 the r ange fo r the 11 ai r p lanes g iv en in c o ve r 

l::Z - k X 

r e f e r en ce 7 . 

I n e ac~ set , al l the parBmete r s were varied , one at a 
tim e , u~ il e the oth e rs we r e k e p t at the mean v alues , ex­
c ept C1 , which 7las set equal to C

X
" for all cas es . 

~n,,§,.Q..12&~iQ!LQf_~Q§gliE._QLQ.D:glYJliE...!. - Th e an g 1 e s 0 f 
side s lip a t ~ _. ich t h e p itc~ing a n d the r olli n g moments bal ­
Rnce i n a s t e ady cp i n a~ d th e yawin g mo ment that must be 
furnis~ed by the other p ar t s of the a irp lane to bal~nce 
the in e rtia coupl e s and th e wing yaw i n g moments are plot­
t ed ~;ainBt t h e fi r st set of p aramete r s in fi f ures 7 to 14 
an d aGa in s t t h e second set of paramete rs in figures 15 to 
22 . ilaR~ t iv e valu 0 s of Cn required show t ho amount of 
Y ~7 ! n~ m o ~ e n t oppos i n g the s p in that must be supplied to 
b a l ~nc o the r o sult a nt aid i ng nomcnt g ivcn by the wings and 
th o i ne rti~ c oupl o s . It is obv i ous t hat , in orde~ to in ­
sur e a~~ i n st a dqn ge r ous sp i n , an additional opposing mo ­
mont hllst b e sup p lied as n ma r g in of safety . 
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P ~r~r.e t crs Pre vious v a l ue s Pr esent v~ lue s 

Sl ope o f o. csume c 
mom e nt curve 

p itchi ng - 0 . 00 10 , 0 . 00 15, 
( O . 00 20 ) ~ , 0 . 0025 , 

Pitch i ng - momen t i ne rt i a 
p[1. r a met c r 

b 2 
------ -

r 2 2 
1... z - kX 

Rel [1.t i v o ~ eil s i ty of 
a ir p 1 Ie n e t 0 :'.. i r , IJ. 

(_!.ll_\ 
pSbJ 

[1.nci 0 . 0030 

60 , ( 80 ) 11. , 10 0 , 
'1ne. 1 20 

2 . 5, ( 5 . 0 )a , 7 . 5 , 
and. 1 0 . 0 

Rolli n - .::.nd y c:tyli ng- 0 . 5 , ( 1. 0 ) [1. , 1. 5 , 
mo men t i n e r ti o. p[1. r ame t e r o.nd 2 . 0 

~~~=~1~ C- B\ 
2 2 c=x.J 

0 . 00 1 0 , 0 . 0020 , 
( 0 . 0030 ) D. , 
o . 0 040 , o.n d 
0 . 0050 

40 , ( 60 )[1. , 80 , 
an d 1 00 

2 . 5 , 5 . 0 , (7 . 5 )[1. , 
1 0 • 0 , 1'1,n d 1 2 • 5 

0 . 15, 0 . 30 , 
(0 . 50)£'. , 1. 0 0 , 
a n d 1 . 50 

k Z - kX ~ 
. f' -" ~ . i . 1L. t COO._I lC _Ol1 t , C1 CL = 0X II 01 = 0XII ------.-----__________________ 1. _______________________________________ _ 

[1. v n l ues i n ~) D.l' o n t D.eses :<. r e me£'.n va l u e s of t he pa r[1.me t e r s . 

A = mkX 2 the mOr:10 nt o f in e rti a a bout the X a x i s . 

B mkv 2 t he mO'"'len t of in e r t i a a1:Jou t t h e Y ax is . = , 
.L 

° mk Z 
2. t h e mo ment of in e r t i a a 1:J ou t t he Z D..x i s . = 
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I ncreas i ng the p itchi ng - mome nt parameter ~=-~l!L __ 
a - 20 0 

7 

i ncreases the ae rodynami c d ivin g momont . An i nc re ase may 
b e ac co m~l ished by i n creasi ng the area of the horizontal 
t a il sur faces , putt i ng th e e l e vators down , or moving the 
center of ; ravity of the a irp l ane fo r ward . I n creasing the 

b
2 

p itc h i ng-mo men t in e r t i a paramete r -k-2 - -----2 decreases the 
Z - kX 

inert i a p itching monen t, which has about th e same effe ct 
as i nc r easing the aerodynamic p itchi ng momen t . An increase 
may be a ccomplishe d by incr easing the a sp e ct r at io of the 
wi ns or by so d i s tri buting the weights in the airplane tha t 

k Z2. - k /' will bG reduc e d wi thou t chan g i ng th e r atio 

k
Z

2 _ ky 2 

--2----2 · 
k Z - k X -

I ncroc-s i ng 
- c _ ____ !!l __ 

a - 20 0 
or 

2 2 
k z - kX 

algebraical l y de -

cr eases the s ides li p (ch ange s it in the direction from i n ­
w~rd tou~rd outwar d ) fo r a ll wings and all parameters us e d . 
(S e c f i gs . 7 , 9 , 1 5 , and 17 . ) Th e rate of change of the 
sidesl i~ depends u pon t he angle of attack , the airfoil sec ­
t i on , and the othe r p ar am et e r s used . Th o effe ct of i ncr ea s -

-C • ill ln g ----- - -- o r 
q., _ 20° 

b
2 

- - ----- - -
k Z

2 
- kX

2 
on r equired i s about the 

s~me for each wing with ea ch s e t of pa ram e t er s . With the 
first s e t of pa ramete rs tho ~lgobraic v a lues of Cn ro -

- C b 2 
q li::.' od ;,;o r~c r al ly d e c rease as ----!!!-- and -----'----- in-

a - 20 0 k Z
2 

- kX
2 

creasb ( f i g s . 8 and 10) . Wit h the se co nd set of paramete rs , 
- Cm 

Cn req~l i red incr eases to a maximum at .3. bout -------- = 

0 . 0030 ~~d then gene r al ly de c reases as 

further (fig . 16) . 

a - 20 0 

_:'~rrL___ increa se s 
a - 20 0 

Tho p~rarne t e r ~ may b e in c reased b y i ncroasing the 
w i ng load i ng o r th e span load i ng and by f l y ing a t hi ghe r 
alt i tudes . I n cre a sin g ~ al ~ebraic al l y increases the 
si a esl i~ fo r all wings with both sots of pa r ame ters . the 
rate of change be i n g very lar ge when ~ is l ess than 5 . 0 
( f i g s . 1 1 ~nd 19) . There i s ~ s li ght t ende ncy fo ~ Cn to 
incr ease algeb raical ly wi th ~ ( f i g s . 12 and 20 ) . 
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~hG ro11 i ng - nnd yCtw i ng - mo~8nt in e rtiCt parCtmet e r 
k 2 _ k 2 

Z Y 
--~-----~ may be i ncreased by mo vin ~ w e i ~h t fr om th e c en -
k Z - kX 

t e r of ~r~vit y out nlong the win ~ . I ncre~s ing th is par Ctm ­
e t e r Ct l ~ebraic al ly docreasos tho s i des lip ex c op t fo r tho 
N . A . C . A . 000 9 and N . A . C . A . 23018 win gs Ctt 50 0 , 60 0 , and 
7 0° ~n~le of at t a ck . Th e r ~te of docreCtse i s roates t for 
thn Cl.::1 r k Y and N . A . C . A . 6 71 8 1'T i ngs ( f i gs . 1'< and 21) . 

_k _Z_2 __ - _kY_2 
Tho ~lccbr n ic v ~lu e of Cn decroCtsos as 2 2 i n -

k z - k X 

c ronGe s e~ c op t for th o N . A . C . A . 000 9 a n d N . A . C . A . 23018 
nines nt 50° , 60° , nnd 70 0 rngle of at tack . Th o rate of 

2 2 k z - ky 
c hanoe of Cn wi th -·-2-----2 is largest for the i' .A . C . A . 

k Z - k X 

6718 wing ( f i gs . 1 4 and 22 • 

The resul ts show that , gene rally , the algebraic value 
of the sides li p will inc rease fo r th e wings i n the follow­
i ng o r de r : N . A . C. A . 0009 , N. A. C . A . 2 7 0 1 8 , Cl a r k Y , and 
N . A . C . A . 6 718 . It is inte r est i ng to n ot e that the amount 
of ambe r of the wi ng s ec tion s incr eases in this same o r ­
de r (:!' i ~ . 1/ . I t ap:oears , then , L _at the s i desl ip i s mo re 
dependent upon th e c ambe r than upon the th ickness of the 
'.'1 i ne; .L ' se C vlon . 

The ~ene r al indications are that th e a l geb raic values 
of Cn r equ ir e d decrease in the follow in g o r de r : N . A . C. A . 
2 ~ 0 1 3 , IT . A . C . A. 0009, N. A . C . A . 6 718 , and Cl a r k Y whe n 
,2 l.r 2 
K Z - --Y 
-- --.~ .------. a 2 
k z - k X 

230 1 8 . Y . A . C. A . (009 , a nd Clar k 

is ,c;re&te r th 8.11 1 . 0 ; a nd N . A . C . A . 6718 , N . A . C. A . 
2 2 

Y wh e n ~.z_=-_~~'y_ i G 1 e s s 
2 2 

k Z - kX 
th .",n 1 . a (l' i ~ s . 8 , 1 0 , 1 2 , 1 4 , 16 , 1 8 , 20 , c.nd 22) . The 

~~~=_~1~ 2 2 is g reater 
k Z - kX 

r easo n fo r the o rd e r to ch ange whe n 

or loss thCtn 1 . 0 is that the i ne rti a ya:vin ,~ momen t chan ges 
s i g n c.t t~nt v a lue . 

fr.Q1iQl i 0 XLQf_lhQ_..QQlrrnln~_.~h~.r !J,.Q.1QKi.§.11 .~..Q-Qf-B;rLQ,i.r:: 
RJr~QQ_i~Q~_1hQ_QQQ1~~~~ , - Predi c t i on of tho sp i nn in g c har-
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act e ristics of an airp l ane in wh ich any of these monoplane 
wi ngs is used depen d s largely u po n t he ae rodyn am ic yaw in g ­
mo~e nt charact e ristics of the pa r t icular airplane . Th e 
v a l ue of On requ ir ed , as g iven i n th i s rep o rt, is numeric~ 

ally equal and of oppo s i te s i ~n to the su m of t h e wing yaw ­
i nB mom on ts and the in e rti a coupl es . At a ny ang le of a t ­
t~ck , ~hen this value of On is supp li ed by th e empennage, 

'fuselage , ~nd inter fe r ence effec ts a s t eaey spin wi ll r esult 
prov i ded that the equ ilibrium is stab l e ; for any ot_or v a lue 
of On the' a irp l a n e will not sp in P. t that attitude . I n or -

de r to i nsure aga i nst a steady sp i n in any attitude, a v a l ue 
of On o~pos ing the sp in must be p rovid ed that i s larger 
th~n ~ny ~t t ainab l e value o f On requ ir e d for that p articu~ 

I n r load i ng conditi on . Th e ya~ i ng moment supplied by the 
e~penna"o , fu~e l age , and inter fo r e nce effo cts depends u po n 
th o sides li p , the s iz e and shnpe of the fuselage and tail 
sur f~ces , the lo cation of the ho rizontal tail su r faces with 
reGpect to the fusela~e , f in , and rudder , th e amount of f in 
area ahead of the cent e r of g rav i t y , the i nt e r fe r ence ef ­
f e cts betwee n the wi ng and t he rest of the air p l an e , and 
tho limit s of the con trol mo v ements . Da t a on some of th ese 
effects are repo rt ed i n r efe r en c e 6 and i n r efe r en c e s 8 t o 
1 3 . The geomet ry of the sp in in d icates that the v e rtica l 
tail surfaces should be come more effect ive in producing a 
YE'.\, i ng inoment oppos in g the s p i n as t h e sideslip becom es more 
outwa r d . Fin area ahead o f t h e c en t e r of grav i ty ~ ill ~ iv e 
y uw in g mo me nts a idin g th o sp in i f the sidesl i p is outward . 
(So e r efe r en ce 1 2 , f i g . 2 . ) 

I f the va l ues of On fo r a ll parts of the airp l ane 
wore knorr n , t~e p r ed iction Oi the sp i n wo u l d depend on the 
~ l~eb r u ic sum o f the i nd ivi dual value s o f On for each 
part for ea c h angl e of nt t ack . In any est i ma te, fo r no r mal 
ai r~l~nes , i t will b e found that a change in some factors 
will c]::'.nE;o the ya\, i ng r:lOmen t f o r some p e rts in a sense to 
o ppose t~8 8~in ; whe r eas , for o the r par ts, the effect will 
be r eve rsed so that the m~g~ i tude of th e c hange in On fo r 
oe h p~r t ~U Gt b e con side r od . 

The a irp lane leas t l i ke l y to 
having l ~ r gG n l geb raic values o f 
a l cebrnic v~lues of s i desl i p . 

sp in i s on e wi th a wi ng 
en required and small 

mhc fo r ego ing d iscuss i on ~hovs the manne r in wh ich the 
vnlue of On g i v e n b y the fuse l a~e end ta il su r faces mny 
b e oxpe ct ed to vary wi th sidcsl i p . 
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The r esu l ts of the analy s is indic a te that t he Clark Y 
wi ng , i f used on a conv e ntion a l mo no p lan e , woul d always be 
mo r e Ii bl e to g i ve a dangerous sr i n than some one of the 
three rings invest i gated . The N . A . C . A . 0009 and the N . A . C.A. 
230 1 8 ~ i ngs uould gene r a ll y be e qually good . Th e N . A . C . A. 
0009 wi ng usual ly g ives a lowor a l sb raic v a l ue of Cn re -
qu ir ed thar. the N. A . C. A . 23018 win g but i t a lso has a lowe r 
a l geb raic value of si~es li p (more outwar d ) . Tho N. A . C . A . 
671 8 r in g may be supe rior to the oth o r wi ngs i nve s t i ga ted 

2 2 
k Z - k y 

when the v~lue of --~-----~ i s l ess thnn about 0 . 6 and 
k Z - k X 

(1) t_c a irp l ane has lar ~e fin area ahead of the c ente r of 
grnv i ty or ( 2 ) the fuselage and tai l a r e so a rr anged that 
the chango i n yaw in g moment wi th s i des lip is smal l . 

CONCLUSIONS 

The follow ing conc lu s io ns arc in d icated by th e ana l y ­
~is p resented fo r a co nvent i onal monoplane havin g a r e c ­
t ancul~r wing with r ounded ti~G : 

1 . A monop lane h a vi ng e i the r the N. A . C . A . 000 9 wing 
or tLe il . A . C . A. 230 1 8 wi ng appears to be less liable to 
spin dangerously than wi th e i the r of the two othe r wi ngs 

2 2 
k Z - ky 

test ed exceu t the N . A . C . A . 67 1 8 wi ng when --------- < 
2 2 

k z - kX 

ab out 0 . 6 and tho yaw i ng moment p roduc ed by the fuselage 
and ta il su rfaces do es not change much witl sideslip . 

2 . For a ll co nditi ons i n v est i gate d , one o r more of 
the threo 7i ngs tested was always supe ri o r to the Clark Y. 

3 . The al geb raic value of the sidesl i p requ i red fo r 
equili b rium i n ~ sp i n i ncreases (change s f ro m an outward 
to nn inwar d d ir e c tion) as th e camber incr eases . 

Lan ., l ey Memo ri al Ae r onaut ic a l Labo r nto ry , 
National Adv i sory CO llm itt ee f o r Ae r onautics, 

Langloy Fi o ld , Va . , De cember 23 , 1937 . 

I 

-----~ 
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