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By Wi l h elm Schmidt . . " . 0; 

Notation 

path axis, tangent to the path of the C.G. of t~e 
ai rplane. 

lift axis, perp,endicular t o path a xi s x e.nd in 
symmetrical p l ane of airplane. 

lon g itudinal axis of airplane . 
normal axis of airplane. 
lat eral axis of airplane. 

All axes p ass through the C.G. of the airpJ.ane; 
their directi o n ~s p ositive in the sense of the 
arrows of Figure 1 • 

.. . 
air speed of C.G. of airplane . 

t(m/s 2
) . time rate ' of chang e of v. 

~ (0) g l idi ng angle; angle between path axis x and 
. its pr oj ecti on on the ho riz.ont a l p l ane ; p ositive, 

when the airplane clim~s. 

~(l/s) time rate of change of ~; a lso rate of turning 
about la'ter a 1 axi s !" as long as t hi s remains 
horizont al; posit i ve uhen , viewed i n the direc ­
t ion of p os it iv e z axis , it acts cloc~wise 
ar ound it . 

angle of attack ; ang l e between longitudinal axis 
x and p at h ~xi s x. 

_._----- --- ---:- _ ':"_-. ---.- ---:----------_.---.. _----- -. -. 

*"3eitrag zur Entwicklun g aines aut orRtationsfreien steil 
landoaren F lugzeui~es . " Zoi.tsc~~.rift fur Fl l.lgte chnik U:1G. 
Mo torlui tschi ffahrt, Sept. 28 , 1931 , pp . 546- 9, and Oct. 
1 4 , 1931, pp. 569-578. 



2 

t i roe rat e :: oC : chalH~e·.· .tif. ··-.:a.; ':::" ~Hnj ': :t."'a t a of tur :,1-
i ng about 1 at era.! .... ~~i l? • .!; p o si t i vo when vi o wo d 
in the direction of p o s itiv~ ~ axis, acting 
:Clbc:~w:t.se :.· -;·:-: :.:1'.' . ;:-'~ .. ... : .... -:::' : .. :. : ~: ~._:.;:: " . __ .. , 

Ox 1 { r at e ·' o t> t.u.:r:rH ng " ar ou.nd :·:·. ~l~e :~r. e sp e c t iva axi s 

/ 
denoted by subscript; pos itive when clock -

O~l (1 s) wise, as ~ s een ~ in . ~ o ~itiv ~ ~direction of th e 
Oz respect ive axis. 

O,ZO/S2) time rate of change.: of .'·Oz' 

g(m/s2 ) 

'Y(k g /ro 3 ) 

q(kg /ro ~} 

G (kg ) 

F (ro2 ) 

b (m ) 

tl (m)' 

ta (m) 

a (m) 

acceleration due t o gravity . 

specific wei ght of air. 

dynanii c pre s sure ' = .: . Y...:. · v 2 • -

. '. :' .: .... 2 g . 

airplane weight, 

wing area. 

wi n g span. 

chord at center o~ wing. 

.... ; 

chord a t distance 
of the airplan~ • . 

a f r om the symmetri c al p l alle 

di s tance of C.G.· b~longing to wi ng elem~nt 
6a from the symmetr ic a l p lane . 

t . 
D. 

J~ ( mkgs2) mo ment of inertia of airp l a n e ab out lateral 
ax i s ~. 

FHCm2) 

FQ, Cm2
) 

LH (m) 

Lq, (m) 

• I'~ 

area of horizontal tail sur f aces . 

area of ai l erons . 

distance of c . p . of air load , acting on n ori­
zontal tail su r f aces , f rom lat eral axis z . 

distance of c.p. of ai~ 16ad, a~ting 'on a ilero n , 
from lo ngi t .ud i nal. axi s ~ • . 

~ ' . . 
. 1 ' ,- . ' 

., 
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setting of horizorita1 "tail surfacea. 
. ',! '.: .... 

aileron displacement~ ".' " 

The subsequent c oefficients of the air lo ads 
. and moments have been obtaLled. -by dividing the 
. corresp onding ' air lo gd s and DODents by qF ~in 
and qFtl (ill mkg). 

lift; p ositive" in p ositive d irection of lift 
ax is · ~l · 

drag ; posit i ve in negative direction of patll 
a~ci s x. 

-) 

~ 
n ormal force 

normal f orce of aileron J 
t a n g e n t i a1 f o r c e 

' t angent ial f orce of 
ai leron ' 

", l 
. 

( 
I 

..J 

p osit i ve in ' positive 
direction ·, o f normal 
axis y. 

' positive in neg~tiv8 
directio~ of lon~i-
tudinal axi s 

c m · moment -ab out · le ad i ng edge of wing. 

M o f ' ~h ole airp l nne I 
moment · of wing al one 

mODe~t of lon gitudinal 
m,::, r faces 

tail J 
mome n t -I 

ai l er on momen t J 

abou t lo ng i­
t u din a. l axi s 

x 

ab out 
no r mal "' 
axi s z 

All mo- ents a re p ositive when Ol) :D osi ng a l) osi­
tive rotation a r ound t h e co~resp 6ndin g axis . 

3 

I f t he ang le of attac~ of a n air~ l~ne exc e eds th~ t 

for maximum lift, it n o longer r,l ov es s o,f ely in t ~lC air 
but ~ oc~~so of a suit ab 19 aSYffimct~{c ~l iistur hance , ·s h ows 
a tendency to sideslip an 0_ to ·g o int q.. a sp i n . (Rc·ferellce. l .) 

This sideslip and en try into a sp in is not d a n g ero u s 
at g reater heighi s (references 2 and 3),. bu t beco mes ex­
ceedingly so in the vicinity of the g ro und . (Referenc e 4 . ) 
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This exp lains . the persistent ' ef;forts y!hich have been ma9,e 
for some time to make sideslip di ffi cult . In fact , it 
may be prevented altogether if ·care. · j s .. ~aken . i n the wind 
tunne l to p revent autorotation. (Reference 4.) 

., . 

Attempts to render auto r:o.tat :i"911 d:if f icul t, include: 
The us e of so-called ba l ancing · s19ts on t~e 'tDP side of a 
wi ng , adjacent to and parallel;to . the leadi ng e dge, ex­
tending onl y over the wing ti p s, the corresp onding slots 
of the ' left and ' right wi -ng tips being' connec ted by pipes. 
within the wing. The rate of rotation of such a wing is 
lower than for an identical wing without ' ~iot ' ~ (re f erence 
5), a l t .houg h autorotation cannot be p l'evente d al t ogethel' .• 
because the compensating pipes offer resi.stance to the 
equalization of p ressure , which cannot be overcome save 
by a ' p 'res'sure ' d ifference , i . e ., a n exisitng · ro.tation, un ­
less the resistahce of the co mp ensating pipes be elimi - ' 
nated • 

. ' Equipp i-ng an. airplane wing wit.h a n auxiliary Wing ,-".. s 
wide as the main wing but with onl y on~- third its chord', 
and w:-n i .ch is adjustable around an axis parall e l to the 
leading e dg e of the wing, lowe rs the autorotation consid­
e r ab l y (re fer ence 6 ) if the auxiliary wing is given a 
smaller angle ~f at·tack .than the main wing. In this case 
the drag pertaining to low lift is comparative l y great; 
hence the wi ng is unsuitable. for ordinary f li ght . :But u it h 
the auxiliary : wing at a g rea t er ' angle ' tha11 the main wing, 
tne total d ~:8.g ··app roximate s tha t f or .the main wing a lo ne , 
i.o., tho wing can be used for ordinary 'flight a lso. 

Experiments on a monoplane wing with swe epback nave 
shoi7n (reference 7) that ·the r ate of autorotation is re­
duced by increasing . sweepback , but at the Same time it 
lowers the maximum lift . Au.torotation d id not . cea,s e en~ 

tire ly below a 30 0 sweepback . The respe ctive max i mum 
lift was relatively low and wa s c o mparab le t o t:'::lat of 8. 

c onvent ional ' Ning wit h t h in symmet ric a l pr ofi le. Such a­
wing is unsuited f or ste ep landing becau se of the too lou 
maximum li f t, as we shall show lat e r o~ . 

If the wing tips' are so conptructed a s to be r o tata­
ble as a wh~le, around an axis parall~ l t o the l ateral 
axis a nd c an always orient a te themselves in the direction 
of the air f low , on e sp e a.ks o.f "flo at ing" wi+1g ti3) s. If 
such wing tips rotata easily and arB tJU ~ ab l e t o fol l0 7 
the le E st . cha~,e ~n u i nd di rec t ion, t h eFe ~s ~l~pst COffi-
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p lete symEH~ try at , the ,tipl'l, eye:t1 ",d:u..ring e;q.t Qrotat;i.on.; h e nce 
the ~ ff ~ct of suc~ , w ing . t;i.p i , p ij v ~~~ 6~ot ~t~6:t1 i~ practi­
cally nil. Q,ui te 'o f ten , the ir: : re 4 i " pp.r p o SE) is sqmetlling 
else; they are rather visu~~i iea. ,· a ,9 ' ail ~r op.s ' (~ef~rence 8 ) , 
wh ic4 rem~in e f feGtive eyena~ grea~ ahgle~ ' o f at~ack 
(refer~nce ' g ) and which ar~ in~en a e~ : t6 o~P Q se any , deve l­
oped autorot a tion . (A detai l ~d ' discus~ ion f oilows ' e l se ­
where.) On the other hand, desi g ning t:a~ vd~:g tips s~ 
that they f ollow any change i n a ir fl ow on l y very gradu21-
ly, may render the entry of aut orot a tion very difficult 
an d cvenprevent it altogether under cert a in ~ircumstances, 
pr oviding the necessary interference in t roduced a s i niti a l 
rotation is small and l a sts onl y throu gh 8 short p eriod. 
Of cour se , it would have to be borne in mind t h at at th e 
grc Bt an g l e s of attack incident a l to a steep l andin g , th e 
f lo ating, ~ ing t ips would a ccordi ngly haye to be jus t as 
strongly adjustable if they are to orient at e themse lve s 
in the direction of t h e air f low . 

It i s gen e r ally agreed that a ut orqtation depe~ds p ri ­
mar i 1 yon the pro f i 1 e s 11 ape 0 f the win ~ a~1 a. t 11 at it s 0 c -
currence is p reclud ed when the curve of the no r mal ~orce 
co e ff ici en t' c n pertaining to each wing element parall e l 
to the symmetrical p lane of the a irp l ane increases conti n ­
ually a nd evenly in dep e ndence o f the angle of attack . ' 
(References 2 and 6 .) The ~onoplane wi~g , to which t his 
report is co nfined , ha s very app ropriate and there f ore ~' re ­
quent l y used thick , we ll ' c a :nbe r ed p ro f il es , but shows, 11:1 -

f or tunate ly, a very unf avorab le c n ' curve in this resp ect 
and is, in con nequence , unsuited to preve n t auto rot atio n . 
Happ ily, t h e ;7ing center does not c011tr i bute mu ch to a u to ­
rot at ion, so t h at it is onl y nece ssary ,t o ne o to it t'hat, 
above all, the c n cu~ve fo r the wing tip s i n creases as 
near l y as p o s ~ble con sistent l y a nd un i form l y , whi l e t :ao 
center of t h e wing may , t o e~sure a h i gh total lif t, b e 
g ive n a th ick , p ronounc ed b a mber. 

In th e following we d evelop a 11011- Em torotating mono ­
plane win g . The cond.itions imp o so d on s '\.l.ch 8 . Y7i n g , a.side 
from its f r eed om fr om autorotati on, with resp ect to its 
polars a nd its construction, are t a k on i n to account a s 
far as p o ssib le. 

It is i ndi cated t hat the 8.utorotation c haracterist i cs 
o f a wing are dep e nd. e nt upon t ~1 e" s pe e cl of F.'.ir fl ow (r ef er ­
ence 1 0) as well a s on the . an g ,le or yaw . (Refere n ce 7 . ') 
At the begi rining o f sideslip,'uhich is almost synono mou s 
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wit h ~:\,;, t ~ r '0 t i3, t i ~ n' " an d.' ~ wit:h "w h i ~ h wear e c on c ern e d , he r e '~ 
th~ ~ ~rt~ie , ~f i~~ ! i~ : ~~ail (feference 4), s o thai , it ~~y 
be d~ steg.?rde~ _.r~l" " the ~re~~l}~ . Tbe change in e,i.ltor<?ta­
tibn propetti~~ induced by a ' chang~ in wind ve lo c i ty ', i~ 
U ... k~.w~ 'se of ~., finer ,' type " anf t11erefore ignored . ' Up on: ' elir.1-
ina~~on .. o f autor_o~~ti o n and ~ ', through ' i t , t'he danger ' of ' 
stae$lip , , the airplane can b~ flown at a great angl~ of " 
attack:' bY " using a sp e cial contro l ; ' a~d li~e~is e be ~ l~~d~~ 
~t a , v~~y steep a~gl~, to reduce th~ lan~ing run ~ , 

oe • :. 

.. . "'. . _..'-r' . \ . 
, ' Tli'~ ,', Present investigat ion posti.llate~ the kn ,o ~v l eq.ge of 

the b~h~Vior of cer t a i n c o nvent~onal wing~ o f diffe r ~nt 
cliords ~, and cambers wi t h respect to " the ir ai,r " load~,~t " l arge 
angles of attack . This , , in par ticular, ' a-p-p l ies : t o ti\.e ' 
curv~ of the normal fo r c e ' coefficten~ ' cn~-with r~spect , to 
the angle of at~ack , ahd to which ' ~e,subs~quen~ l Y ret~r '_ 
briefly 'as the c n cur ve.. Sinc~ the data ' on tp.is ' , ~1 : ' 

curve at angles up t o a'= 90 0 ' we r e l imit ed t o veru few ' 
wings, the alr~ady avai l ab le (referen ce 11, a) data up to 

- 20 0 were supplemented by the measuremen ts on a large r ~um­
ber of c onventi onal wing se c ti o ns with Joukowsk i profile, 
and in part i cul ar , for f our typ i cal wing s (fig . 2) .' witH, 
differep t thickness/camber rat io (d/I) to the ' appx< o xi' - , 
mat ely ,half ' chord ' 1, ~ Thickness a~d ' camb e l,' are exp l ai,ned. 

, ' It , - , 
in ieference l l, b . The tests , conducted in the Gottingeh 
wind , tun~el at 31 , W/s (101 . ~ f~ ~ /~~c . ) wind ve l ocity , , " 
r a n g e 0 v era = 20 t 0 a = 50 0

. ,' Sin c eat 1 a l' g e an g 1 e s 
the air loads 6ri ¢6nv~nt~oti~1 ~in~~ show n o essential dif ­
ference from one anothef a~a , m~asurements be70nd 50 0 ~ould 
nave entailed a re~rrangeDent of ~be models , we stoppeg 
at 50 0 and compared the air loads for angles bey ond 50 
with those of wings air~ady ~e~ted . The measurements i~­
cluded li~t , drag and moment aro~nd the leading edge , as 
shown in Figures 3-6 , along wi th the computed norDal force 
coefficient :~ lotted against a . T' e th i nner and flatter 
the p rofile the better the continllal rise of the c n 
curves . 

Test Wing No 1 

The wing tips in Fi gure 7 e ~ ince , in' ordet to prev ont 
autorotatton , an appropriatelJ;" tbin , Gymmet ri cal :9rofilo 

, gradually me r ging into ' ?- thick , heavi l y , cambereC\ high lift 
section towal~d, the, cE;)nte r of ~h~ wing . , All profi l e c'~!_ords 
are l') arall~ l'; :t 'o one anotl;1e'r . Le.ter , I le3-rned , that ' a sio­
ilar wing, ilthough designed for different purposes; ha~ 
been described e l sewhe r e. (Reference 12 . ) 
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To eval uat e the autorotation cha racteri stics of a win g 
one mere l y needs t o know t h e Doment s ab ou t the long itud i­
n a l ,ax is s et up by a rotc.tion around the pa t h axis , which 
is , CL COin}) arat i vely , e as;)' mD. t tor . Through cut s p a r a l i e1 to 
the symmetrical axis of the airp lan e the wing is divided 
into a number of c o mp one nts havi ng a C. G. di s tan ce a : ro D 

" the symmetrical p l ane, a span 6a , and a constant chord 
ta wi 'th , in a ddition, cons"tant p rofi l e. Til e ~ O x coef ­
~ici~nt " of the moment about the lo ng i tud in a l axis i nt~ o ­

duced by a rot ati on Ox about the p at h axi sis 

with 

-1._ __ L._ "1 
K = 2: cna ta atal - Ox Ft l cos 2 /:, a 

r (1 ) 

6a = arc tan 
a Ox 

v ..J 

and c na a s coefficient of the nor mal force f or one com­

ponent. This varies along the wing span and c an be d e­
fined as appr o ximate l y e qual to the coe ff icient of a nor ­
mal wing with corr e sp ondtng profile~Of these , p ro fi l es 
3 to 7, in Figure 2 , are v ery much a li k e , so that the cor ­
res~ ond i ng normal f orce coe ff icients may ' b e taken f ro m 
~igures 3 - 6 . The no r mal f orce coe fficien t f or p ro fi les 1 
an d 2 wa s assimi lat ed to t h e others . 

Fi gur e 8 shows co effi c i en t Kf2x of the c a l cu I at ed 
moments ab out ,the long itudin a l a xi s p lo tted against 
bO~ , 

with angl~ of at tack as parameter . The corr esp ondin g 
2 v , " 
wi nd- tunnel data a re g i ven in ,Fi gur e 9 . They we re directly 
measured as ,moments ab out ~he lo ngitud i nal axis , thus 0 0 -
vi2.ting extrapolation . Tbe ai r . s pGed "{faS 30 mls ( 98 . 4 
ft . /sec . ) . Figure 1 0 depicts the ~irtg , m oun ted on a nove l 
[(l omen t b a lance i n t h e Ga tti. ngen wi:ncl. ,tunl1e'l . A comp a:'i SOll 

o f t~e ~omputed with the exu eri n en t a l ,f i gure s revealed the 
~hape of th e curves in fa. irl y .good 'ag re ement , but of less 
satisfactDry accord in absolute value s . Whereas , theoret ­
ic a lly, only p o sit iv~ ~~ments occur , i . e ., Do ments O~} O S ­
ing a p ositiv ~ rot at ion , de~arring ~ntry of aut o r o tation , 
exp erimental l y , negative r,lOments arc al \7D.;Y~ p resen t wh ich 
acc eler a te an incip i ent ro tati on and faci lit'ate aut oro ta­
tion . 

Figure 11 discloses the coe f f i c i en t ,s o f l i f t, drag , 
and momen t 'arQund the le ad ing edg e of the wihg p lo tted ' 
against the angle o f attack as ob ta i ned at 3D mls o.i r sp eed . 
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In a~dition to the wing polars with progressively 
varying profile over the span, Fi gure 12 a l so shows the 
wing p olar for the Junkers A 35 typ o low monop'lan.e: wing. 
At the low lift of ordinar.~' fli g ht the drag' of the- tested 
_in g was considerably greater than that 'of the other . Al ­
though the wing drag itself is only a third 'of that of .the 
whole airplane, we shall strive neverth~less to reduce the 
comp aratively high drag for 10\'1 lift , 17hich is d.ue to the 
&till unfavorable distribution of lift over the s p an. (?ig. 
13.) Because of this lift distribution there is introduced 
an a dditional flow in the direction of the l a toral axis 
which sets up violent eddies over a large p ortion of the 
span, such as ocdur only at the tips of a wing with con­
it a nt p rofile, thus making a high drag inevitable. The 
f ormation of such eddies may be reduced by making p rovi­
sions, a s shown, that no additional flow in the directi~n 
o f the lateral axis can occur. 

Nor mal Force of a Wi~g with Thin, Symmetrical Profi l e of 

a Flat Plate and of a Lattice 

In ~ddition to the ab ovo~montionod thin, ' symmetrical 
section, we f urther examined sever a l otb.ors which are p ar­
ticularly well suited to render autorotation difficult. . . . 

Fi gure 14 shows the nor mal forco cooffi6ient for a 
nor mal . 17ing wi th tp..e t .hin., . s ymmetr.ic·al Ggt t ingen norm a l p ro­
file No. 5 37 p lptted against the an g le of a tt ack , and be­
si~~s, the cri ~ curvei (reference 14) lor flat ' plates with 
~i ff erant · asp ~ct ~atio. It i s s e en t ~at the flat p l a te 
and the thin p rofile, as regards their cn curve, c a n b e 
'interp reted as approximately equivalent; that,. moreover, 
the re sp ective c curve is materially influenced by as­
p ect ra t io t:b ~nd shoWS an almost consistent rise u p t o 
about a = 90 0 only when t:b < 1:5. It is far removed 
fro m the desired uhiform rise. 

By dividing a wing with thin symmetrical profile 
through cuts parallel to th~ leading edge, into an uneven 
numb er of identical parts and then removing those that 
a r e e ven- numbered, we obt a in a wing somewhat as se e n ' in 
Figu re 15, which may be called a thin , symmetrical . p erfo­
rate d p rofile. Such a wi nG is very mu.ch like a lattice. 
In ? i gure 14 a p art of the p rofile belonging to a rectan-

, 
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gul a r l att ice o f a b out 1 m ( 3 ~ 28 ft ~) · th i cknes s, and 0 . 5 ill 

(1 . 6 4 ft .) width is p lo t ted , a lon e with the n or mal force 
coefficien t ~gainst the ang l e of attack , the total surface 
beinG u s e d a s reference sur f a ce . (Reference 15.) 

At s~all a the no r mal fo r ce of . t h e l att i ce is ~bout 
e qual t o hal £ of t ha t of the corresp onding f l at plate of ' 
the Game asp ect ratio, b ec ause t he sup p or.t i ng sur f ace is 
ol'l l y abou t half as lar ge , which, in fac t , ag r ees very. close ­
l y wit~ the t h eory . (R eferencG 1 3,b .) ~he closer the ·an ­
g l e o f at tack a pp roaches that o f 90° , - the more the g.ap;s 
ap:? e a r to be 'f ille d in, until at 90 0 th e t ot a l surfe,ce 
may 'oe looked up on a s supp orti ng s u r face . 

A' s i mil a r, though n~t quite as steadily rising c n 
c u rve i s o st ensibly obt a ined with a wing of ve~y thin, 
s y mmetr ic a l p ro f ile , wh o s e top sur face has been roughened. 
Exp e ri men ts a re not availableas ' y~ t r esp ecting .this. 

Exp eriments o~ a Handl ey P ag e .. wing with intercep to r 
( s lot te d air f 0 i I . P 1 u sin t e r c e p tor) h ,we s 11 0 w n' ( ref ere n c e 
1 0) that the re spe 'ct iv e cn cur ve ris.e·s stead-i l y up to 
abou t a c . 90 0 , even if not ~u i te as unifo r ml y as that .o f 
tho lattice . Tho actuation' 'of: the ?:anc1:l ey Page de vice 
postp one s, as ne a ll kn ow , t he separation of · the f low for 
h i gher a n g les of attac~ , and in t h at mann e r assures a p ow­
e rful action of the ai l er~ns ' eve~ at · lar Go ~ . ' For this 
r eas o n t h e Han d l ey Pago devi c e is frequen tl y mou nted a t 
the win g ti p s . Tho cnrrosp on d i n g cn cur ve at fi rs t 
ri ses to a h i gh max i mum l i ft , arid t h eri d rop s sud denl y and, 
of necessi t y , c on sido r ab l y . As a result, it t h erefore 
d i ff el's very mat ori a l.1y f rom t l1.e dosired shap e of contim.l ­
ous rise .st i pul a ted to re duce aut or o tation . As s oo n as 
t ho a ngle of attack exce e d s tho val uo fo r max imum -lift of 
the win g tips , the wing mu st acc or d ingly al.1t orotato vio ­
l ently . To opp os~ this is the purp o s e of the i ntercep­
tors . ~y its actuati on the fl ow ' on the upp er side of t h e 
~ing is mad e to separate even at small a , hence t h e ef ­
f ec t of the Handle i P ag e dev i c e is ruad~ retrogressive . In 
th p,t way the c n cur ve of the wi n g tips a,ssumes the d e­
sir e d steady rise, i. e ., t h e win g tip s opp o se autorota­
tion a It is readil y a g r o ed that suc~ a ciechanism is ex­
treme l y c omp li cat e d . An otber IJ oint to be b or ne in mind 
is t hat th ro ugh the a ctuation ~f ' tha interceptor th e pow ­
erful ef f ec t of the ~i 1 6rons at large angles of attack 
is , 0 1 cour se , l ost .• . (S e o App ond i .x .) 
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Tho '~ ing is sh own i n .Fi gure I G ~ . I t c onsi s ts of a 
c e n ter p o rtion wit h thick , well c ru b ered p r o f ile , e qu i ppod 
wi th the Ha n d l G~r Page devi c o f or r a i sing t ho ;-:taxi mum 1 i f t 
wi t hou t a f feoting t h o ~: .. utorot a t i on vor y mat e ri all;:,' . ~~o ::'~t 

to th e ce n tr a l p art is an o ther wit~ t h in , ~ymDetric al pro ­
f i .le • . T:18 e xt reme wi ng P Qrt :i; ons .have a t h in , sYIDT.1etric·al 
ps r i o'r a ted p rofi l e tQ prevent autor.o t at.i an ,as much ci s p os ­
s i 1? l e . All p arts with d i ff e ren·t p r o i i 'l 'e ' a re sepaJ.··a t ed 
fr om on o an qt h or b y p l ates tQ .·onsu~e ~ ow e~ d r a g a t l ow 
li ft . 

/ 

II 
. Tnq ,:w.i 'n g w'as tested 30 m s 'win d' · spe ed in the Go tt i n -

gon t u'nn e 1. 
I 

As: long .a s th e sl o t was -c.'losed and t h e f l e.p not s et, 
the p olar of t h is wing , at low li f t, c oincided with t h~t 

of . a ~ow rin g of the ~unkQrp A S5 typ e , as exp ected , a n d 
a s s ee n in ·Fi gure . 1 7 .. · . Con s e quently', t he wi ng c a n be usoc1 
f or ord i n ar y f ligh ~ . '. Oper a t ing th o H~nd l oy P ag e d evi ce, 
i . o • . , ch a ng i np the slot sott i n g a nd. t u. r n in e; tho flap d own ­
\v ar d rais e s , a.ccording t o Fi gure 1 8, tho maxi mum l i f t t o 
hi gh~ r a ng les a . ' 

Th e lif~ coef£ iciont is es t i mated a ", ·· '" . 
.. F, 
= -~ 

' F 
( 2 ) 

. . 
where F, F

1
, Fz a nd F3 denote t h e area of t h e wh ol e wi: . . , 

that is, ~ f ·t ho' ce n tral p art, tbo two a d jacen t p iece s and 
tIl e tw o pie c e s a t t h e ti p s , an d c a ' ca . ' c a _ ' and c a _ 

4 ~ v 
the. resp ective lift co e f f icients . The d r ag coeff i c i en t of 
the wDole wing c an be defi neD. i n t h e 5 2 .. me n a nne r . 

, For t h e case o f close d s l o t a no. f la~) s ~ t he coe ff i -
c i ent s c a a n d C w f o!' t he mi ddle po rti ons c an) e ·C8.:': -

1 1 
e n f r om Fi gure 4 . Th e C a and c* ; as we ll as c ~ 

~'2 2 ~ 3 

a n a. Cw coe f ficients (;Ivr e app ro x i mat e l y li k e t h oBe i n 
3 • 

F i gure s 3 , an d 1 9, resp ec t iv o l y . Acc or d ing to ~i gur G 1 8, 
th6 c a and c wo co ~ff ici onts fo ~ the w~ ole . wi ng deduced 

f ro m equa ti on (2 ) , a rQ.i n ve r y cl os~ a eco rd wi t 1 t ~O qO 
obtainod by expe r imen t . 
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The moment a~d~t th~ ~ le ad i ri~ · ~dge ·of · t he wi ng pr e sents 
no u nusual f e at,ire • . ·The L"1 0me l1: t ·t1,Dout t h e :lon gituo.inal f.d ­
i s 'Cr as c a,l cu l a ted · a cco r di ll& ·· to equa t i on -(. J.) .;. an d sp e c i fj. ­
cally , wi ti.l slot ope n and. f l c.1.p · tur necl "d oV7.1"1 ' ., We d e te r Elined 
t~G unkn own n6rmal f 6rce c oefficien t f o~ · t h e . ~ i ddle p or ~ ' 
t io n wi th ~dju~table Han dl ey · P a ge Bcchanism , u ~ ing thd 
c or r esp on ding val u es i n Figure s 6 a nd · 1 9 ; . Bcco r d i n~ ·to 
e quati on ( 2 ). Fi gure 2 0 S 1.l 0 WS t h e : E.Ox c oe ff icien t, .de ­
f i ned acco r d i ng to (1), of t h e moment ab out t h e l ong i tu­
d i n a l ax is p ro duced b y ~ r6t a tion Ox ab oti t th~ path axis , 

bOx . . . . ~ .. ., 
p lo tted against 2 . w;i: th .. a e. s par G:;l.m e te r. Gr an t ed .. 8ve :n 
t h a t t h es e strong p Xsi tive moments, . acc or d i n g t Q . c alcul ~f 
t i on , ~ho ul d i n re a lity . be a li tt l e . less s trong l y p osi t i ~e , 
on e cErt· ne v e rt h eless pr e sume ~ t hat they al ~ay s . remai n . p o ~ ­

i t i '-le. ~ .i so t~:l at no au tor o t e.ti0n · C2,n occur. As 2, ifiatto r of 
~ t . t . t " Gilt t · . ' .:1 t 1 h " . lac ., :e X) Orl mOn S In ~le - 0 ln ts cn Wln <.l unn o a ve s.no~n 

tha t t h e wi ng with a d j u st ed Ha n d l c y Page me c~ an ism does . 
n o t L'.ut oret a to ev e n Q, t such l a r g e an g l e s a s a = 40 0

, o.~l (1_ 
be y on d. t:: is n o c..ut or o tlJ, t i on i s t o "'u e ex}? c cted . The . t~,uto ­
r O"C 2.. ti6n so t...l.Up of t ll is sO Q"o nd wi ng is sh own i n F i gure 2 1. 

To st \7 ~ ng .Lq"o . 3 

.. 
Tho d r a g f or lo w li ft c nn , nls o b e ro duped by p l a ci n g 

t h e z e ro lift a xes of a l l p ro fi l es i n t o ono p l a no . Of 
course , t ~ i s i s mer el y a u easu r e t o inf l uenc e t~e p ol~rB 

o f the 17 i ng . Its ?-uto ro tat io n · c :a.arac~:erist i cs a r e li tt le 
a~ f e cted by it, sin c e t:a.ey are . a l ready pri m~r il y de ci de d 
Q~r t :_ tl :J lH.l,p e of t h e wi ::J. o t i p s . 

? i gu r e 22 pres e n ts this t h ir d wing rr i t h s ymme tric a l 
p~ r f or a t ed p ro f il e at the ti p s, . g r aduall y de v el op i ng i nt o 
a t h i ck , h eav i l y camb e r e d s a c t i on in t he cente r, whe reb y 
t ho zoro l i ft . li no s of al l ill o d ifie~ J ou~o i7s~ i p ~o fi l os 
li o i n on o p l q.n e. F or s t r u ct u r a l r o ~.sOl1 S tho ning t i p s 
wore ~{ Op t co mp a r at ivel y t ll ick , in or d er to bo ab l o t o tur n 
thc m a s a .wh olo, if n e ces s a r y , li ko ailerons a r ound a n 
axis tran s vers e to the fl i gh t d ir oc t ion ~ , .. To in su re, in 
add it io n , a c i n i mum i nf l uen c e, part i cu l a rl y by ai l er on d is­
pl acom~n t, t ~r ough the adjac e n t part , t h e y we re sep a r a t e d 
b y p lat es. 

l-r .. e tested this wi n g at 3 0 m/ s in th e Gg t t ingen i7 t n d 
t unne l. 
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The atag of ' the ~iddl~ portion wit h plates for _l ow 
lift ' is, ac~ording to Figute 23, about .e qui v a len t t o that 
of a ' Junker s .A. :35 nl onoplane , .. 'ring' and, become G, when addi ng 
the thick aile~ohs of Figure 22, materially g reater. The 
lift curve ' in both ca~es , h~~, according 'to ,' Figure 24, a 
maxim~m which" as shown later, is high enough ' for steep 
landing . Contrary to expectation, the wing did autorotate 
even , if only very li~tle. 

Roughening the top ,side of the wing betwJen the third 
and fourth ribs by a c o ating of fine sand , tilE) wing auto ­
rotate~ ~6~e feebly. This apparently" confi r ms our con~,r: 
J~c~ure voiced in a previous 'par 'agraph accord i ng to wh'i.c:-i 
~ h~ '~esp ective c n curve o~ a wing *ith ver~ thin , ~ymb~t ­
~ic al p rofile and roughened ' top side rises similar ly even 
if ~ot so consistently unifor~ as that of the lattice. 
Bu t '8 v'en' wi th thi sit was iropo s si bl e to mat:e the wing <3.1 -
tO Gethe;r" hon-aut orotative. 

After searching invBstigations ' it was concluded t~at 
. the cause of this unexpected: s li ght autorota;tion li es in 

the 17ing tips with comparativelJr thic~,:: pr ofi l e . Subse­
quent tests made after substituting the tips sketched in 
Figure 25, revealed tilat· t'llo' wing c a nnot be made to ~.ut o­
rotate on any condition . Every rotatio~, no matter ~OTI 

strong, is immediately anel vigorously d amped out aj,ld tl:e 
wine; comes q'll_ic~'::ly 'to rest . Fi 'Gure 26 SnOVTG t 'he co:inplete-

, II 
ly non- autorot a ting wing mountecl in the GottinGen \, i n:):' tun -
nel . ' , ' 

Th~~ it is soen that it i 's ' p ossible t '6 design an ab­
solutely non'- aut6rotati 'n-g mono p lane wing mer ely by !1 cor ­
rect se lection of pr ofiles ''!it-:llont other a.dditional a ids. 

Tho drag ~i the mori6ulane ' win~, acc ordin g to Figure 
25, is NOSt p robably lowe; th~n that of the wing with 
thin t~ps in ~igure 22, tho p ol a rs of which a re Given in 
Figure 23 . Tho respec tive maxi mum lift can, rather , be 
assumed greate r than indicato'd i n Fi~ure· 24 . 

Asid o from the lllate rial ' improvonent in 'the wing pol <.',rs 
,of t:l'e non-autorotating tronop lnno wing by [>u ingeniously 
contrived choic 'o ofpTofil o's, it is a l s6possibl,e to 1-1<11:e 
such a 'wing satisfy £ul l y all the conditiori~ which may ~ e 
laid down fo r its ?olars . The const ruction a l adp ects of 
L'le, 'I7inl? tips, :will be, fully discussed in 8, subsequent Ch2,-0 -

ter . 
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Cont r o l of t h e IT on - aut o rotat ing Air}) l ane 

I n orde r t ha t a n on- au torot a t i ng ai r p l EiJ18 Iil ay b e " 
f l own a t high a ngl es of attack and , as we wil l s~ ow , b e 
c ap a b l E? of st e ep l c,md i ng , i t must , f i r st of a l l, have 
horizontal tail sur fac es wl."l i ch e nsu r e a. b n l ancG of t l18 i .O ­

ments a r oun d t~ e l ate r a l a x i s even at an g l es of a t tack 
b e:r ond thos e fo r li f t max i mu m . 

~ i gur e 2 7 sh ows t h e c oeff ici on ts u , U~, a nd M;T of 
- - .I! -~1. 

t he a i r p l a ne wing and h orizon tal tail sur f a c e mocen ts , 
r es? ective l y, a r ound t h e l ate r Rl axi s for a 10~ -IT i ng rn OD ­
op l ~no o f the J u nke rs A 35 type . Sinc e t h o hor i zo~t ~l 
t a i l s n r L "c o mO:cJ.o n t vnri es co mp<1. r .::. tiv 0Iy li ·~t l o , [1,S f\ r"Ll lo , 
oven ~ it h oxt rec o ol o ~ a t or d i s p l a ce mo n t , n b n l a n c o of t h o 
Domonts <:'.bo UG tllO l nto('nl nxis in t~le o r t h o d ox [l.i r p l [',n os 
of to - d n y i s l) Oss i b l u on l y up to an ['.n e lo of ntt.ack vrh ic l.l 
i s in t ~ e n ei ghbo r hoo d o f t hat f or ~ax i muQ l i ft . 

il ovi ng the whol e h o r i z o ntal t ~i l Group t h rough Rng l e 
8H ar ound a n axis par a l lel to the l a te r a l a xis, chan~ es 
the a n g le o f at t a c k o f t h e h orizont a l t a il s roup b y B li ~ e 

am oun t , t he cur v e o f i ts ~~ mome n t in ? i c u re 2 7 is moved 
by tl.l i s amount 8:-r p a r .:),ll;l to t !.l e or d i nat e . In t ::li s nlan ­
n e r a b a lance of t~ e ~ o me n ts aroun d t h e l a t e r a l axis is 
.ensured e v en at a r b it r a r i l y l a r g e [1,ng l es o f a t tack . 

I n order to re t ain t h e e f fe c tive ~ es s o ~ a rud de r ~ l S ­

p l ace ment e ven at lar g o a , i t i s rec ommend e d t o de " ist 
f ro e c overing tho c lev n t or cl e a r up t o t h e fus e l a g e . (Ref ­
erenc e 3 . ) 

An ailero n d isp lac e~en t g e ne r a ll y resu l t s in asymme ­
try 2,t b o tll wi ne t i p i3 , t l18 re by c ll a ng ing tl e autor ot at io n 
c har a ct e ri st i c s. I t se ts up , a si d e f ro m t }l e (1es i r Q0.. D O ­

me n t C',b ou t t-le ] ong it uci i ne..l axis , a n un d es irab le DODen t 
about th e no ~~al dx is, wh i c h nul l i f i E s in p ~rt t he e ! f ect 
i n tend ed , p a~;~ t i c" L .i.ar l ~- at l ar g e e.ng l e s o f a-;;t ac:~ . 

s u c h a i J G r 0 1'1 3 , t ~1 2 t i s , t h e co n v e T\ t i on a 1 t ~"j) . ..) 0 i' t 0 -

d a y , i n c l u ding t h o Hand l e- P ag o a i l o ron fI 8~ s , a rc di s ­
mi s se d f ro m furt he r consider a ti o n and we c onfi n e ou r Gelv e s 
to a n ideal a il o ron , the ~ isp l acoment of wh ich docs n ot 
al te r th o 8.utorot at i o ll char act e r istic s of t he wi n g and 
sets u p a v igorous rD.o L1 ent a b ou t t n e l ong i t ud in a l a xis ~'V it :"l­

out an unwe lcome mo men t ab out the n o rma l a xis a 
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To e nsure the same aut orotative prope r t i e s o f, the 
wing with ailer on disp l acoment , the ~r o fil e ' o f th~ wi ng 
tips must be retained even whon tho ai l er on is disp l a.ced , 
i.e . , the wing tips must be rotatable A ~ on~ .un it around 
an axis transverse to the direction of. fl i ght , si~i l~r to 
the ailerons il l ustrated in Figures 1 6, 22, and 23 . ' , 

With ~Q = ai l er on displacement , FQ = area ,of ai l­
eron, ~Q = distance of the ·C. G. or the' app li ecl air l o ad 

from t~e axis of the fuselage , and c n (a + ~Q ) , and 

c
nQ 

(a - PQ) "'~:s .:,hle c o rre sp onding ' c oelfici e nt of the no r­

mal force; the c~&ffici e nt of the aileron . moment ab out the 
longitudinal axis is: 

By fixed F~ ;Q. this fact or i s constan t 
gles ' of attack unde~ c onsidera t i o n here , i f 

is constant for this . 

(3) 

for the an -

Such a stipul ati o n can be 'complied with , for example' , 
by usi~g floating ai l erons, wi th suitab l e symmetrical pro­
fi:)..e .to ensure a symmetrical c n curve witi:l respec t to 
zero position . For symme~rical reasons n o und~si r able ~o ­
me n t ab ou t the normal - axi scan 0 c cur . 

The same result can also be achieved b~r using ailer ­
ons TIhich do not need to orientate t~emselvos into tho 
particular direction of tho air stre am , t h us being more 
si E1ple from the p oint of view of construction . To ko'ep 
tho Bomont about tho longitudi~ al axis as constant as P?S­
s i b 1 c \7 i t h i n t l'l 0 a n g los 0 fat tack i n quo s t ion , an (1 tor 0.1'1 -

der the 'moment about tho normal axi s cvancscontly sInall , ' 
tho difference of the n o rmal forces cnQ (rr + ~Q) - .c nQ 
(a - ~Q.) em.st , according to equation (3 ) be as constD.l:,.t 
as po£sible , or in othor words, tho cn curv o of the wing 
tips wit~in this ra~g~ must ~iso c onsistont l y ~nd uniiorD­
lYe ,In addition, thci drirrosp onding difforen c e of. t h o tan ­
gential' forcos ·ctQ. .( o. + ~Q.)' - ct 'Q (0. - ~Q) must disa·· ... -
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pe a r as nearly a s p o s sible, i~e., the tangential force of 
t he wing , t;ips in this range mu st b~ , a s constant a s p o ss i­
~le . Figure 19 sho~s that t h e lattice fulfills t h ese con­
ditions ver y s a tisfactorily. Con s equently, it c an be pr e­
s umed that the , ailer ons of the t ~ir & investi gat e d , co m­
p l e tely ' non-autorotating mono p l £',n e vr i ng , in :?i gure 2 5, 
sati s fy the a bove stipulation s : 

Aileron displacement scarcely c:nan g es the autoro tat ­
ing p rop erties . Aileron displaceme n t supp lie s , e v en at 
lar g e an g les of a t tack, a strong moment about t i,l B long i tu­
dinal but without an undesirable mo me nt ab ou t t h e normal 
ax i s. 

The outer f orm of th~ ai l erons ha s p ractically no ef ­
f e c t on it. Thus" to simp lify constru ction , it is -oette r 

' to us e ~n aileron ' o f ' sm~ller width but g rea t er chord. T~e 
d esi g n of -t h e floating ai l erons on t h e Cu rti ss Tanace r 
(r e f e rence s j de monstrato d that the constructiona l'df ff i­
c u I 'ties are not insuperable . 

Steep Landing of the Non- autorot a ting Airpl an e 

Wh ereas t h e en g ine p ower may unde r cer tain c ir cum­
stan c e s a ff ect t h e ' p ower f li bht, t hat is, ren d er a co mpar­
a t ively st e ep start possi b le by su f f icie n tly h i g h e ng i ne 
p ower, in gli d e f li ght t h e e ng i n e is s t opp e~, t he p rope l­
l e r thru st is p ractically zero, so t h at, f O'r ex arilp l e , t:i e 
g li de angle cp a nd the r a te of g lide v of an air~p l C:'..ll e 
desc e nd i ng in ste a dy, l ev e l fli ght is dep endent only on 
the angle of a t tack a. F i gur e 28 s h ows t h e p eculi a r 
cou r s e of v and cp plo t te d a~ ai ns t a for t h e presen t­
d ay typ es of a i r p lanes. Ac cording to it a lar g e g li de an ­
g le is obtai nable i n two way s: o ~ e, by small a, D.nd_ I a r -::, e 
v, that is, in a d ive; t h e o ther, a t a n g les a beyond 
t h o s e for ma x i mu m lift a nd s mall v. If the h orizontal 
t a il g roup in the conventional p rac t i c e of to- day is de ­
s i ~nod to ensure a balan c e of t~ e mONen ts ab ou t the l ate r ­
a l ax is, at the h i ghest , at an a l1b1e a, n e a r to t hat fo r 
s t a lli ng , t h e p ilot is una~ le to f or ce a st e a d y gli d e at 
g r eate r a n g l e s of attack, i .e., fo rc 8 a s t e ep g li d e ~y lo w 
r ate of g li d e, eve n t h ough the airp l an e were e qu i pped wit h 
slo tted wing s. But, si nce t h e s te ep gli d e at low v fo r 
l a r ge ang les of att ac k is pr eemi n ently su i t ed, as we wi l l 
sh ow , fo r st e ep l and i ng , and , thu s, s h or t e r t a xy i ng r un , i t 
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should b e attempte¢\. to make acces'si b le for steep landi"nf; 
the r an g e of large an gles of 'attac f.: , hithorto :'dreaciecl: be­
cau se of t h e dang er of nosi ng over. 

Thi 's 'is accomplished b y the a b ove" d 'esigrr 'of the CO--:l­
p l e tely 'non-autorotating I!l on op l ['. ne , wing . ' 

An, airp lane equippe~, wi ,th suc~ a wi n g can, by usin g 
the a bove-described longitbdin a l tail s~rfaces, be floTIn 
fj.t , v e r y , hi g'h a:ngle's of atta,ck an d be put in'to a ven,' ste ep 
g li c.'. e. , wi thou t g oing into a 'sid'eslip a nd into a spin as ' 
h eret of ore. 

I n ,t h o ,ab sen,Co of a spe ci all y de si g ned 1 andi ng g enr 
a s t o op landing i ,s p O,ssible 'only w.hen t lie pil 'ot - is a.-ole 
t o re duce , the, 'inclination of t h e ,fuselage to the path, i.e., 
a n g ld a, and at the same ' ti ~e chango the " st ~ cp p~th of 
t he G.G~ of thQ , a~rp l ano 'into ~ne almost par~li'ei to t h o 
g roun d, so that tho fusel ago, even in st o ep landing ; a s­
s u mes t h o slopo for the u sual landing directly before 
touchi ng tho ground. That is to bo docided by integration 
o f t ~o b~siQ equation? for lov~l glt d o without side wind, 
wher e we i'nt'roduc'o ' a tomporari 'lJr variable horizonto.l t a il 
sur face disp lacoment. Tho equations read: 

' v == - g sin ' cp 
'Y F ' - --.,- v 2 Cw 
2 G 

(4) 

• cp - - g £os cp + r_~ - v 
v 2 G 

= - ( 6 ) 

wi,10r o ( 7 ) 

Th ey can be sin~lified co n sider ably by re a son of the 
f olloTI ing 'as sumpt ion s: 

1. r i gure 29 shows t h at a ~ in a l l such exp eriments, s o 
h e re alSO, the air spEled ,v, ,is ,cons t ant durin g ,'the time 
in 'q~e stion, thus eli min'ating e quation (4). 

, , 

2 . T~~ e s 1 i g h t 1y chang i ng val u e c 'o s ~ wi thi n ,t ,he ran g e 
:c o:n s idere'd 'is substituted b y , cos CPo constant • . 
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3 ~ Li f t ,c oe fficien t 
c a = f (a ) curve is 
perti~cnt angles a 

Cs is depo~dent on l r on a . The 
assi ~ilated to a straight li ne f or the 

conf_ormablY to F i gure 30 , so that: 

4 . The change in aU for t he horizontal tai l b rouP, as a 
result of only a 'S'li ght rotati9;rJ. Oz aoo,lt the lateral 
axi sis; 

5 . As long as there is no rot ation about the lateral axi~ 
the coefficien t of the ho ri z ontal tail surfv,ce' mome'nt ;lH 
depends only on the anc;~e of. attack a . The ;iH =: f (ex) 
curve is assioilat ed to' ~ straibht line (fig . 27 ) as fol ­
lows : 

~H = Ll;a a + n 2 • 

A d isplacemen t of the horizontal tail g roup shifts 
this straight li no parallel to itse l f , ·t ~mG c:Hmging n 2 

on l y . T~'l i s eli spl acenont is no t ac cO:lpl i s>od . suddenly, ~)ut 
fo r reasons (which will bo analyzed in ~ su~soque~t sec ­
tion) and in supp ort of fact s, acco ~dinG to the follo~ing 
I all : 

that is , the pil ot disp l ace s the ho r izontal tai l surfaces 
first quic~1y , then more slowly . A rot ~ti o n Oz aoout 
the lateral axis i ntr 6duced by th is d isplacemen~ changes 
o n l y the angle of att ack ali ana t~rough it the coe ff i ­
cient of ho rizo ntal tail sur race !:l omen t ME: b~r the amo-o.nt 

Tl1e CU r'l[ B of the coefficient of t~ :. e wing :noment ::iF 
about the lat eral axis w i t~ res]oct to a is conforD­
ab l y to Figure 27 assi n il ated to 0 , sJcra ie;71t line fo r the 
pert i nent range o f angles ex as f ol~ou s : 

1ft.", = m~ a + 11 3 , 
-,l! .:> 

Now the moment coe f ficien t ~ about t~8 lateral a~is 
is ; 
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.. . ' . 

~. . f " I 

, 1 
. , We d:i"sr'egard the t 'orm , m ,~ 

:2 V 
comp ar eO. to the other sand defi ne 
(8) as follows : At time: interv.:al 
librium , posi~ion a o r~veals: 

Oz. which "' is small as 

U and V from equation 
t = 0 the initial equi-

'. .,. . 

Fo r a o ', we find: 

CO,nsequently, 

a ' - n o 3 

v = (m
2 

+ ffi3) (a 1 - a o ) . 0 

No\'l the f.1 odified equations (4 to 7) read as : 

• cp = a1 , a + b 1 

• -kt 
Oz = a 2 ci + b:a + c 2 e + d 2 Oz 

; 

+ ~ Oz = a 

Herein , 

'Y v F' g 
b 1 - ---- n - - cos mo 2 G 1 V 't' 

C,a ' = 

, ( 9 ) 

(10) 

(11 ) 
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3 y inserting t he n Ol1h omog e n eo u s diff e r 8 nti a.l e qua­
t ion of t he s e c o nd orde r, 

we ob t ai n f rom e quat- i ons ( 9 ) t o (1 1): 

8 t - k t 
a. = Al e s in ('1 -t E: t) + B1 e + 01 

Her ei n 
8 _ _ a 1 _ _ =_ da 

. 2 

O~ . 
B = - --- - .- . - - ~.--=---- ... . - - - - .. ; .-----

1 a k - (81 - d z ) k - a 1 da - aa 

a. o - B - °1 A1 = _ _ _ .. _.1-
si n ~ 1 

E qua t i o n s ( 9 ) and (11 ) Lu t h er y i -e l d : . 

o t 
( ta if = Aa e s in 

Oz = A2 e 8t s i n ( t3 

He rein, 

B2 -- -

+ E: t ) 

+ E: t ) 

!:J. __ .3 1 

k 

+ Ba 

+ 3
3 

,E: t a n 

- k t + e O2 

e-k t + 0 3 

+ Da 

( 1 2 ) 

t (13 ) 

('1' ) \ _ . .t 
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Using tne fino.1 f i gur e s f or D. mon op l a.ne of the Jun~;:ers 

A 35 type a s basis , we c8.lculated the course of a , cP an 0, 
Dz C'.cc ordine; to equations (1 2J to (14) as. _ i~ occurs as a 

r;sult of a d istlrbance of t h e initial p osition for stGe~ 
s li d e introduced by p ro g ressive elevator displacement (f or­
wa rd up to stalling) . ~he figures f or the init~~l attitude 
<1.1' 0 : 

cy 1.20 ke;/m3 

0. 0 28 0 

Qo = 0 

c a = 0 . 99 ffi l 2 .12 111 = 2 . 03 
0 

Cw = 0 . 53 
0 

CP o = - 28 . 2° 

• 0 CP o 

v = 28 . 0 r'.1 / s 
. . 

i112 = 0 . 870 

U 0 . 241 

V = - 0 .211 

k = - 1 

L'l 3 0 . 230 

n3 - 0 . 085 
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, In .FigUl'.e. 31 ·t:hc 8Yigle ' of . G'.: t~a:cl:: and of . glide, .. in ad­
dition to the rate of rotation ' abOut the lateral axis are 
s h own plotted against t~e ti ~ e . 

The e ngle of attack essentially changes according to 
th o s a QO expon en tial funct~on e-kt conformablY to w~ich 
th e d isp lacemont occurs . This ~x) oriential function is 
supe r~? osed . by an evanescent vibration whose . amplitude A 
f s'gov 6rued by the violence of the forward displacement~ · 
Il very ab~up t, it introduces a violent v ibration around 
the ori g inally fair l y constant equi l ibrium position . On 
t h e other nand,- a very gradual forward (lisp~acement forces 
tile an ~'?; le of a ttack very slowly into the new equilibrium 
position with practically no pe r ceptible vibrations . The 
a n e le of attack scarce l y assumes a valtie l ower thari tha t 
f or maximum lift ~ so that as~milation . of the li f t curve 
t o i. ",traight line (i . e ., the previous solution or ' t!lo 
bas ic e ~uation) is possible , according to Fi ~ure 30 , with­
in t h e stipulated range of a . 

Resorting to a l ikew i se gradual elevator disp lace­
me nt~ we disturbed the same initial p osition of equilib­
rium as a bove, and then calculated the time r ", te of change 
o f the variables by nun erically integrating e~uations (4) 
to ' (7) . According to Fi gure 29 , t h e int~oduced vibration 
i s so violent t :lat the maxi mu.m lift is exe 'eeded and the 
p reviously ap plied assimilated straight of t h e li f t curve 
is relinquish ed . For this reason the vib~ations are ~ore 
slowly damped out t h an in the other example . But even so 

. the p rinciple ,is maintained : the 'a:l gle' of ·' attack g radue.l ­
ly chang es over into t h e new eqiilibrium pOHition in c or­
re spo nd erice ' with the. gradual ~levat6~ displacement . After 
a short ti n e eVen the c~a:nge of' the glide an~le assumes an 
a~)p roxi mately constant value which , according to ' equation 
(1 3 ) is ,e s sentially equal to D

2
• 

is of g reat sign i ficanc~ for the landin g ! 

v~c '- c ) a o a o 
D 2 = 2 G-----··· '- ­

"1 F + lH _~-l.+~_ 
r m:a m3 
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As a rule, -clI 
m;!, ,m2 may be dis r eg ar d ~ (1 wi th re -
~ ~ m3 

spect to '2 G , so that, ''Y F' 

or, in othe r words, th~ direc~ion of the path of the C. G. 
of the airp lane ' can be , chan~ed that much quicker: 

1 . The greate r the air speed v of the C. G. of the , 
airp l ane; 

2 . ' The smaller tho wing l oading G 
F 

, 

~i . Tl1e Greater the differonce C I - c betwoGn a o a o 
lift coeffic i ent cal 

o 
for the new equi l i b -

rium position ao l and the coeff i cient c a 
for the initial equili b rium p o sition ao ' 0 

Therefore , the p rospect of steep l a nding is confined 
to nir:p 1 anes whose lift curve has a h i gh enough maximum 
and ,a fter that drops st eeply en ough a nd within a suf f i - , 
ciently , ~ arge ran g e of an ~les of Bt tack . For such the 
direc~iQ~ of the p a~h cail b~ c h an Ged just as quick l y into 
a steep glide as into the C it h erto uBll.al flat g l ide . As 
concerns , the reversal of .. the p ath when l an d ing , it is ut ­
terly ~mmaterial whethor th6 p ilot pulls t h e controls at 
small ahgles of attack _or whother ho 2 ush8s them at l arge 
angles a . The unusual feature :s that i n a steep glide 
he must disp lace the controls forward if he wants to raise 
the p c..th . 

After some ti me the glide a ng l e becomes positi v o, 
according to Figure 31 ; that is , the airp l ane climbs , 
which was not at al l contemplated . Tilis cl i mb can be 
counteracted by continuing the io rwar~ disp lacemeut , so 
thut t h e ai r plane assumes an a n{';le 01 attack iJ elow that 
for maximum lift, after which the lift and the p at h drops . 
In this manner a reversal of the path into one p arallel 
to the g r ound can be obtained . The ti me rate of ch an ~ e 
in a n g le of attack and of glide during su ch a lan din c ma ­
neuver is shown in Fi gure 31. The ini+·,;. ,-" l equili11ri 1nl 

position is characterized by a l ~r g e a~~ :,~ of attack and 
of gli d e . At first the airplane is g r a~u~lly push ed u nt il 
it ha s nearly re a ched the an g le for maximum lift . Bec au se 



N,A . C.A. Te.chn ic a l Memb.rand1.1.m. 1J .o~. 6 ,5~~ 2 3 

·of ' the · transition t .o . smaller &n g le·s ceand c.onsequently 
g reateT. lif t ·t the path rises very- quick ly . After aVTh ile 
t h e airp~ an e : is pushed still · furt he r, tho a n g l e o f attac~ 
·bec omes st-il l smal le r , · whence the lif·t drops as soon as 
the v a l ue f or ma xi mu m lift has b e&n~ expeeded . The f l i g~ t 
pat h woul d d r op a1 .s.0 but for the t e ll_(1- ~ ·ncy of . the <;1. i r j? l a.n e 
t o climb . The r ev'e rs a l of t ~1 e · p athr .in : cOIJ.se quence is 0 ~1 1 y 
reduced at f i rs t u n ti l it fin al l y ce a ses alto g eth.e r. I ·n 
t he p r e s en t case this t akes · fro m abo~t 5 to 6 second£ , ac -
c o r d ing to Fi gure 31. - .. ; . 

. ,. . . 

Refe rr i n g t o Fi gure 32, we f ind the h ei ght of l a ndi ng , 
p lo tted ag ~inst . the l anding distance ; s · f or .a normal a s 
w~ll - a~ f or a s teep l andin g of a m o n op l an~of t h e Junk ers 
A 35 -t ype . I n a nor ma l landing t h e- g lid e a n g le is a b ou t 
6 0 to 7 0 • It require .s -ab out 300 m ( 985 f t . ) to l a nd f ro m 

. a hei ght o f a round 40 m (1 30 ft . ) . I n t h e st eep l a ndi ng 
- th e a irpl a ne c a n b e set d own much s ·ooner . Since t .h e cor­
resp ond ing l a nding sp e ed as we l l a~ the gli d e a n g le a n d 
t h er eby t h e l a ndin g d is tance a re virtually th e s am e i n 
bo t h c as es, the s tee p l and ing presen t s a s avin g of ab ou t 
200 m ( 6 56 f t . ) in taxying run , wh e n the. ai r p l a ne mus t 
l a n d over a 40 m (1 3 1 ft . ) high o b s tac). e . ~ , 

Ap pe n d ix 

The c o n sider a tion re g ar d i ng the e ff ect of t h e Hand l ey 
P age d e v ic e is bas e d u p o n the as sumpti on that both int e r­
cepto r s c a n b e op er a ted ind ep endently fro m the actuation 
o f the ai lerons , a s soo n as t h e a irp l a ne app r oach es t he 
stalli n g ang l e . T~is also exp lai n s the c onc l usion t hat 
any a i l er o n d eflection mu s t be ine ff ective a t lar g e a n g les 
o f atta ck . 

Acc ording to t h e i n f or mation g iven me by Dr . La ch man n, 
the int e rcep tors are c ou p led to t h e ai lerons in such a way 
that a il e ron disp lace me n t i s si mul tane ou s l y f ollowed by a 
d if fe rent setti ng o f on e of t h e in te rcep tors. Th o i nte r­
cept or s are not, a s I a ssumed, a stabi lizing , but r a the r 
a co n t rol mecha nism. By actuati ng t h e a ilerons an d t ~e re­

by one o f the intercep tors, a n a d e qu a t el y strong aileron 
moment is ob t ai n ed eve n at lar g e angles of at tack , b y 
wh i ch a n y existi ng a u t oro t ation e v en if viole n t, c an b e 
made to ce as e. 
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•• I Tne,"rEHativelY: strdhg:··'an:e.ron :. momen t "i scau. sed · s ol6) ­
l 'y :b·y- ··the actuat'iol1. ·:6f onc· ... ·of ; tIle irite'rc·eptors. ' Thus , · the 
same · offect · mi gh t .. ·· be · obtai'l'i.ed. ·.i' f the ·a ctuation df ' tho ail ­
ero'n were ' separate from ·:· that · o·f the ' i n tercepto r , as I as -

. su~od in ~ my· report. · Everi then the int e rceptor would rc~ 
mai n ' like the ailor'on, ' a ·· cont·r ol · mochani sm . · Besides ,:' it 
·could ~ct as stabiliz~ng device, ~ithe r antomatic or con­
t ro 11 abl e by " the :p 1'10 t , i'-o r the pur p o s'e of " s t eep 1 anding, 
as' soon a s the airpl.gne apIYroaci.ies the dangerous , la:ree 
anele of attack. Thus the interceptor could se~ve .~ two­
f old pur p ose - con t rol and st8:bil i zati on . 

T:1e fundamental '· difference· between .wi' ng ' tips equipped 
~ i t h ' interc~ptors and my propos~d design 'of win g tips with 
p ei:'fora~ed ,profile ' fo rmed as ailerons,' is that . it p re·v·en ts 
t h e I orrtlative ' stage of ~utorot 'ation, ·· f.e . , sideslipping , 
even at t~e very high angles af attack ' nec~ss~ry for ' ste ep 
la:i1ding , wi thout "requiring any supP lementary de vice, auto -
mat ic ' o"r man ~:pul at e d by the pilot . : .:: ..... ' ".:.: ':' 

Translation by J. Vanier, 
National Advisory Committe~ 
for Aeronautics. 

" . 

-, ." - .-. j; 

. '.: 
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Fig . 2 Profil es of t ested wi ngs . 
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Fig .3 Gottingen 577 
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0, 

Fig, 4 Gottingen 580 

Lift coeffici ent, drag coefficient and moment about leading edge , 
al so of normal force plotted against 0, for a conventi onal 'ifing 
having a profile conformably to Fig .2 
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Fig . 5 Gottingen 429 

Lift coeffici ent,drag coefficiont and moment about l eading edge , 
also of normal f orc e plotted against ex. f or a convontional Vling 
having a pr ofi l e conformabl y to Fig . 2. 
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Fig .7 Three- view drawing of No.1 monop lane vli ng . 

Fig .7 
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Fig . 9 Tes t dat n . 
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a. 

Fig .ll Coefficient of lift ,drag and moment about l eading edge 
for wing of Fig.7 



N.A.C.A. Technical Memorandum No.65Q Figs. 10,21,26 

Fig.2l Wing No.2 mounted for autorotation test. 

Fig.26 Wing No.3 mounted for 
autorotation test. 
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Fig.12 Lift coefficient p l ot t ed asai n st drag co ef:~ic :' ent. 

/ 
I 

\ 

+ ~ 
2 

Fig .13 I"ift distribution over span of monop l ane win~, of 1?ig . 7 
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I 

Figs.14,15 

Fig .14 Normal forc e coefficient p lot ted agai nst CL . 

Fig. 1 5 Thin symmetrical interru~ted profile. 
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Fig .16 Thr ee-view drawing of monop l anG wing I'To . 2 

Fig .16 
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1. 4 

1.2 

1. 0 

. 8 
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• 4 
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0 
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Figs.l?,18 

a , Eonoplane rrin{; of 
Fig .16 

b, Monop l ano wi ng of 
t ype Junke r s A35 . 

Fig . l ? Lift coefficient p lot ted against drB . .o.; coefficient. 

Slot closed, 
flap neutral. 

- Slot Ope!l, flap 
turned down 20 0 

..... _ .... . " .. Cal cul ated 
acco"ding to 
equation (2) . 

Fig .18 Coeff i c i ent of lift, drag and moment about l eadi ng 
edge f or monopl ane wing of }j'ig .16 . 
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Fig .19 Coeff i cients of lift,drag , no rmal and tangent i al 
f orce of a l a ttice 1 m thi ck and 0 . 5 m wide wi th 

profile parti ally ShOVffi in Fi g .14 . 
( 1 meter = 3 . 28 ft . ) 

Fig . 20 Coefficient of mo~ont about longitudinal axis 
plo tted against ~~ ,angle ex, a s :parameter f or 

monopl ane wing of ll'ig , 16. 2v 
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Fig.22 Three-view drawing of wing No . 3 
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a, Monoplane wi ng 1.0 i; Y{-7r~1~ 'f~,~t~~ 

of Fi g . 22 :' I IX 0 .-..r! I 
b, Monopl ane wing . 8 1--+-~1-1f-~t_-, rf -ttT' ---

type Junkers A35. I~ I -+ i 

c , Wi thout inter- C
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Fig.23 Lift coeffici ent plotted agai nst drag coeffici ent. 

a, Without undcr ­
broken rling 
tips . 

c ,· 
I.. 

C . .. 
, / 

c n 

Fig.24 Coefficients of lift, dr ac and moment about l eading edge 
plotted against a, for Hing of Fig . 22 . 
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Fig . 25 lAonopl ane 'ili ng of Fig . 22 with moo.Hied tips. 

Fig . 27 Coefficients 
moment about 

type Junker s A35 . 

of ai r pl ane moment , vring moment and eleva tor 
l a tera l axis plo tted agai nst ~ for mono~lane , 

Uao 
Q60 
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v, m/ sec. 
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Fig . 28 Gl i de angle and rate of glide pl ott8d against ~ . 
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fti g . 29 Change 

/ _/ i n angl es 
cP of a ttack and of 

?{ glide a s wel l a s i n 
r a t e of r ota t i on 

round t he l a t er a l axis 
due to a gr adual fo r war d 

Fig . 30 Coeff icients of l ift 
and drag pl otted 

against a, for a l ow wi ng 
monopl ane of type Junkers A 35 . 

- disp l acement of the contr ol s . 
=~-"1.merical i ntegr a t ion . 

Fig . 3l Cllange i n angl e s of a ttack 
of glide and in r a t e of 

r ota t ion about the l ater a l axis due 
t o g:cadua l f or war d displ acement of 
control s . 

a , "H th :l.Ol1- <:.u torota t i ng wing and hor i zont a l 
t a il sur face s rota t abl e a s one unit . 

b , Wi t ::. Jrc1:l.:lar y ,dng alld or di na ry horizontal 
tail 3ur:Cace s . 

Fi g . 32 Landi nG of a l ow Hi ng monopl ane of 
typ e I n:n]-;:ers A 35 . He i ght of l andi ng 

pl otted aga i n s t t axi ng run . 


