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CHI EF CHARACTERI ST IOS AND ADVA}!TAGES OF TAILLE SS AIRPLANES* 

By A. Dufaure De Lajarte 

Th e discovery of profiles commonly known a s "autosta
b le" but for which a better term would be IIsel f -balanced" 
pro f i le s, which were unknown in the firs t days of avia
tion, was bound sooner or later to bring up th e question 
o f the all-wing or tailless airplane. This new idea in 
airp l ane desiGn , whose practicability may have been ques
ti one d but which is nevertheless based on sound theoret
ical pr inciples, has now entered a phase of pra ctical con
struc ti on and in En gland, Germany, the United s tates, and 
France there may now b e seen several tyP os of a irplanes 
and mo t orless Glider s deprived of any sy stem of tail sur
face s . 

Al though pilots who have handled th is type of appara
tu s hav e declared themselves fully satis fied with their 
flight characteristics - which should b e the s a me as those 
of ordinary airplanes - it may be proper to ask whether 
the t a i lless airplane does possess real advanta ges and 
whether it does not, on the contrary, present c ertain dis
advantages from the point of view of engineeri ng or safety 
in flight. 

It is the investigation and study o f thes e advantages 
and disadvantages that is the object of this p a per. As 
will be seen, these advantages are princ ipally of a prac
tical o r tactical order (civil and mi li tary airplanes). 
As such t h ey will not probably find i mme diate a pplication. 
They pr esent rather so me interesting po ssibilities for the 
future. As for t h e disadvantages, t h e most important is 
whether flight itself is p ossible. Some of the se are due 
to engineering difficulties not met with in the ordinary 
airplane. Other disadvantages appear to be in connection 
with safety, but only experience and practice c an tell 
just ho w large these disadvantages are. 

·"Carac t~res Principaux et Int~r~t d e L' Avion s ans Queue." 
Rep rint from Association Technique Maritime et A~ro
nau tique, June 1935 , pp. 1-37. 
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This study will be concerned ~ith the critical exami
nation of the two main questions that are of interest. 
They are: first, the question concerned with "susceptibil
it y of centering ll * and more generally the conditions of 
ststic stability and longi t udinal e quilibrium; second, the 
~uestion of dynamic stabil i ty, or at least the damping of 
long itudinal vibrations about a position of e q~ ilibrium 

t h at rna? result from a sma l l variation in the angle of at
tack. Since these two problems lead to relatively long 
and laborious computations tneir complete treatment will 
be b iven separately in a supplement to this paper. In the 
present paper we shall treat in order: 

(1) Some genera l observations on the tailless
type airplane, a brief -history and- explanation of the 
principle involved. 

(2) A resume of the p roblem of centering and 
the possibilities of flight. and a comp arison with 
the ordinary tail airplane. 

(3) Conclusions from the study of dynamic sta
bility (damping of the vibrations about the lateral 
axi s) • 

(4) An enumerat i on of the principal advantages 
of the tailless airpl a ne. 

(5) A statement of the disadvantages. 

(6) So~e signif i cant figures on two French con
structions. 

(7) Some idea of its possible development in 
the future. 

(8) General conclusions. 

In the supplement wil l be found a General treatment 
of the conditions of stabi l ity and equilibrium at large 
an Gles of attack for the conventional and tailless air
T) la n e s. 

- - --------_._------- ------ - ---_._----- -.--- -- -~--.-- ~ -- - - ---_. ------ ------- --

*Translator's note: ~his t erm is defined later on. 
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I. GENERAL OESERVA~IONS 

Historical 

The first tailless airplane that flew perfectly seems 
to have been the one designed and buil t by the Englishnan 
Dunne in 1912. It was a biplane havinG a very large posi
tive sweepback, the propeller-engine system being placed 
aft inside the vee. The planes were warped negatively to
ward t~e tips and therefore, due to the sweepback toward 
the re a r. This arrangement might be regarded as an air
plane having two horizontal tail surfaces connected in a 
continuous manner to the lift or principal surface. Al
tbough t his airp lane of Dunne may be considered as the first 
practical ta·illess airplane. it is no less true tha.t the ap
para tus with which the c reat Ader experi~ented 15 years 
earl ier at Satory was entirely without horizontal tail sur
face s. There should also be mentioned the experiments of 
Arno ux in 1911 with the first all-wing apparatus possessing 
a double curvature or camber. In 1918 this same Arnoux 
obtained at Villacoublay some definite results using a cel
lule with doubly cambered profiles. Among these earlier 
airp lane s should also be mentione d the monoplane Simplex 
constructed in 1923 aDd wl1.ich was studied by Cormer and ex
perimented with by Ca ptain Madon. Unfortunately the air
plan e crashed during the tests. 

Since that time in spite of the efforts made at the 
Eiff el Laborat~ry by G. Landwerlin and Eerreur to develop 
the general principles, the taille s s airplane retired to 
the bac kg round in France, while in Gernany Lippisch began 
to study the p roblem thoroug~ly a nd experimented with his 
ideas f irst on small-scale models, next on gliders, and 
fina ll y on powered airplanes (1928). Almost at the same 
time, still in Germany, there appears the work of Kup~er, 
Budig, Soldanhof, Lang guth, and others . 

I t may be said that the g eneral principles of con
struction o~ the t a illess a irplanes were already ~nown at 
that t ime and that the characteris t ic propertics of doubly 
caJ(lbercc. profiles, or mOrC exactly, t:':losc having a nega
tive z e ro lift moment coefficient cmO ' W0rc now at the 

disposition of inventors or onGinecrs after the theoretical 
work of Von HisBS and th e experi mental investigation of 
Abrial. Eased on the se Dore a ccurate data a number of se
rious studies were undert a~en in 1929-30 giving rise to a 
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l a r g e number of patents, the most important being those of 
G. Abrial and , Ch. F a uvel; the former has furnished a con
crete basis for further study by constructing a sufficient 
nu~b e r of excellent profiles with negative c m and util-o 
izing t~ese profiles for the construction of a small tour
ing a irp lane having all the advantages that could be de
rived from the tailless-type principle. The latter, Ch. 
F a uvel, was the first man in FFance to build taille s s air
pl a~e s of excellent flight characteristics, first a glider 
and t h en Dore recently a touring a irpl a ne powered with a 
Pob j oy 85 horsepower eng ine which was put on the recent 
aeronautical expositi o n. Following the names of these two 
inventors should be mentioned that of the engineer Jean 
Cha r p en t ier iT~lO likewise recently constructed. a multi engine
t a i l less airF lane, the tests on wh ich were unfortunately 
i nte rrupted by a slight a.ccident. We must still mention 
J an in who uses the same aerodynamic principles in his con
struction, although the absence of tail surfa ces is not 
considered an essential condition in h is investigations. 

About the same time, in 1930, in England, a ppears the 
inv e:'1tion of Captain Hill, t h e " Pterodactyl,1I which al
rea c. y ~las been t~e object of much careful and detailed ex
pe rimentation both in full-scale f lig ht and in the labora
t ory using models, and esp ecially i n t~e vertical-spinning 
t un nel. T~is ~ e ~i gn is si milar to t h e sesquiplane which 
o ~fe rs a n extensivo shooting rang e for the milit a ry-typ o 
a irp l a ne. 

To g ether with this brief history of tailless air p l a nes, 
we shall say a few words on the history of double-curva ture 
or lIautostable ll :9 rofil o s. Th e s e profiles we re used, al
though rarely, long be~ore the detailed characteristics 
were known and for reasons which do not seem today to be 
v e ry evident. There was, for exanple, the IICanard ll of 
Voisin -before the War. About 192 5 after much progress and 
e ;~pe ril.lental study at tlle laboratory, especially in the 
measureme~of l ongitudinal moments, there B:9pear profile 
outlines with constan! negative c mO (Royer, Abrial, P e y-

r e t), wh ile the t h eoretical d evelopments of Von Mises, 
bas e d on t h e ~ eneral theory of Jo~:owsk i and th e work of 
Girault, e mphasizes the eng in e ering interest of small or 
n egat ive value for the coe f ficient Cmo by indicating 

t h e imy ortance of f~ eometr.ic p arame ters for obtaining this 
res u lt . Since t ~ en . p ro~il e s of low mean curvature or low 
value of crnO (less than 0 .05, whereas the profiles with 



--~----- -- - --------- ---------

N.A.C.A. Technical Me mo randum No. 794 5 

st r ong camber first used eas i l y reached a value of about 
0. 1 5 for c mO ) were used to a l arge extent, all the more, 

si n ce laboratory tests had shown that these profiles could 
st a nd a relatively large incr e as e in thickness without a 
no t able increase in the drag c oe fficient. Most of this 
en t husiasm shown for the prototypes that "came out" toward 
192 7- 2 8 was principally due t o t he removal of the serious 
me chanical disadvantages present ed by the profiles with 
l arge Cmo values. Some airp lane builders, although they 

st i ll remained faithful to t he t raditional rules of air
pla ne technic, saw in these new profiles the possibility 
of n ew improvements in flight characteristics, especially 
itl the field of stability (longi tudinal); this was a mis
tak e since from the stability po int of view, as we shall 
s ee more clearly lat e r on, a ll p rofiles are equivalent, or 
n ea rly so. The s t a bility (o r t lE degree of stability) of a 
li ft surface, a wing or a set o f wings, is essentially a 
matt er of centering and i"n t h is respect only the form of 
t he profile, t o g et h er with t he way it is arranged, is of 
i mp ortance for obtaining equilib rium of the airplane. How
ev e r it may bB, aerona u t ical s ci ence became aware of the 
i mp ort a nce o f the pa rameter cmO in the choice of pro-

fi le s a nd from th e mechanical vi ewpoint of the airplane 
t his is the es senti a l parame ter which will probably play 
an even more i mp ortant part in the perfecting and develop
ing of t he a irp l a ne. 

At t he pr esen t t ime ther e are known a certain number 
o f p rofiles h aving a small ne gative value for Croo (be-

t we en 0 and 0.05) whose ~ olar is comparable with those of 
the g ood profiles with p osit iv e crne that have been used 

fo r the past 10 yea rs, if th e p r incipal characteristics of 
a p rofile are considered to b e t he lift-drag ratio (which 
is a misleading factor for t he case of the simple profile) 
and the maximum lift coeffici ent . It is now known that 
the p olar of a profile or a co mplete wing is of signifi
can ce in connection with the va l ue of the ratio of the max
i mum lift coefficient C z to the minimum drag coefficient 
cx . Wit h this as a criterion , the profiles with negative 
Cmo whose minimum Cx may g o down to less than 0.01 and 

who se maximum Cz may reach o r even exceed 1.3 do not ap
pear to be generally inferior to the others, especially 
to t hose of single camb er. I n eacn case of low value of 
c mO t he re is confirmed th e advantage of doubly cambered 

pro files (i n f e riority of biconve x symmetrical profiles 
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compared with asynmetrical profiles of fixed center of 
pressure) • 

T 11 e sed 0 ubI Y cur v e d pro f i 1 e s \'/ it h neg at i v e c rnO ' i n

p ro p erly called lIautostable,lI were indispensable for the 
conc eption and development of IItailless" airplanes. Never
tb:e less, at the present stage of development t ~lose char
a ct e ristics, ~hich we have just pointed out as most im
p ort a n t for these profiles, are less applied in practice 
than in th eory, chiefly on account of the following fact. 
Th e p rofile of the ping, at least over part of its span, 
must have a break in the rear necessitated by attachment 
of a control surface whose function is to obtain longitu
d ina l control of the apparatus as well as stability at a ll 
fli Ght angles. This control surface, which is really a 
c a n b e red flap, is only in exceptional cases placed along 
t he p rolongation of the fixed portion of the surface, a nd 
f o r this reason there is an increase in the drag. 

~!:.in c.iR~_~_~L_!A.~_Q:.~~'!.h~g ___ ~~t~~!.!.~_~~._<!.~_~!Rll. - Fo r ev-
er y section of a wing considered in the range of angles of 
a t t ack for which there is no separation of flow the mo ~ en t 

co ef ficient cmG about any p oint G in the plane of the 

p rofile is given by the following equation which follo ws 
f r om a rigorous formula in which the ne g ligible terms h ave 
b ee n 0 rn itt e d • * 

W~"ler e 

c = cm + 1\ c~ - ~ (1 - ~~-) C raG o!'-" A 2 k :2 / z 
IJ. c :2 

Z k 
(1) 

Cmo is the constant focal moment of the profile, 

or mo re rrecisely. the value of c m at zero lift; k is 
the coe fficient of the proport ionality of C z with respect 
to t ~ e ef fective a ngle of attack i (cz = k i, or more 
e x a ctl y , k sin i) ,whose value generally lies between 5 
a nd 6 , i being given in radians; ~ and IJ. are the 
"r e lative" coordinates xG/~' zG/~ of the p oint G with 
r esp e ct to the axis FxO and FzO defined as follows 

( f i &;.l): F is the focus or aerodynamic center of the 
p r o f ile; FxO is parallel to the axis of zero lift an d 

d i r ect e d in the same sense of the rela t ive velocity, F z o 
is perpendicular to FxO and alon G t h e d irection of posi-

ti ve l ift; finally, C x re p resents t h e coefficient of the 
d r ag of th~ p rofile, t h at is, corresponding to the effec
t ive a n g le i; equation (1) is ind ependent of any induc-

*T~e e stablishnent of this formula will be found in the 
supp l en ent to this paper. 
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tion to the right of the section. 

Formula (1) is not valid unl ess t h e equation C z = ki 
holds true. In the supplement to this paper will be found 
the g eneralized form of the coeff icien t c mG (formula (2) 

applicable to the regions of separatio n ). 

Assuming a moderate value fo r Cz and the sum 
c mO + ~cx being regarded as a co nstan t cml' equation 

(1) may be simplified to give the foll owing approximate 
e xp res s ion: 

(2) 

Th e static stability of the profi le about the axis through 
G perpendicular to the profile plane d epends on the sign 
of the deriva tive 

= 

From (1), neglecting the variatio ns in c x ' we hnve 

(3 ) 

~ he re is a maximum Or minimum fo r this derivative defined 
by 

c = z 
2k 
3 

This value of Cz does not corr espond to a usual inci
dence anGle unless ~/~ ha s a value v ery much less than 
unity. According to th e signs of ~ and ~ the varia
tions of dcro /dc z a re of four different types correspond-

G 
i n g to the four case 9 of figure 2. Th e se figures, although 
t ~ eir validity is confined to mo derate angles of incidence, 
clearly show tha t 9_!l1:z._~_!!.~&~t:t~~._~~1~~_[Q..!:. _ _ ~ __ i~_~~_:tt~=
Ql~_[Q..!:._an_~:t~l~~~_~ithQ..~t_~Q..!:.i~Q..~t~l_t~il_~~!:.f~£~~ (with 
the usual sign convention assume d for the moments, the can· · 
dition for stability is dC m /di > 0) . 

G 

For a complete wing the expr ess ion for or its 
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der ivative has an analogous form except in some cases which 
are unimportant in p ractice. In order that the formula 
mi gh t retain an absolute si g nificance, it will be regarded 
a s ref err ed tot he ~~~!!'J~Q..[!.~~_2:L_~~~_~ing (th e sec t ion 
pas sing through the center of g ravity of the projected SUr
fa ce of the half wing), that is, the reference chord 1, is 
the chord of this mean p rofile and the centering of the 
a irp l an e is found with resp e ct to the focus F of this 
profi le and the corresponding axes F x ' F z (this is o 0 
n o t ri g oro u sly true for any case whatever but is sufficien t 
for our pu rposes~ Th e axis FxO is paral lel to the direc-

t ion of the zero lift of th e surface. It is understood 
that G now de not e s the center of Gravity o f the airplane. 

In what f ollo ws we shall as sume that equations (1), 
( 2), a ~i. d (3) ref e r t 0 t:l e win g , c z be in g the 1 i ftc 0 e f f i-

cient of thi s wing , Cx its lIprofile ll drag, i the effec
t ive a~1 6 1e of attack in the usual sense which is connected 
wit~ the total angle o f attack by the relation i = ma , 

where TIl = 1 

K ' 1 + --
TTA 

A being the effective a s pect ratio 

of the wing. The Qe5 r ee of stability l: = has the 

sign, whatev er the value of a, as the de rivative 

and may be studied as regards sign from the varia-

tions of the latter. 

?or simpl ification we shall regard the f uselage as 
being an inte g ral part of the wing. In straight flight 
and at moderate an g les of attack the stability of the air
plane is expressed according to equati on ( 2) by the condi
tion 

( 4) 

A s sum ing a cond i t ion 0 f s tab il i ty (l: > 0), c ml 0 r 

c rnO a pp ea r s a s a ~~~::.~_:::._s_~_~_~_!~~.:.~ i_o_Il __ ~! ___ ~~; c ml will 

be posit ive for C z < 0, 0 for C z = 0 a nd negative for 

C z > O. Si n c e the term ~cx in practic e sho u ld always be 
very smal l, it may be s ee n that a tailles s airplane, and in 
par tic u la r Q..!!.~_!!!.~hQ..~t_~~!Z_~~~!.~i~rr_§_~~..f_9:..~~_~~_~!:'~~_~~_[!:"Q..J"Q 
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t~~~_!.if.ti!l~_~l~~~!lt. requires the u s e o f pro f il es having 
negative values of cm .* The upward de f lecti o n of t~e 
controls should increa~e at the san e t i me the angle of at 
tack increases (the same action as r a i s ing the elevator 
surface on the usual type of airpl a n e ) . If th e re had been 
st a tic instability within a certai n range of angles of at 
tack, this law of deflection would be re v ersed and the ap
paratus would become impossible to naneuv er (g eneral c~ar
acteristic of static instability). In br ief, it is possi
ble for an airplane to dispense wi th a l l auxil i ary stabil
izing surfaces if the two followin G gener al conditions a re 
fulfilled: 

(1) Centering is forwar d of the wing focus or 
aerodynamic center (at least 25 per ce nt approximatel y 
from the chord of the mean p ro file). 

(2) The wing p rofil e o r at least the mean pro
file mus t have c mO negat ive (airf o il with pro-

nounced double carnber).** 

I t should be recalled that th e f ir st of t hese conditions 
i s the condition o f static stabili ty; th e second is re
quired for equilibrium. 

* It is clear that th is resul t is chara c teristic chiefly 
of the !l~~~~l state of the win g pro file, that is. with 
f lap neutral. This nor Elal state. having the minimum aer o
dynamic resistance. should corresp ond to the normal flight 
of t he apparatus. f ull spe ed, or cruising speed. As will 
b e s e en lat e r, t he valu e of cmO of thi s normal profile 

will always be very small in absolute value (at the most 
equ a l to 0.02). Equation (4) i ndi cates moreover that th i s 
c oe f ficient varies alg e braicallY i n a sen se opposite to 
tha t of ~; it ma~ become p ositive for a sufficiently la r ge 
n e ga tiv e value of ~ ( p arasol wing). Th e requirement for 
a n orma lly negative value of c m for a tailless airplane 

i s therefore not absolute, but a co nseque nce of fact. 

** Of course a norma l profile i s ~ere be i ng considered. 
As will be scen Inter. its c mO will always have in prac -

t ice a very s mall vn l~e of t he order of - 0.01 or -0.02. 
It will also be s een u h o.t limi t ing value below 0 crne 

could assume when tho flap is defl ected upward so as to ob
tain e quilibrium at the larg er fli f,ht ang les. 
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II. THE CENTERING SUSCEPTIBILITY AND THE LIMITING VALUES 

OF THE FLIGHT ANGLES: COMPARISON WITH THE 

ORDINARY AIRPLANE WITH TAIL SURFACES 

-
We call the "centering susceptibility" of a given ap-

paratus the characteristic t his a pparatus possesses for 
permitting moye or less large d isplacements of the cent e r 
of g ravity without compromising the necessary conditions 
of flight at all ane les of attack ~ithin a certain range 
(stability and equ ilibrium) . A s tudy of this characteris
t ic consists in the determination of the limits within 
\7 h i c h the c e n t e r 0 f g r a v i t Y mu s t r e rna i n in t h G1 p Ia n e 0 f 
symmetry of the air p lane. In this problem t h e p osition o f 
G will be g iven by the coordinates ~ a nd ~ as we have 
de fined them above. For an a pparatus of the tailless type 
t h e limits of the center of gravity travel, that is, the 
limiting values of ~ and ~ are determined by two con
ditions: 

(1) Absolute requirement of static stability a t 
a ll possible angles of incidence. 

(2) The necessity for being able to attain in 
flight und in l a nding a limiting an g le that should 
not be too small, the coefficient c m of the wing 

o 
(flaps deflected upward) being fixed at a given value 
-C, regarded as a practical limit. 

The expression for these conditions, in which all the 
parameters upon which the flight of the airplane depends 
wo u ld be explicitly g iven, would lead to very complicat e d 
results. For this reason we have limited ourselves to t h e 
tr ea t n ent of a sing le concret~ case corresponding on the 
av e rage to what would occur in practice. Moreover, we 
have assumed the body of th e apparatus to be designed and 
attached to the wings in such a manner that the whole has 
a homogeneous and well-defin e d aerodynamic character (all
,v ing or "habitable" airplane). With these conditions it 
i s found that the re g ion of centering is an area limited 
by: (See the supplement.) 

(1) Two straight lines 8 1 and 8 2 passing 
through the ori g in a n d having angular coefficients 
of 5 and -3, respectively. 
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(2) The t\VO straight l ines CAl and CA2 
whose equations are: 

A + 12.5 + 55 
( 1 

0 I-L = 
k 

A - 8.5 I-L + 25 
( 2 

0 = k 

· here (l und (2 are nume rical coefficients wnose 
value is of the order of 0.5 or 0.7 according to t ~e 

flow conditions at large ang les of incidence. 

(3) T~e straight line whose equation is: 

(1 + 0.45 it 2
) A + i~ (0. 83 - 0.9 i'1,2) I-L = 

(-C + cm2) (i~ + Q~l~) + ( 
i J :a 

( 5) 

where c m2 denotes the Doment coefficient assumed 

constant which is due to secondary elements of the 
plane (landing gear in part icular) ; Cis the 1 imi t
in g value for -c . it the naximum (effective) an-

mO' 
g le of incidence that will be used in flight. 

The point C is, in fact, very far removed toward 
the left of the diagram so that ~ithin the region of cen
t e ring (cross-hatched region in fi~. 3), the segments Al 
Dl and A2 D2 may be considered as horizont~l. We shall 
then have in g eneral: 

AA -0 .07 to -0.12 
1 

AA -0.08 to -0.13 
:a 

I-LA ' I-LD '::! -0.35 to -0.6 
1 1 

I-LA ' I-LD2 ~ 0.25 to 0.4 
:2 

Th e slope t of the straight line 6 decreases (in abso
lute vnlue) as it increases but varies rather slowly. 
On the other hand, tho abscissa A] of the point B '.'There 
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~ B e ets the axis o f ~, and is given very nearly by 

( - C + c m...,) + E: 2 (i 2 
- 0.2) 

G 

varies considerably with the value given for i 1 • The 

factor E: 2 being of the order of 0.5 to 0.7, if i1 is 

made equal to 0.2 or 11.50 , which may correspond to a to
tal incidence angle a of 1 60 , tDe term E:2 i12 is of the 

order 0.02 to 0 . 03 . Assuming c = 0 (which is practi-m2 
call y true in many cases ) and taking C = 0.06, we then 
have ~B = -0 . 05 or - 0 . 02 and as may be seen ~E depends 

very much on the .coeffic i ent E: 2 • The point Dl will be 

found on the straight line 8 1 and for D2 we shall have 

~D = ~E + ~ ~A = ~B - (0.04 or 0.06) 
2 t 2 

~D = - 0.09 or 0.08 
2 

Practically there will always be obtained a diagram 
resembling that shown in figure 4 and 4 bis, according to 
the value of E: 2 ; OD 1 has u slope of +5, OA2 of -3; 

~~ . 
k ' 

2.9 is horizontal, the ordinate being 

has a slope included between -4.5 (relatively large value 
for i1) and - 6 . 5 (small value for i1 of the order of 

11°); -~B is at the most equal to 0.06. 

L e t us assume i1 is given as the limit of positive 

ang les of incidence. The coordinate ~ will have a cer
t a i n fix e d val u e , f'. i s con s t r a i ned to '" e 11- de fin e d 1 i m
its whose interval is a maximum for ~ = O. Therefore 
each time that the verti c al variations in the centering 
becomes small, it will be necessary to a r range the wing in 
such a way that the Dean secti o n is at the height of the 
center of gravity (low wing with a definite dihedral or 
intermediary wing without much dihedral). Since the range 
of ~ decreases rap idly as ~ becomes negative, it may 
be s e en that the high wing with dihedral and even more so 
t h e p arasol wing would be at a disadvantage; that is, the 
horizontal travel of the center of g ravity will be very 
small or there will be the danger from instability at neg
ative lift . 
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With ~ fixed, there similarly r e sults a definite 
range for ~; above the focus ( ~> 0) (aerodynamic cen
t e r) this range is well-defined a n d i nd ependent of i; be
lo\v the focu's (~< 0) the rang e varies considerably bo th 
with the value of ~ and the value of i1' As a matter 

of fact, the negative value of ~ can only be very small 
in absolute value. 

Th e essential parameter on w~1ich the II cen tering sus
cep tibility" of a tailless airplane dep ends is the limit 
i1 of the positive angles of inc idenc e. In order to in
cr ease ~B and therefore the dimensi on s of the center i ng 
area, it is necessary to reduce i1, that is, to empl o y 
lower angles of incidence for the p l a ne . For i1 = 11 . 5 0 

(a '=: 160
), c:!'l z = 0 and C = 0.06, the h orizontal range at 

~ = 0 will be below 3 percent, which i s very small. Now, 
i = 11.50 is already a rela t ive ly sma l l incidence angl e, 
in BOSt cases clearly below t he inciden ce for maximum 
lift. In order to have a larger range , that is, to be 
able to center th e apparatus mor e forwa rd it would be nec
essary to assume an even smaller incid ence limit (for exam
ple, a < 150 ), that is~ a very moderate value of the or
d e r of 1 for the maximum absolut e value of Cz which may 
be considerably lower than the maximum C z of the polar. 
A s far as landing is concerned this re sults in first, a 
decrease in the landing speed wi th respect to the minimum 
theoretical speed indicated by t he pol a r and second , in 
t he requirement of giving th e ai rplane a relatively small 
ground an g le which in turn neces sitates suitable arrange
ment for the landing ~ ear. If such a s pecial arrangement 
is omitted, that is, if the airplane wh ile resting on the 
ground on its thoee points presents to o large an angle 
( g reater than 15 , for example) then it will be either im
possible in landing to have the airplan e come down normal
ly or it will be necessary to land all the time on the 
wheels, which practically necess itates a certain increase 
in speed. 

In citing the figures above we hav e assumed the coef
ficient cmZ to be zero or negl ieible . In the majority 

of cases occurring in practice c mZ if not zero is po s i

tive; this coefficient is, in f act, du e Mostly to the 
l a nding Gear (diving moment). Where we have a group or 
groups of raised p ropellers (plac ed at a certain height 
above t h e wing) that part of c m whi c h is due to the 

Z 
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drag of the nacelle, of the engines as well as the propel
lers, at low speeds, is negative (stalling moment). This 
c ircumstance is therefore favorable to landing (increase 
of it at a g iven limit of centering) or permits an ad-
van cement of the centering for a given i1, but it is un
favo rable (c m2 positive) for starting (it may become 

le s s than the an~le of incidence at which it is desired to 
t a Le off). 

Since the drag of the landing gear introduces a ne g a
ti ve element in the coefficient cm

2
, it results that well 

streamlined landing gear has an advantage over retractable 
l and ing g ear (from the p oint o f view of centering). 

In short, for a tailless airplane ~~~~t~~i~~_~~~~~t~~ 
E.i1.~t~~_~~_1!.1.~~~ ~_~~~_1.1. _ Q.~L_9:QIl_~~~~ . _Y..~a _ m:u ~~_Q..~ ._t 1!:.2. _uJ)j)_~~ 
1.~_2i_t_9_f_t12.§._~~&t.§..s ___ Q..[_~~~~~.§.~~~_.t12~t_~r.~ __ 9:~~_~r.~.cl_~~_[li&b-_.t; 
t h e hi g he r the inci d ence limit desired, the smaller it is. 
In any case, this u aximum incidence aD[~ le is itself limit
ed above a certain low value which is in genera l considera
bly below the maxiwum lift a ng le of the polar. From t h is 
result s a considera ble limit at ion in the lift coefficient 
c z w~ ich normally cannot exceed t h e value of 1. This ad
va nt ag e ~ t ght be overcone by the u se of wings of relative
ly small asp ect ratio . This would permit an increase in 
t:le r a n g e of centering or an increase in the maxiraum amount 
of lift that may be obtained. 

R.§.~~~r.k.- If the airplane includes a fuselage clearly 
distinc t from the lifting surface and streamlined, it is 
ne cessary in the computations to consider separately the 
aerodynamic action on this fuselage, as in the case o f an 
orQinary airplane. The centering being given with respect 
t o t h e focus of t ~ e lifting surface, the centering limits 
a re advanced with respect to their corresponding p osi tions 
ia t h e case of a pure wing, but the range will not be a ppre
c ia~ly affected and everything that was said above still 
o. :,)}Jlios approximately . 

Comparison with an Ordina ry Airplane 

For an airplane provided with rear tail surfaces ~n ving 
a fixed part and a movable p art, the centering is limited 
on t h e one h and by the condition of static stability at all 
an ~ les and on t h e ot he r by the condition that it be possi
ble to maintain e qu ilibrium a t the largest angles of inci-
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dence of which the apparatus is capabl e . This second con
dition applies especially to landing, i n which maneuver 
the angle of attack being practically d etermined by the at
titude of the plane, it is indispensabl e, in order that a 
correct landing be made that longitudinal equilibrium be 
possible at this angle. This conditi on would not affect 
the centering if the tail surfac es wer e entirely movab l e; 
in fact the centering is limited by co n ditions which de
pend on the trimming of the tail surfac es and especially 
on t h e magnitude of the movable surfac e s with respect to 
the fixed surface. In practice, howev er, these two para
meters vary but slightly. thus p ermitt i ng a simple law for 
the forward centering limit which in e v ery case is suffi
cient for actuul study. 

The centering being defined as abo ve by the relative 
coordinates A and f.L (origin taken a t the focus of ti1e 
wing with axis of the abscissas along the direction of the 
zero lift of the wing), the regi on of c entering is deter
mined by the four following inequaliti e s (See the supple
me n t ) : 

"'+0.2 f.L- 0 • 9 (cmo +Cm2+O.15 (.a+Cfa ~f)-O.04 kIm' ~f ~ 0 (6) 

A - l-p -, P -- - _ _ },... __ '.l.._L ( s"'[ sD K 'l-J:" 
S) S 1, km 

( I+P ~'1 A + 
S/ 

1. ~-l 04 [p ~~ - ~_.l~Q.~1. !~l s 0 
3 • S1 k m S1 

..J 

( I+P ~'1 A -
SJ 

1. f.L- I.Ol5 [ p ~~ - ~-Ll~Q.~1. FLJ < 0 
4 S1 k m S1 

where the letters have the follow ing meaning: 

(7) 

(8 ) 

( 9) 

k, the coefficient of proportionality of Cz to the effec
tive ang le of incidence (re gion of moderate angl e s of 
incidence). 

k', the same for the tail surfac es . 

S. the effective wing surface. 

s, t h e effective tail surface. 

D, distance from t he focus (aero dynam i c center) of the 
tail surface to the focus of the wi ng. 
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m, ratio of the effect ive anGle of incidence i of the 
wing to the total incidence a ngle a within the 
range of small incidence an~ les. 

m' the corresponding ratio for the tail surface. 

8 , the ratio of the angle of deflection at the right of 
the wing surface to the angle of attack a of the 
ma in wing. 

p = k~~!.jJ:_-=-~L , 
km 

coefficient of effectiveness of the tail 
surface. 

F, 

L, 

constant aerodynamic moment of the wing for the mean 
cho rd 1. 

the constant moment coefficient of the elements of the 
airplane outside those of the wing, tail surface, and 
the fuselage (that is, the parasitic resistance of 
the strutting and landing gear whether the usual or 
retractable type). 

maximum cross section of the fuselage. 

total length of the fu s elage. 

the moment coeffici e nt of tho fuselage with respect 
to the center of gravity (or a neibhboring point 
since this coefficient varies slightly; in fact, when 
t h e point remains in a so mewhat extended region). 

Th e coefficient cf occurs in the defining formula: 

At mode r ate angles of incidence we may write approximately: 

a still being the an g le of attack, 8'a the mean deflec
tion a t the fusela~e and ~ the inclination of the axis 
o f zero lift of the wing to the zero lift axis of the fu
selag e; K is a positive coefficient which may be consid
ered constant for all modera te values of a - ~ (angle of 
a ttack of fuselage); cf is a constant of the fuselage 

o 
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and may be yositivc or negativo. In the condition (6) 
cf denotes the value of cf at the landing angle of at

a 
tack. This value is always clearly negative (stalling mo
ment). 

Figure 5 shows the limiting region of the centering; 
th e ratio sis varies in general betwe en the limits 0.12 
and 0.15, sD/s~ between 0.28 and 0.35. p between 0.3 
and O. 5 5 • The fa c tor c f ~~ a 1) pea r s mo s t 0 f ten t 0 be in -

a S1. -
cluded between 
K (1 - 0' \ FL 

the values -0. 05 an a -0.15; the quantity 
_ . ..-i... _ ______ L __ _ 

l:m S ~ 
lies between 0.02 and 0.05. For most prcs-

ent-dayairplanes cmO varies betw een 0.03 and 0.07, 

cm~ between -0.005 and +0.02. 
~ 

and 

From these data it is found that ~~ may vary approxi
mately between 0.07 and 0.16, ~~, between -0.03 and +0.20. 
This last figure shows that th e e quilibrium condition may 
be impossible for certain airp lane s at large incidence an
glos and that in any case it reduces considerably the 
rang e of centering. From this point of view the parasol
t ype airp lanes similarly to the tailless airplanes are 
distinctly unfavorable. On the co ntrary, those types of 
airp lanes for which the cent er of gravity is almost at the 
hei ght of mean focus (low or intermediate wing) having a 
more favorable range of centering. It is for ~ = 0 that 
t ho horizontal centering range is the largest (as for a 
t nil less airplane). In a certain number of practical 
c n ses ~~, is of the order 0.07. but the average present-

day value, however. of ~~ is abo ut 0.10 or 0.12 (center
ing li mited to 35 or 36 percent of the chord of the mean 
nrof ile). Under these conditions the maximum horizontal 
;'nnge (at ~ = 0) is of the order of 3 to 5 percent but 
for ot her cases it may oe much higher (15 percent, for ex
a !_lp l e). This range is the larger, the gr e£ t er th e II ac-
t ion" coefficient of the tail sur face p ~f' the smaller 

t 11 e c mO coo f fie i en t 0 f the win g, the bet t e r the s t rea m

lining of the fusela ge and e specially the better the wing 
profiles behavo at the large incidence angles (stable flow 
without much displacement of the center of pr essure toward 
t :le rear). 

On the average P sD is of t~e order of 0.15 and 
S7, 
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~_.l1_=-_6..~_1 FL of the orde r of 0.03 . It may therefore be 
km S1 

seen that about 1/ 5 of the stabilizing ac tion of the win g 
is effe ctive aga inst th e . co unte r stabilizing acti o n of the 
fu s elag e. 

If these results are compared with those of tailless 
ai r plane s, it may be seen i mme di ate l y that the range of 
centering with respect to the av erage chor d of the wing, 
a l tho u g h in these two cases it may be yery small or nega
t ive , has a wide range of variation for the ordinary air
p l a n e whereas it is narrowly restricted in the case of the 
ta ille s s airplane. Moreover this wide ran ge permits the 
usu al type of airplane to l a nd a t the desired incidence 
angle fi x ed in our computations at a value that is clearly 
a bove the maximum angle of lif t . On the other hand, the 
tailless airplane, such as we have assumed, having a very 
small r egi on of centering, is unable t o exc eed even in 
flight or in landing a v e ry moderate inc iden ce angle, much 
less than the an g l e fo r maximum lift. 

It should bo furthe r rema rk ed that i t is always possi
ble if necessary to exte nd the lower centering limit of an 
a ir p l a ne with tail surfaces by increasing the amount o f the 
surface (especial l y the span). This is not p ossible for 
the tai lless ai r plane . At most it is only possible to de
crease the aspect ratio of the wing; bes ides, all the tail
less ai r p l ane s that hav e b e e n built up to now in France, 
as well as outs ide of France, sho w a tendency toward small 
a spec t ratio. At any rate this is not a very effective 
me thod and pre sents sever~l objections as we shall point 
out la t e r. 

III. DYNAH IC STA:BI LITY 

(Damping of Vibrati on s a bout Lateral Axis) 

Since we a r e still con ce rned only with the order of 
magnitudes, we may simpl ify th e question o f dynamic sta
bility ( which is, in fac t, rather co mp licated) by consid
ering only those vibrations about an axis perpendicular to 
the p lane of symmetry of th e a irpl a ne and passing through 
the c en t e r 0 f g ra v i ty a nd 9:.§.s_~~. §.<i ._fJ .. ~§.~ _tIl_~?-_~§' . The s e 
v i bratio n s may arise f r om a small displacement from the 
p osition of equilibrium at any g iven incidence angle . The 
v i brati ons are g ov e r ned by the fol lowing differ e nti a l equa
t ion: 
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a8" + b 8 r + c 8 = 0 (10 ) 

wh ere 8 is the displacement whi ch is the function of the 
tL:1 e t, 8' and 8" arc t he fi rst and second deriva
tives, and a, b, c arc positive constants. The displace
me nt e in the case of the airpl ane mo t ion corresponds to 
the angular displacement about the position of equilibrium, 
a to the moment of inertia of t he airp l ane about the lat
er a l axis, b to the damping coefficient, and c to the 
co e fficient of static stability. The mo tion determined 
b y equation (10) and by initia l c onditi o ns 8 = 8 0 and 
Sr = 0 is well known. If the de terminant b 2 

- 4 ac is 
ne gative, the motion is oscillato ry; if b 2 

- 4 ae is pos
itive or zero, it is aperiodic. In fac t , except where the 
static stability is zero or almos t zero . the first condi
tion is usually the one satisfied by an airplane whether 
with tail surfaces or without. The oscillation period is 
g i ven by 

T - 2TT 

j~ 
a nd the amplitude of th e su c c e ssi ve osc i llations decreases 

__ b_ t 

ac c ordi n g to the e xpone ntial law e 2a The degree of 
d amp ing or decrement d e p ends therefore o nly on the ratio 
bl a , t h at is, the ratio of t h e damping constant to the 
lo ng itudinal momen t of inertia o f the airplane. With 
equal ratio bla and equal c oefficient of stability. the 
p eriod T varies in the same se nse as the Doment of iner
tia. 

It is k nown, a priori, that a and b have smaller 
v a lues for t a illess airplanes than for tail surface air
p l an es a nd that c is of the same order of magnitude in 
e n c h case. If bl a has the s a me values, t:'le Etmount of 
d amp ing of the oscillations will be identical and the tail
l es s a irplane will have a sma l l e r period. If bla is 
s m~ ller for the tailless airpl a n e, as would appear possible, 
t he damping ~ill be less and t he period even still shorter 
(t e ndency toward fluttering). To see this clearly, it is 
su f ficient to ev a luate t h e const ants a, b, c in each case. * 

*1 .1 th e sup pl e men t will b e fo u nd the deto.ils of the calcu
la t ions a s we l l a s all ne ce ssa ry explanations. 
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a and c may be written down immediately. In each 
case 

calling P the total weight and r the lateral radius of 
gy·ra t ion, and 

c - p S~ 
2 C z 

~ being the degree of static stability at the angle of 
incidence considered (position of equilibrium). The damp
ing coefficien t b is difficult to evaluate exactly, es
pecially with regard to the wing and the fuselage. For an 
air p lane with tail surface we may write approximately: 

b = EL 
C z 

where the effect of the fuselage is taken care of by the 
coeffic ient 0 . 93 in the second term . For a tailless air
plane the expression differs according to whether a pure 
wing or a wing with fuselage is considered . For the for
mer case we h~ve: 

b = E1.. 
C z 

~ (0. 2 5 - A) l: 

For the latter, calling ~a the part of the static sta

dc m" 
bility U which refers to the wing (~a >~) and *, 

do. 
a numerica l coeffic ient which should ordinarily be posi
tive and le ss than 0 .15 or 0.2 and which depends especial
ly on the position of the fuselage with respect to the 
wing, we have : 

b = El 
C z 

~ [(0. 25 - A - \jr) ~a + *L:J 

Let n s denote the factor which multiplies tl J. in the 
C z V 

exp ression for b by the letter ~ and see what the or
der of magnitude is in the two cas e s. For the wing with 
tail surface the term in L: is in general very small com
pared to the term in sD/Sl; ~ is approximately g iven by 
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the latter. its value varying be tween 2.5 and 3.5 ~s there
fore almost constant and roughly equal to 3. 

In the case of the taille ss airplane, on the contrary. 
~ is essentially a variable fac tor. In the usual cases 
(with small and positive value o f~) ~ is less than 0.2 
or 0.25 at the usual flight angles. and ~ is less than 
0.1 or 0.15 at the most and beco mes even still smaller at 
the larg est flight angles for which the stability is the 
minimum. Th e factor ~ in the tailless airplanes is 
therefore at the most of th e or der of 1/20 of the value 
that it nas for an ordinary airplane. 

Valu e s of x = la and y =~. From what precedes, 

we obtain for these two factors the expressions: 

y = ~ 
2 

whe re a now denotes according to the usual notation the 
specific wei ght of the a ir. 

For an ordinary airplane as built nowadays (~~ 80, 

: ~ 1.5), x is of the order of magnitude 2 or 3 for a 

speed of 3 00 k .p.h. (18 6 .4 m.p.h.). For a tailless air
p lane under wnat may be ~onside red as corresponding condi
tions (~~ 80, ~ ~ 2.5), x is of the order of 0.10 or 

S r / 
0.2 at the mo st for the same veloc ity. ~~~~_t~~_~~~~~it~
I.!!.i9 __ S!:.~~r_~~~I.!.t .Q.t _th_e _ _ o_s_c..ill_a_tio_~.~_i_~_lO ,. __ 2g.L_Q..~ _30 _oX __ IQ.Q..~~ 
ti~~~_~~l)_~x: __ j_Q..~ ._th_~_ .t~il l~~~ _a.i~l<?-.~e __ th_~I.!._[o_~_tJlEJ __ 9_~d i_-=
I.!.~!:.~_~iT..l?.~~I.!.~. As for th e coefficient y, it may -b e S!:.Q..~~::_ 
Q.1Q..s!:'_i~_Y~l~~ __ i!l_ . _t~~_~~~~ __ 9J:_ ._~_~~_t_~~_1 1 ~~s_a._i~l~ne at co r
responding conditions (especiall y at the same value of 
static stability). This number y is inversely propor
tional to the linear dimensions of the airplane. For an 
airplane of small di mensions ( whose weight is of the order 
of 1, 500 kg ( 3 ,307 lb.) with t he data given above and ~ = 
0.2, Y is equa l to 15 for the ordinary airplane and 30 
for the t a i 11 e s s a i r .p 1 an e • 
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The d i s criminant 

the difference X 2 - y 

a 
8 

b
2 - 4 

or o f 

1 (~ )2 

a c having the same 

the quantity 

~- 2: 
P 

S 

sign as 

it may be seen that it i s always ~~~~ti~~ and moreover ~n
der normal conditions . It is z ero for value of ~ of the 
;;d~;-;f--fT15--i~-the case of an ordinary airplane and of 
t he order 1/1000 in the case of a tailless airplane (1, 
the wean cho rd of the wing being g iven in meters). It may 
be seen the n, that, except i n the neighborhood of zero 
s tat i cst a "'0 i 1 it Y the ~.Q..tiQ..!?:._i§._~l~~;r.~_Q.~~~_ll~tQ..!:";r. eve n for 
the largest airplanes . 

E~!:.iQ..~_Q..:f.._th.~_Q..~~~.ll~tiQ..~~ . - Th is is g i v en r igo rou sly 
by the formula 

T 

and app r o x i mately by 

2TT 

J y - X2 

rifil J s V 

1 

n 
With the given values above (V = 300 k.p.h.) there is ob
taine d a value of T = 1.6 seconds for the airplane with 
tail surface and T = 1.15 for the tailless airplane. 
The Q..~S!: ~_!:'_Q..:f.. _@.~~!?:.it~A~_i~th.~_~_~~~; the oscillations are 
somewhat more rapid in the case of the tailless airplane 
(concentration of mass al o ng the length with the smaller 
asp ect ratio ). 

9_Q..!?:.~l~~_~~.Q..!?:'.- From the point of view of d.ynamic stabil
ity the tailless air~lane differs from the ordinary air
plane by a slight decreas e in the oscillation period and 
by a ~9_~§.i~~L~ 'Q.l~._~~~!_~£!. ~_~. _ i!]. __ tll~ . _ ~~ <?_!:.~_~~~t_Q..[_t~~_~~li:: 
t~~~~ . The period and the d amping bein5 opposite in sense 
as functions of the parameters on which they depend (in 
particula r pis, r/1, ~) an y d e sirable increa se in the 
one or the othe r case meets with incompatibility. The 
smallness of the damping is not, howeve r, as dangerous a 
di sadvantage as the extremely sm~ll value of the period. 
Moreo ver , any increase in x would be misleading since 
the value mu st always remain very s mall on account of the 
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s mallness of ~. It is suff ic i en t therefore, when neces
s a ry, to avoid the danger of rapid o sci llations (especial
l y to be fear e d at small a nsl e s o f inci donce) ~~~~~_~~~~ 
~~!:.i~Ei_th.~ __ apn~!'..~~~ .~_tQ..Q.. _f..~.!'.. _t 9_!'..I!.::!.!'..9:.. wh i ch araoun t s p rac t i 
c ~l ly to rema ining at least wit hi n the centering limit s wo 
h a ve indicat e d in nection II. 

There i s yet to be not ed t ha t the poriod is decrease d 
b y concentrating the mass lo ng i tudinally and by decrea s ing 
t h e as p ect r a tio. In s e ekin~ t o slow u p the vibration by 
i n creasing the aspect ratio , ho wever , t here is the disad
v a ntage of decreasing the r a nge o f t rav el of the center of 
gravity or t h e range of fligh t angle s. Some compronise is 
p r obably pos s ible, and its na tu re o n l y experience can de
t e rmine. In a ny case, the d i s advant age becomes of less 
i mportance when the dimensio n s of the a irplane are in
c r eased. 

IV. PRINCIPAL ADVANTAGES OF THE TAI LLESS AIRPLL~ 

;L !... XQ..~~iQ;L~ __ <!.~9_!'..~~~~_~ .~_ th. E? _~~!'..9_Q,z~~TI!.iQ.._!'.. ~~!.Ji.t~~ ~~_9_f 
tQ.~-p_;L~ ~~ __ !?.Y.. _th.~_ ~~r_~§..~iQ.. ~_9J· __ th.~_hQ..!'.. i~_9_~t~l_'!..~ -~-~!'..-_ 
f~Q..~~_~!l.L~Q..r:.t~lltn_Ei __ Q..L_tJl_o __ :f."\:1:.s_~!_~.~e_. - The chio f int ere st 
i n th e t a ill es s a i r p l a ne li es i n the c onception of a pure 
o r habitable win g i n which th e di ffi cu l t and still un
s o lved problem of th e a t tachment of the wing to the fu s e
l ag e is eliminated. 

It should be rema rked t h a t the a dvantage gained by 
t h e re moval of the h orizont al ta il surfaces and the reduc
t ion of the fu selag e is par tia l ly comp e nsated by the much 
l a r g er resist a n c e of profile s vTit h n egative c mO (at leas t 

whe n t h ose p rofiles a re "brok en " for t h e attachment of tho 
c ontr o l surface) and a lso by t he inc r ease in the vertical 
f i n a nd rudder surfa ce, an i ncrea se wh i ch corresponds with 
t he decrease in the lever arm. At smal l incidence angles 
t h o gain on t he tot a l dr a g r e sult ing fr om the suppression 
o f t h e horizontal tail surf ac es may be estimated at 10 or 
2 0 percent and about 5 percen t gain fr om the decre~so in 
t he length of the fuselage, wh ereas on the other han~, 
t h e re is about 3 or 4 percen t lo s s cor r esponding to the 
i ncr ease in t he vertica l sur fa c e s. As for the increase in 
t he dr a g due to the e mployme n t of pro f i les that are ra i sed 
i n t h e rear, it is not a p p re c i a bl e whe n these profiles are 
co mpar e d wi t h those of p osi tiv e curvat u re which are '\!s e d 
o n present-day a irp lanes, at l east wh en the flap consti-
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tuting the rear part of the profile takes up the neutral 
positio n (normal profile). This would correspond in prac
tice to a value of cmO of the order of -0.01 and would be 

obtained at the smallest angles o f level flight. On the 
other hand, at large angles when the flap is deflected up
ward so as to bive a value of em of the order of -0.05, 

o 
there will be introduced a certain increase in resistance 
which depends moreover on th e way the discontinuity of the 
connecti on behaves from the aerodynamic viewpoint. It 
should be noted, however, that this fault is always rela
tively unimportant because of the variation of the induced 
dra g and also of passive resistance which increases con
siderably above a certain incidence angle. 

In spite of the fact that the induced resistance tends 
t o be larger for the tailless airplane due to the smaller 
aspect ratio, it is nevertheless true t hat the tailless 
ai rpl an e has the advantage of an appreciably smaller re
sistance over the ordinary airplane (between 5 and 25 per
cent) at small incidence angles in flight, whereas at aver
age A~d large incidence angles the advantage tends to de
cr ease and may even go to the ordinary airplane if the dif
fe rence in aspect ratio is large. If, for example, the 
ta ill es s airp lane naving an a spect ratio 4 is compared with 
an ordinary airpl a n e ~aving an aspect ratio 7. the advan
tage in this case will not be on tn e side of the t a illess 
ai r p l ane , except at l ow v a lu e s of lift at C z = 0.4 or 0.3. 
Fr om the po int of view of the aerodynamic drag-lif t ratio 
the t a ille s s p lane ha s areal ad v an tag e only i[_'t~~_?-_§J2.~~i 
!:.§:.'tiQ __ Q. [_i.~~_'Y.i~&_sl Q.~_ Il o_'t_!?_~Q.. o_~~ __ 'tQ.Q. ___ ~ m_aJ._~. 

~~ _RE?_~Q-Y.~J __ Q.f __ sl tLLi~_~ IJ~_i ~ ~ ___ cl~.~_~_Q._'th~_ hQ.E.. i~Q~ t~l._ \!.i~& 
~~!:.f_§:.c_E?_~._i~_'th.~_ ._Q..~&~ . _o_f_I_C?_~-_~i~&_§:.irrl.~~_~~_~~sl_C?..i._Ul~_l.im
i't§:.'tiQ.~~_2.!"_Q.U&~~ .. _~Q.o_"Y-_t _~_t~_~_tQ.!"_~i9_~a). __ f_1.E?_!.ib5_I_i~_o_f __ th~ 
:f._~~~l.~_g~. - On a irplanes where wings are attached to the 
fuselage no effective method has been f ound up to the 
present time for preventing the formation of turbulence at 
the top of th e wing near the fuselage. This is an impor
tant problem that is o c cupy ing the at tention of all air
p lane builders in view o f the frequent acc iden t s which 
are attr ibut ed to it. It is found, in fac t, particularly 
on th e low-wing airplanes, that this tur bulence, which 
more ov er under the effect of the propeller wash may bring 
about a flow of air about the fuselage, is in dan ger o f 
en v e lopin g the tail surfac e s or at least affecting its 
action very unfavorably. There ma y thus result the danger 
of longitudinal instability, a mor e or less important loss 
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of elevator control, and the danger of tail vibration, if 
the torsional rigidity of the fus elage is insufficient. 
All these d isadvantages are obvia ted by the removal of th e 
rear surfac e s. 

~!..._T.h~~~~~iQilit;[_ o_L."~!!._ CUl~~ ~~i~Ql~_<l~~!:.~~~ ~_i ~th~ 
~~~iL_Q.f_GXE~ti9_l!._~L.£.it~._~!!.~"_l.a,"'!._Cil!.~!:.~~s"~ "_i!!. J~~"~!!.~~~~r
ability).- From the dynamic viewpoint the tailless airplan e 
i s "-o"r-- Interest in pursuit airp lan e des i gn.* 

i!..._;r~~iliti~~_(~!:. _~!:.~~!!.gillg_g~~~_~:h.~iQil~ tx __ c_Q.. n_ cl!.-_ 
ti Q.~§..L_'!.it~_ .~r.!.~i!!. ~ __ ~~~-R ~~ ~~l_e_!:~l ~~_~ cl._ a..fJ..L ..Rit~t!..~ ._~~ ~~::." 
12.i~_[Q.!:.~?:.~d" .L_~!!.~ .....th ~_._f~~lcl_Q.t_f.i~~_~!lt:hE~l~"_~t~a_!:._(:Q.'9:.!:..~~it 
~" i_r:12..1~"!!.~ __ ~~~~ cl_'!!"ith_I!l.~~lli~_~_g~!!.~ _~!:.._~~~ I!.ll~!!.L. - In pu r sui t 
airplanes they permit the mountin g of the cannon without 
a n y difficulty. 

~!..._R.~sl_~~ti~~_~~ __ ~lil!l.i!!. SI:.ti9:~_~L_th ~ _~~!!.g~_!:.._~f_ I!.~§'~=
Q..~~r.~_Ql.._h?-""{.i~&" "~_l~}?·_~"i ~&. "."&~~~_~f_l:!. i_~h_~ t _~Q.il!.tl.. - The 
p r incipal whee ls of the l a ndin g gear would be aft and the 
s illall wheel forward. The v e rtical from the center of 
gravity would fall very far behind, ins i de the lift trian
gle near the base. La nding would norma l ly be affected on 
three points a nd the contact of t he sma l l front wheel with 
th e g round would n e ver be in danger of passing behind the 
cent e r of g ravity.** 

(a) Th e supp ression of the tail surfaces and of the 
f u s elage structure a n d also due to the neces
sary reduction of the aspect ratio of tho wing 
( d ecrea se in the load per square meter). 

(b) The fact t hat the trrist ing moment on the frame
work of the wing is almost i ndependent of the 
flight angle in or d inary fl i ght. 

*An example ma y be found in t he case of an English "Ptero
dactyl". It should be noted , h owever, that the tailless 
air p lane such as we have studied, is incapable of acrobat 
ics, such as spinning and barrel rolls. due to the limita
tion of an gle of incidence. This c hara c teristic may make 
it unsuitable for a single-sea t pursuit airplane. 
**This p rincip le h a s b een a pp li e d in the design Abrial 
A.83, concerning wh ich we shal l s ay a few words in secti on 
VI. 
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'L!.._Y.~!:.iQ..~£._2.ih.~.!:. ._~<!..~~~~~~~£. . - Several po s sibil it i e s in 
propeller-enb ine mounting as with single eng ine with pro
pe ller in th e rear of the airplane (removal of the effect 
of propel ler slipstream on the wing); visibility and field 
of fire toward the re a r , etc. 

V. DI SADVANTAGES AND POSSIBLE DANGERS 

£~_ R~~~~~_~~ __ ~~~~_'?..~_ d~~I:~i_~_~~~j.:.~~0:_c!..~~_~'?.._~~~~~f_~ 
~ i _~~~_c!.~.J2..~_n_g_. 

~.!.._1.9:. ~!s.._Q..f_£.~i~9:.~i!.i~~_fQ..!:._Qi&Q_~~g!:'~~~ _Q..f_!.if!._~~~ 
~~!:'~9:.i~_~~!:'Q..~C!! .. i~ . - This unfitness for large lifts, as we 
have already mentioned, results essentially from the limi
tation of the incidenc e angle imp os ed by the genera l con
dit ion of stability . It does not matte r much that the pro
file with a large negative value for c m is by itself 

o 
capable of a small maximum l ift coc ffi cient, more or less 
lower tha n that of the profiles with p ositive Cmo that 

are utilized in the conventional airplanes o f today. The 
maximum valu e of C z that can be realized in normal flight 
or in landing is almo st indep endent of the characteristics 
of the profil e or of the wing in the reg ion of very large 
incidence angles . 

I f th e asp e c t rat i 0 i s i a r g e (g r ea. t e r t 11 a n 6) t his 
limiting value for Cz will be of the order of unity. It 
may be slightly increased b y adopting a smaller aspect ra
t io (less than 5, for example) which will permit the com
pensat i ng of a relatively s ma ller range of centering (range 
wit h respect to th e mean chord of the wing). 

Under these conditions the usc of high-lift devic e s 
appea rs ineffective a s far a s the increase 0: the maximum 
lift coefficient Cz is concerned. Nevertheless, certain 
ar rang e men ts, such as the front slot, capable of putting 
off the appea rance of separation and t~erefore the reced
ing of the center of g rav i t y might be used to advantage. 
This question c erits c are ful study on the basis of relia
ble test data . 
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liore generally, it would be advantageous to investi
gate and study the geometric profi le parameters on which 
the laws of flow and of separatio n depend, and especially 
the law for c m. This, moreover , is a problem with which, 
less precisely stated, present-day aerodynamics practical
ly concerns itself. 

In any case, it a ppears that the tailless airplane in 
its present form, all other condit ions remaining equal , 
~~§.t._1.~~9:._~~_~~_~!:.~g_~~p_l.z_~ig}~_~!:'_~~~9:._~~~~_~~~ __ ~q_n_!.~~
i~~~~t.~R~_~~~1.~~~. It is seen, more ov er, since the in
cidence cannot reach a value where C z decreases when the 

anbl e of attack inc rease s.., tha t th.i~_ix:Q.~_Q..[_~~!:.~t~~_i~. 

i~S~~Q1.~_Q..f_~~!:'Q..Q~t.i~§._~hi~~_~tlli~~_ih.~~h.~no~~~~~_Q..f_ 
~~tQ.!:'Q.i1:l:.t.~Q.!!', that is, spinning, barrel rolls, and all 
other acrobatics of this type; bu t the ~~~~~!:'~_Q.f __ ~t.~ll.i~& 
~!:.~_~t._~~~_§.~~~_~i~~_~~~Q..~~~· 

The inabil ity to exce ed a c ertain moderate incidence 
angle considerably less than the angle of maximum lift is 
c erta inly on e of the chief disadvantages of the tailless 
airplanes as they arc conceived at the present time. It 
is the inevitable price paid for tho absence of all auxil
i ary hor izontal surfaces. It is poss ible, however, at 
least in our opinio~, that this solution may not be the 
b es t, as we shall indicate in sec tion VII. 

1_.!..._~i~ii~~iQ.~_~~ _ ~~_g_~!"_~~ __ ~i!:.~~iiQ..;l~l_~ t~Qi litr_~;l~ 
~~~~~~~~i~g.- As we ha ve already menti oned, we are led to 
increase considerably the verti cal surfaces (fin and rud
der). This increase has severa l disadvantages; for exam
ple, it increases the drag coeffi cient, the weight of the 
construction, etc •• and especially the control surface mo
ment, that is, the stiffness of the control. If it is 
true that these effects may be lessened by appropriate 
means (compensation of the contro ls, large aspect ratio 
for the surfaces), it still remai ns necessary to have a 
l argo increase in the vertical surfaces (from 1 to 2 or 3 
tim e s as much as for an ordinary airplane). Two tentative 
solutions have been currently adopted b y the several tail
l ess-airp lane builders: 

(a) 4.UQ..'!. __ ih~_f.~~.~.l~b.~_§... _~_~!'_t~i~_t~~~th (0 r if a 
pure wing is consider ed, g ive it a sufficient 
chord in th e ~lane of symmetry). In other 
words. allow ~ c e rta in increase in the length 
alon g the longitudinal axis of the apparatus. 
It is evident that this solution practically 
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or entirely removes a part of the possibili
ties of the tailless-airplane principle. (Ad
vantages 4. and 7. enumerated above.) 

(b) Place two vertical fins at the ends of the wings 
and g ive them a l?-_ !:.~Q......Q.~~~~_~_'{.~_~~~9:Q.Qa...~~. To 
attain the de sir ed. effect by this means with
out having the disadvantage of an exaggerated 
sweepback, it is necessary to adopt a triangu
lar plan form for the wing (a rapid decrease 
in the depth of the wing from the fuselage 
outward). This latter me t~od leads to a rela
tively large span for a given lift surface and 
aspect ratio which in itself is not a big dis
advantage owing to t~e relative smallness of 
the aspect ratio. 

It appears useful in this co~nection to point out that 
fr om tho aerodynamic p oint of vi ew the advantage which may 
be realized by the additi on of vertica l surfaces at the 
end of the wings does not a p ply only t o tailless airplanes.* 
We are here co nc erned wi t h the general question of the ter
mination of the wings at the tips which may have a consid
erable importance for the lift-drag ratios at moderate and 
large angles of attack . It should be remarked, however, 
that the principl e of p lacing vertical fins at the wing 
r ips is particu l arly advant ageous for the tailless air
p l ane . The figures g iven in the f ollowing section on the 
Abrial desiGn emphasizes this fact. 

9.~_F._~~~i~l~_9:.~!l~~~~_~[_Y_~~i~~~_~i!l9:.~. - F i na 11 y, amo ng 
other defects of the tai llo ss airplane, sooe that deal 
with sa fety may be revealed by experimentation in the lab-

II 
*A series of systematic tests carried out at Gottingen un-
der the dire ction of Professor Prandtl, and other tests at 
the laboratory of Sai nt- Cyr on tailless airplanes (report 
60B-A), have shown that the pre sence of a large vertical 
surfa ce at each tip of a rectangular wing improves the po
lar in the same way as an increase in the aspect ratio, 
and ti.10 improvement is ~: rea te r, tlle smal ler the aspect ra
tio of the wing . The importance of t :n is effect is consid
e rable i n so me cas es . It is pro bable that it would be 
less for a wing of tho elliptic type. This fact neverthe
less brings ou~ the importance of a thorough experimental 
study of the win g-tip ph eno mena which have not yet been 
studiod suf f iciently and whose effect on the drag are not 
ye t known. 

L_ 
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oratory and in flight. especiallY as regards lateral sta
bility at high incidence ang le. the tendency toward auto
r otation and the spinning charac te=istics. It may be 
asked how the tailless airplane compares with the conven
tional airplane. The several te sts carr~ed out in Eng
l a nd for this purpose in the ver tical wind tunnel on a 
model of t h e "Pterodactyl" appeared to justify the inter
e st in vertical tunnels of large diameter for the study of 
spi nn ing but these tests, howeve r, do not tell us how the 
tailless airplane would behave i n a stall and in a spin. 
Nevertheless, it should be noted that according to the way 
it is now built, the tailless ai rplane does not run into the 
da nger of stalling since in regu lar flight it could not ex
c ee d a certain incidence anGle l oss than that of the maxi
mum c z • Stalling cO'.lld only oc cur as a result of some ex-
c eptional circumstance (gusty ai r) which in any case would 
b e incapable of ~utting the airplane into a com,lete spin. 

VI. CRIEF CHARACTERISTICS OF SOME FRENCH COnSTRUCTIONS 

Whon we recalled at the beginning of this paper the 
e fforts tha t have be en made s inc e the recent progress of 
aerodynamics in the field of tai lless airplanes, we men
tioned besides the German Lippis ch. tho French inventors, 
G. ADri a l and Ch. Fauvel. In or der to estimate theso ef
forts and give ~ concrete i doa o f the possibilities to 
which these results might lead. we should like to add here 
so me critical considerations together with exact data and 
fi gures on the projects that hav e been planned and carried 
out by our two countrymen. 

After his investigations on profi l es with ne~ative 
c rnO and on wings with fins at t he tip s , Abrial conceived 

a desi gn of a touring airpl a ne t hat wa s studied by the 
Caudron Company in 1932. Th e ai rplane was not actually 
built but its design Was prepare d with sufficient care for 
us to b e able to mention the elements i t contained. 

F a uvel, ~ho in his studies employed the data of Abrial 
on p rofiles with negative c

mO
' has built three airplanes 

since 1930, one of which was mo torless . The first one 
flew in the p reliminary fli ght t ests but its construction 
uas held up (for fin a ncial reas ons) TIhe n its desicn ~as 
almost completed. The ot~or tuo airpl a nes, the glider and 
the small touring pl a ne, ~hich were pl a ced on exhibltian 
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Ll 1 934, s u c c e s s fu 11 y co I!lp 1 e te d the i r fir s t f 1 i g h t san d 
supplied the pilot Fauvel uith some interesting results. 
We shall give some d etails on t he se thr o e designs. 

Abrial A.83 (80 Eor s epower Two-Seater) 

The principal considerati~ns were those of safety (in 
flight and on the ground) and convenience in piloting: 

(1) The engine wi t h propeller mounted aft (con
siderable decrease in the danger a nd conse quences of 
the eng ine's catching fire). 

(2) Pilot seat in front of the fuselage as in 
the case of a g lider (excellent visibilit~ conditions 
against the dangers of c ollision in flight and on the 
ground) • 

(3) La nding g ear consisting of t wo principal 
wheels situated somewhat behind the center of gravity 
and an auxiliary wheel in front ( with large stability, 
p o s sibility of energetic brakin g without danger of 
no s e- 0 v e r) • 

Figure 6 shows a photograph of the model. It has a 
si n gle cantilever lo w wing of a trapezoidal form having 
an aspe ct r at io 4 a nd a larg e positive sweepback . The fin 
surf a c e s and the rudder surf a ces a re arranged at the tip 
of the wing and a r e capable of acting as aerodynamic 
brakes. Official report 735-A gives the results of tunnel 
test s on the complete model. Followipg a re the ch ief char
acteristi cs: 

c x . mln 

maximum lift
dra g ratio 

c m for the 
o 

= 0.025 

1. 32 

13 

isol a ted wing = -0.02 

At the a ve r ag e incidence angles, th e p ol ar of the com
pl e te a irp l ane t urn s out to b o botte r than tha t of the the
or e tical simp l e win g (effect of the vertical surfaces at 
the tip s). The aerodynamic c h aract er is ti cs which the above 
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figures indicate are remarkable f or an airplane of such 
small aspect ratio and which had not be en specially de
signed for high perfornance. Mo reo ve r, this design dates 
fram 1930, that is, when aerodynamic f i nesse was not yet 
sufficiently appreciated (manner of at t achment of the wing 
to the fuselage, retractable landing g ear, etc.). From 
this point of view it does not di ffer f rom the contemporary 
models, the minimum drag cXmin of wh i ch does not get be-
low 0.035 and which have no bette r lif t -drag ratio for an 
aspect ratio of 6 or 7. 

The airplane was to have a l ift su rface of 18 square 
meters and a total weight of 600 k i l og r ams (P/S = 33), 
its performance with an 80-horsepower en gine would be ap
proximately as follows: 

Maximum horizontal speed . 

Landing speed . 

Theoretical ceiling • 

Time required for climbing 1 ,000 m 
(3,280 ft.) 

Flying Wings of Fauvel 

190.0 
(118.1 

70.0 
(43.5 

6,000 
(19,685 

5 

km/h 
mi./hr.) 

km/h 
mi./hr.) 

m 
ft.) 

min. 

~L_1~~t_~i~l~~~_~~Y~.- Thi s was presented before 
the Examining Commission as an ap pa rat u s for the study and 
investigation of a certain desi gn for a "habitable wing 
without tail." The engine-propel ler g ro up separated from 
the wing was arranged above the wing s o that it might be 
removable and allow the apparatus to be used as a glider. 
In spite of the small amount of surface (20 m2 (215.3 sq. 
ft.» and its large aspect ratio (8), this little airplane 
had rOOD enough for seating the p ilot entirely within the 
wing and therefore could be studi ed in flight as a reduced 
model for a large airplane of high l oad i ng capacity. Its 
study was begun after preliminary test s on a first model 
were carri e d out in the wind tunnel (report 5l5-A, Saint
Cyr, 1929), tests which had revealed exc ellent conditions 
of longitudinal stability, the existenc e of a directional 
stability without use of fin, an d a very much reduced val
ue of c x ' in short, a real advantag e in directional 

o 
control (braking flaps at the ext r e mi t ie s of the wing). 
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THO 0 t 11 e r m 0 ct e 1 s we r e t est e C"1. be f o r e t ha t 0 f the A. V • 2 
~h ~ch was the subject of report 59 4-A. 

In spite of large parasitic resistance, which was in
troduced by the nonretractable landi r¥?; gear and especially 
by the ra~sed engine- propeller group, the lift and drag 
wer e approximately the same as those obtained in previous 
designs: 

c x . • r.nn 
0.0185 

maximum lift-
drag ratio = 15.35 

The tests on stability indicated longitudinal stabil
ity similar to that of the usual type airplane, uith equi
librium bein~ obtained at convenient angles of incidence 
~j~ n ith different deflections of the altitude flaps. Pos
itive directional stability was obtained wit~out any fin 
surface. This stability was later increased by mounting 
t~o small tria ngular fins (supplement to report 515-A). 
T~e se tin surfaces were doubled in the amount of surface 
ana aspect ratio which practically doubled their effec
tive~es s (according to the flight tests). The tests on 
the d irectional fl ap s proved then to be a s effective as it 
was assumed they would be. 

In its present state the airplane carries a special 
flap designed to compe~sate for the moment due to the pro
pe ller thrust. There still remain to correct several er
rors that nere made during the construction (the eleva~or
flap travel and the p ropeller beari ng) and to increase the 
conpensated flap surface. 

The airplane, cquipped with an engine developing 22 
~orsopower, ~ould have a t otal weight of about 310 kg 
(083.4 lb.) (15.5 kg/m 2 (34.2 1b./sq.ft.) and 14 kg (30.9 
lb.) po r horsepower), and its principal performance data 
usinG an ordinary p ropeller are approximately: 

50rizontal maxinum speed 130 km/h 
(SO.8 ::li./hr.) 

Land i ng sp e ed 50 km/h 
(31.1 ni./hr.) 

Climbing take-off speed 2 m/s 
(6.56 ft./sec.) 
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T~e leve l flight near the ground with full power on s at 
a lift Cz = 0.185, which gives an idea of the rese ve 
power o f the airplane. 

The inventor is of the opinion that this same E r
plane p r o v ided with a retractable landing gear and e 
raised propeller in the same position but isolated e a 
driven by transmission from an engine placed within he 
body of the airplane would present even better chara var
istics with a minimum C z in the neighborhood of 0 . JI4. 
Such a result does not appear to be at all impossibJ 'lith 
ail airplane that is reduced to a simple wing provide rith 
vertical surfaces and which is not subject to any sl 0-

stream effect or other interference. 

£L_~~y~3*.- This airplane. who se study began :1 
aild w~ose construction was complete d in 1933, flew ' 
3ar::ne d'Ordanche in the same year and over the dune ~ 
Pilat in 1935. The inventor considers it a reduced 
of an airplane of larger dimensions and particular13 
twin-en g ine, three-seat pursuit a irplane with compl( 
fense in the , rear. It is of the same design as that 
A.V.2 but siBp lified and more ref ined. The aspect ! 
is 8.3. The flight tests confirm a theoretical lif t 
ratio of 21 together with a c x_. of 0.014 and a 

-llll. n 

of 0.135 (flaps not de flected) and likewise show e > 
stability and maneuverability. 

As regards the ease of pi lot ing. the inventor ~ 

"A pilot is not aware durin g take-off, flight. or I E 
that the airplane is not of the conventional type." 
regard to dynamic stability. the inventor points oui 
p erfect behavior of this airplane , stating that dur ~ 

flights conducted at Pilat, he fe lt only very slight 
brations at certain times and "found the air to be , 
slightly disturbed whereas other pilots using conver 
a l airplanes. complained at the same time of being ~ 

1y buffeted." Simi lar observatio ns were also made 1 
Abrial on a tailless airplane of his invention , the 

, 

1930 
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J -9_L_rl~i.~_g_~.i~g __ 4. ...... Y. ...... 1Q.. - The a ppa rat us, con s t ru ( 
dor th e direction of the Service A6ronautiquc. is a 
ing airplane for which tho lift-drag ratio h as p art " 
sacrificed to t ~10 simplicity of the constru ction a n r 
sma ll cost of production. T~o gcner~l desi Gn reMai : 
same although the wing ~o longer ceats the p ilot ane 
is a large se~aration between the center body (whic ~ 

t", lr 
L!(.. 

t ' .) 

('.J .. 
• 13 ro 

*Described in L1A~rophile of January 1934. 

II 
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co nstructed like a lift surface of very small aspect ra
t io) and the wing itself. The aspect ratio has b e en re
duced to 5 .5. 

Some v ery co mplete nodel tests (r eport 750-A, Saint
Cyr) have shown: a very good lift-drag ratio for the whole 
a ssembly in spite of the existence of numerous ca uses for 
d rag; an amply sufficient static longitudi~al stability 
wit h the incidence ang le for equilibrium in the neighbor
h ood of incid ence angle for normal flieht, for zero deflec
t ion of the control surfaces and f o r the contering utilized 
( 17 p ercent with respect to the main wing); a satisfactory 
pe r f ormanco of tho altitude control until about tho maxi
mum value of C z with a useful tra vol of 150 on e ith ~ r 
side of the ~eutral position;. an entirely normal d irec
ti onal sta b ility obtained ~ ith a single f in whose surface 
is only 5 p ercen t of the lift surf ace ( nhi c h proportion is 
no larger than the usua l one with conventional airplane s); 
a suitable effectivenens of the rudder (the movable part 
of the surf a ce just considered ) nhich for a deflection of 
20 0 pe rmits a l ateral incidence of ~bout 100 (th e surface 
of this rudder h a s b Gcn slight ly increased on the actual 
a irplD...lO ) • 

Tne se t ests were carried ou t on two forms, tne IItor
p edo" and t ~le II int erior conduit," the maxi mum cross sec
ti on of the central body being a pp reciably increased in 
t~e latte r (fig. 7). Th e p olars in the t wo cases are 
slightly di ffe r ent. the advantag e lying with the "torpedo." 
The d ifference is much more a p pre ciable as regards the lon
g itudinal mo~ents. The increase in the height of the lIi n 
te rior co nduitll adds a diving moment but is compensated by 
a sli g~t increase in the degree of stability. 

Fi gure 7 g ives three views of tho lila-model size 
whicn ~9"as used in the te sts. Th e change from the t orpedo 
f orm to t he interior conduit is shown by dotted lines. 
The p rincipal cnara ct e ristics of tne t orpe do form are: 

*The upward travel of 150 make s tilC cqu ilibrium anGle i n 
crease from 6 . 2 0 (cz = 0.43) to 19.50 ( maximum lift an
g le 18 .5 0 ) . It appears di fficult t o obtain a higher inci
de nce anGle by increasing the travel, a fact wh ich may be 
expected sinc e af t or a certain position the flap falls into 
a dead region. Th i s disadv antnge cl isa.:ppoars when the ~~
€!:'!:.!i!:.tQ.~_~t~Q.ili~Q.!:' is used, c or. ce rnine w~1 ich we shall speak 
in t}lO noxt se c tion. 
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c z . mln 

max imum lif t
drag ratio 

= 

= 

0.023 

1. 1 7 

13.1 
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The p~re theoretica l wing has the following characteristic 
values, the reference surface bei ng the same as the pre
c ed ing: 

c 
xmin = 0 .014 

c zmax 
1.23 

c m = -0 .02 
0 

(~~) = 17.3 
x Max 

The comp leted airplane, which had already performed 
initial flights at the be g i nni n g of this year, has 18 m2 

(193.8 so.ft.) of surface and weighs about 480 kg (1,058.2 
1 b.) (pis = 2 6). It is p ow ered by a Pobjoy engine of 85 
horsep o we r (4.7 hp/mZ (0.44 :!lp ./sq.ft.). weight per horse
pow er 5.65 kg (12. 5 lb./hp.». The maximum velocity ap
proaches 200 km/h (1 24 .3 mi. /hr.). the minimum theoretical 
speed bein g 70 km/h (43 . 5 mi./hr.); ~he landing speed would 
be about 60 km/ h ( 37 .3 mi./hr.». 

R~~~~k.- The several typ es o f preceding airplanes. 
w~ich are ma inly t e st or demonstration airplanes. have 
b oo n d esigned for a very small wine loading. which fact 
all ows them a very n od e rate landing speed. Under these 
conditions it is very evid ent that the question of maximum 
C z loses ev e ry real si Gnificance; when it is possible to 
land in still a ir at 60 km/h . o ne is not concerned OVer a 
diffe rence of 5 or 10 l:m/h (3.1 or 6.2 !'1i./hr.). The 
que stion. as we have present ed it. has practical signifi
cance o n l y in the limit; that is. when, with the object 
of improving the horizontal pe rfo rmance of the airplane, 
the lift surfa ce is reduced to Q ninimum compatible TIith a 
practical landing sp eed. 

This observa ti on calls up nnother remark ns to the 
value o f the fi gur es we have g ivcn above. To judgc by 
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tl10 se figures, th o aerodynamic sup eriority of th e tailless 
a irp l a ne would be consider a ble. exc eeding wha t we h a ve 
said a bout it in section IV,(l). The r emarkably low val
ues w ~l ich were obtained for the mi n ima of C x a re due 

partly to the relatively large imp ortance of the lift sur
face with respect to the airplane elements of irreducible 
volume which aTe essentiall y . from the aerodynamic view
p oint, p assive resistances (fusel ag e or airplane body, en
gines. r a diators. vertical surfac e s, nonretractable l a nd
i n g gear. etc.); the dimensions of these e l e ments bein g 
a lmost independent of the lifting surf a ce they cannot b e 
d e c reased without changing t he characteristics of the wh ole 
airp lane. In assuming therefore that the wing dimensions 
of the d ifferent types here examined may, for a given to
ta l weight, be r educed sO that th e wing loading may have a 
normal v a lue for each type of airp lane (for example, 40 k g/ 
m 2 ( 8 . 2 Ib./sq.ft.) for a touring a irp lane), it would be 
p ossibl e f o r these a irplanes to realize a s t ill g rea t e r 
pe rforma nce in level flight than the on e we hav e indicat e d. 
but the ir ae rodyna mic characteristics would be appreci a bl y 
lower e d and woul d s how its e lf in a s trong increase in the 
l anding speed, a reduction in the spe ed ran g e, and a low
ere d climbing performance. Without tak ing a way a n y cre d it 
f ro m th e first builders of t aill e ss airp lan e s whose me rit 
is s ho tm by the r e sults obt a i :lled , i t must be ad mitted tha t 
fro m t he strict p oi n t of vi ew of pe r f ormance. t he t a ille s s 
a irp l an e idea i~_i~~~l[ can only be r a th e r limit ed in its 
app lica t ion. 

VII. PO SSIBLE PROGRESS ~ITH TAILLESS AIRPLANES, DESIRABLE 

OBJECTS TO BE ATTAINED, VARIANTS IN THE CONSTRUCTION 

Most of the recen~ tailless a irplane designs, includ
ing t h ose we have just considered, are a ll based on the 
s ame p rinciple of the ~i~&l~_~i~~_~~~[~~~ with ~~~~~~~ 
flaps for climbing and banking.* These two control systems 
a re arranged along almost t h e whole length of the trailing 
e dg e of the wing. AerodynamicallY, as ~ e h ave already 
said. t h is solution is n0 t the best pos s ible. If one holds 
t o t h e all-wing p rinciple, it would be desirable to study 

*T l1e "Pterodactyl" is an exception . having a sinOe pair of 
a ilerons at the tips of the wings which are used a t the 
s ame time for lo ng itudinal and lateral control. 



• 

• 

N.A.C.A. Technical Memorandum No. 794 37 

t he a pplication of a single-con trol system which performs 
simultaneously the functions o f longitudinal and lateral 
control as well as a simple p roc edure capable of removing 
the har mful effect due to f bc discontinuity of the profile 
at the place where the flaps a r e joined. This same princi
ple requires the investigation of a n ew high-lift device 
'I"I':lich is more effective than the front slot, acting \vith
out a stalling moment and even i ntroducing if possible a 
restoring moment. This study wo uld be incomplete if we 
did not point out the possi b ility of two variants to the 
preceding solution based rigorou s l y on the same principle 
but using a separate auxiliary surface . Both of these cor
respond to the principle of t~il l~~~_~i~l~~~_~it~_fi~~~ 
lift_~~~f~~~_~~~_2Q£~~~t~_Q~1~~~i~~_~~g~~. The idea for 
this design natura lly comes to mi~d af t er a critical study 
of tho p roblem under its most general aspects. Its chief 
object is to overcome without a ny spec i al devices the limi
t a tion of the incidence angl e s. The p r inciple is as fol
lows: A centering is obtain e d ahead of the aerodynamic 
center of the wing under the s ame identical conditions as 
bofore; this assures static l o ngitudinal stability. Equi
librium is obtained by the addi tion of an auxiliary sUr
f Qc0 s of suitable size, more or less removed horizon
tally from the center of grav it y G of the airplane and 
c a p a ble of bein g naneuvered. This aUXiliary surface does 
not in principle play the par t o f a stabilizer. It ful
fills in a ~ay the same purpose as raising the rear of the 
profiles for th e s ing le surfa c e with negative crne; its 

object is to make the aerodynam i c resultant go through G 
a n d create a stalling c ome n t opposite to the diving moment 
due to the principal surface S , which in theory has a 
positive Cmo as that of or d ina ry airplanes. It is possi-

ble to p lace s behind S (sys tem A) or ahead of it (sys
tem ]), figure 8; the aerodyn am ic force f or s is di
rected downward in the first cas e and upward in the second. 
Sy stem A functions exactly in no rmal flight as a single 
wing with negative crne; but at large attack angles tho 

surface s which can maintain i ts complete effectivenes9-
permits the production of a s tal ling mo ment as large ~s 
desired, compensating for the ef fect of the receding of 
the center of pressure on surfac e S. It is true that 
this compensation is obtained a t the price of an additional 
nogative lift but in any case i t appears to be a definite 
advantage over a ~ing no t emplo ying an auxiliary surface. 

System] at first vicw p re sents advantages only, with 
no disadvantages, th e aUXiliary surface aiding the lift. 

I 

~ 
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This is the principle of the "Canard" and the same princi
ple that is applied to the "Pou-de-ciel" of Mignet. How
eve r, this s y stem presents a serious difficulty which if 
not solved may render it infe rior to all the others. ~hi~ 

~iffi~~~~y._i~_~~~_to __ ~h~ __ ~_~~@.~~~_o_t_~~~~~Qili0', whi ch is 
introduced by the balancing surface. It is found that if 
no s uita ble measure is taken fo r eliminating or reducin g 
this destabil izing action, th e n either t he apparatus would 
be unsuitable within a certain region of a ngles of attack 
or the incidence angles will be limit ed (under conditions 
i ndepe nd ent of the b eh a vior of the p rofiles).· The solu
tio n could be realized for a biplane or sesquiplane having 
stron g ly stag g ered wings, the stabilizer being placred ne a r 
the top or bottom of t h e forwa rd wing.** 

In the two systems, the auxiliary surfaces would nave 
slightly nega tive va l ue of c mO (the ir normal lift being 

t ake n p ositive) and ~~ti~~~y._@.~~~~l~ a bout an axis situat
ed f orwa rd of their focus . In this way the question of 
the compensation of the control surf a c es , which is partic
ula rl y important, will b e solved and in the most satisfac
tory way possible s ince there will be a bsolute fr eedom, by 
adjusting the p osition of the hinge axis, in controlling 
the average size of the moment about the axis, without any 
aer od ynam ic dis adv antag e . 

CONCLUSION 

The tailless a irp lane principle which is founded on a n 
i rrep roachably sound basis h as sev e ral interesting a sp ect s 
and appea rs to be capable of competing with the conven ti on
a l ai r p lane of today, thanks t o s e v e r a l advantages which 
it p ossesses a nd of which th e ch i ef on e s may b e summe d up 
under thr e e headings : 

*This p ropert y is in ag r eement with the fact that the bal 
anc ing object of the auxiliar y surf a ce and its des tabi liz
ing action impose on the coefficient of action sD/S~ of 
tnis surface t wo conditions (in equali ties) which are inc o m
patible under ordinary conditions. The lower limit imposed 
by on e is . higher tha n t he upp e r limit r equ ir ed by the othe r. 
**In t h is way the co unte rstabilizing actio n of the balanc
ing surface will b e st ron g ly decreas e d sinc e this surface 
will ha ve a n att a c k ang l e which u il l vary sli ght ly uith 
th e gene r a l incid e nc e ang le. 

, 
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(1) Improvement in th e hori zo ntal performance 
at e; iven conditions of load and p onor and at Q.g.:~.~l 

~~i~_lQ..~~illg· 

(2) Greater free do m in the arrangement of the 
di~ferent element s of tho a irplane from the point of 
view of its use a s a civil or military airplane. 

(3) Greater u aneuverability. 

Nevertheless, in addition to. neveral dangers that may 
be expected, and which experienc e alone would indicate, 
these a dvantages h ave a counterpart. chiefly in the c!.i(fJ_
~l~1-_~~_Q..[_.~.~i~~~illi~g_~h.Q._.~~ ~i.~~~ _2-([2-~~_ i_~Q._Li_[~ . _~ o.£.f.f.1.
~i~ll~_§:.t_§'._~Q.~~§:.l._~§..l~~ (landing speed). The relatively 
lo w range of the IIcentering suscep tibilityll is a conse
quence of this requirement. To a certain extent it may be 
considered, in this respect, t hat the future of the tail
l es s airplane is tied up wit h the practical problem of 
aerodynamics concerning the characteristics of the profile 
with respect to separation . It nevertheless remains true 
that within a cert a in range of application, especially 
from tho p oint of view of safety , the tailless airplane 
prinCiple has certain dosirable qualities which nre s u ffi
ci en t to justify the opinions of its partisans • 

Tra nslati on by S. Reiss, 
:\Tational Advisory Co mmi ttee 
fo r Aeronautics • 
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