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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE _C(_)NFIDENT'IAL REPORT

AN INTERIM REPORT-ON THE STABILITY AND GONTROL '
OF TAILLESS AIRPLANES
By Stabllity Researoh'Division

SUMMARY

Problems relating to the stabllity and control of
talllesa alrplanes dre discusased 1n conslideratlon of
contemporary oexperlence and practlice. - In the present
state of the design of tallless airplanes, 1t appears
that: . :

(1) Sweepback affords a method of ‘supplying tall
length for directionsl and longltudinal stability and
control and allows the utllization of a high-lift flap
but introduces undesirable tlp stalling tendencles that
must be overcome before the advantages of sweepback can
be reallzed

(2) The damping in pltching appears to have little
effect on the longitudinal behavior of the alrplane
provided the static margin 1s never permlitted to becacme
negatlive

(3) The directional stability must be as great as
for conventlonal airplanes 1f the same requlrements
regarding satisfactory stability and ‘éontrol charac-
teristlics are to be adhered to '

(lt) The influence of the lateral resistance and the
damping 1n yawing on the flylng qualltles is somewhat
obscure; however 1t 1s belleved that these parameters
wlill be of secondary Iimportance 1f adequate directlional
stabllity 1s supplied

(5) On account of the difficulties encountered 1ln
obtalning- adequate stabllity and control with tallless
alrplenes, 1t appears that 'a thoroughresvaluation of
the relative performence to be expected from tallless
and conventional desligns should be made before proceeding
farther with stabllity and control studles
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.INTRODUG T ION

Much Interest has been shiwn in tailless alrplanes
during the past few years. A number of tallless-alrplane
desligns have appeared and prototypes of several of thesa
desligns have bheen flown extenslvely. It apvears
deslrable at this time to amplify and expsnd an earlier
work (reference 1) relating to thne siabllity and control
of tallless alrplanes in the light of the recent flight
experience acquired and the related studlies that have
accompanied the develomment of new designs.

It 18 the purpose of this paper to assemble and
record some expressions of fact and opinion pertaining
to numerous problems that have assumed significance in
tallless-alrplane design rather than to supply specifias
quantitative design data. The problems specifically
discussed In thls paper pertaln to the requlirements and
attaimment of longltudlinal and lateral stabllity and
control and to spinning, tumblling, and steadlness in
flight as regards gunnery and bombing platform. A
dlscussion 1s also Included of some of the relatlive
merlts of tallless and conventional alrplanes.

SYMBOLS
C;,  lift coefficlent
Cp drag coefficient
Ci rolling-moment coefficlent
Cp yawlng-moment coefflclent
Cm pltching-moment coefficlent
\'A alrspeed
r yaﬁing angular veloclty
P . denslty of alr .
m mass of alrplane '
q "dynamic pressure (lpvé); also, pitching angular
velocity 2 C
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thrust coefficlent - [Lorust
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hinge-moment coefficient
angle of attack '
angle of sideslip

angle of sweep

taper ratlo; ratlo of tip chord to root chord

wing area, except as deslgneted otherwlse by
subscript

wing chord, except as designated otherwlse by
subscript

mean aerodynamic chord
aspect ratio

distance of aerodynamic center from center of
Fravity

vertical displacoment of thrust axis from center
of gravlity (positive when thrust axis 1s below
center of gravlty)

wing span, except as designated otherwise by
subscript

propeller dlameter

stick force

trailing-edge angle (see filg. 11)
landing-gear angle (see fig. 13)

control-surface deflectlon
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Subscripts:
f flap; also, flipoer
a aileron
e elevator
t tab
T rudder
/L about quarter point of mean aerodynamic chord

LONGITUDINAL STABILITY AND CONTROL

Tt was noted 1n reference 1 that a stralght wing with
a slight reflex camber and dihedral has all the necessary
serodynamic characteristics for both longltudinal and
lateral stabillity. A straight wing employing a trailing-
edge flap as a trimming control, however, suffers an
undesirsble loss in maximum 1ift, particularly 1f the
static margin is large. In order to improve thls con-
dition, the installation of leading-edge slats has been
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consldered., Thils solution has found 1l1lttle favor,
.however, because of the accompanying increase in profille
drag and the unusuilly high attitude required for :
landing with leading-edge slats., At the present time
the most practicable method of overcoming the deflclency
in maximum 11ft appears to be to lncorporate sweepback
(or sometimes sweepforward) into the wing. The ma jority
of the contemporary problems in longltudlnal stablillty
of tailless alrplanes arise from the adoption of this
solution, -

Effects of Sweep

Advantages of sweep.- Sweepback glves the wing an
effectlive a eng and is therefore especlally -
adaptable for tallless alrplanes. This tail length is
proportional to the product of one=half the span of the
portion of the wlng with sweep and the tangent of the
sweep angle; consequently, (1) high=11ft flaps can be
located at the center of the wing where thelr 1lift
Increments produce only minor changes in the pitching
moment about the center of gravity of the alrplane,

(2) flaps for longitudinal control can be located near
the wing tips where only minor changes in 11ft are
needed to produce the requislite pltching moments for
trim, and (3) more leeway 13 permitted in locating the
conter of gravlity inasmuch as the aerodynamlc center of.
the wing can be controlled by the angle of sweepback.

If only high 1ift is considered, the results of an
investigation relating to the use of various types of
flap on swept-back wings have indlcated that tralling-
edge aplit flaps are partlcularly sultable for swept-
back wings because of the relatively small pitching- :
moment increment accompanying the production of a glven -
11ft inorement (reference 2), The ratio of the pltching-
moment increment to the 1lift ilncrement produced by a
flap depends, of course, on the position of the centrold
of the flap load relative to the aerodynamic center of
the wing, The centrold of the flap load has been
observed to move forward along the wing chord as the
hinge=line position of the flap 1s shifted forward, with
the consequence that the ratio of the flap -pitching-
moment increment to the flap 1ift increment 1s reduced.
The extent of. the forward movement of the centrold of
the inoremental flap load accompanylng a forward shift
of the flap hinge llne that may be expected for full-span
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tralling=-edge spllit flaps 1s glven in figure l. It was
noted in reference 3 that the ratio of the flap pltching=-
moment lncrement to- the flap 1ift increment could be
,conslderably reduced by moving the flap hinge line forward
with only slight losses 1n the magnitude of the flap 1ift
assoclated with a glven flap deflection. It appears,
therefore, that shifting the hinge llne of the flap affords
a promlising means of minimizing the pltching moments
caused by high-11ft flaps but more data on thils effect
"are needed before specific recommendations can be made.

It 1s known that, for tralling~edge flaps, an
increase 1in flap chord shifts the centrold of th® incre-
mental flap load forward and thus causes a reduction in
the ratlio of the flap pltching-moment lncrement to the
flap 11ft increment. Thils effect can be observed in
figure 1 by comparing the results for different flap
- chords, At the present time, the optimum combination
of. flap slze and flap hinge-llne poslition for specifilc
deslgns must be determined by experliment.

The 11ft increments produced by flaps are governed
also by the plan form of the baslc wing deslign. The
Important factors are (1) the aspect ratio, (2) the
taper ratio, and (3) the angle of sweep. Of particular
interest for tallless alrplanes i1s the so-called self-
trimming flap, which 1s a flap arranged to produce zero
pltoching-moment lncrement about the aerodynamlc center
of the wing. The effect of aspect ratio on the lift-
coefflclent lncrement produced by a self-trimming
tralling-edge split flap on a swept=back wing 1s shown
In figure 2. The effect of taper ratlo on the 1lift-
coeffliclent increment produced by a flap 1s dlscussed
in reference l. and an indication of the effect to be
expected can be obtained from figure 3. In general,

a moderate taper ratlo of the order of 2:1 1ls recommended,
The effect of sweepback on the 1lift Increment produced

by & self=trimming tralling-edge spllt flap on a swept-
back wing is shown in figure L. The data in figures 2.

. to l} were taken from an analytlcal investigation of
self-trimming tralling-edge spllt flaps (reference 2).

Although tralling-edge spllit flaps have been found
to be particularly beneflclal on swept=back wings in
produclng high 1ift, it 1s cautloned that there are
considerations other than high 1lift involved in the
selection of a flap for a specliflic deslgn., For example,
consideration of the minimum drag of flaps for take=off,



NACA ACR No. ILH19 S 7

ground clearance, and the operation of a pusher propeller
in the flap wake may lead to the adoption of same other
flap even at some sacrifice in 1ift, .
Increases 1in maximum 1ift can be expeoted wlth
‘swept-forward wings, provided the high-l11ft fldps are
placed on the .outer portion of the wing span and thé
flap for longltudinal control is placed at. the center of
the w1ng ° - .

Disadvantage of sweep.- A most disagreeable.charac~
teristIs oI a swept-back wing 1s the inherent tendency
to stall prematursly at the tips, a phenomenon primarily
assoclated with the lateral flow of the boundary layer.
This charaecteristic is particularly undesirable because
it occurs first over the rear portion of the wing where
the control surfaces are located. The tip stall 1s
manifested as a pronounced pitching and rolling insta-
bllity accompanied by a tendency of the elevators or
allerons to float upward. An example of the effect
produced by the tip stall on the pitching moment of a
swept=-back wing 1s glven in figure 5(a). The rapild
" increase in positive pltching-moment coefficient accom-
panylng the - tip stall 1s characterilstic.

Swept-forward wings tend to stall first at the
central part of the wing. Center-sectlion stalling
" causes pitching Instabllity but the rolling instability
assoclated with the tip stall of swept-back wings does
not occur, This advantage of sweepforward, however,
1s partly offset by the dlfficulty created in obtalning
adequate statlc balance on account of the forward shift
In the aerodynamlc center of the wing caused by sweep~-
forward., With swept-forward. wings, the fuselage or
load-carrying element must be placed ahead of the wing
In order. that the center of gravity'may be’ ahead of. the
aerodynamic oenter. .

Remedies for tip stalligg.- Before satisfactory
flight behavior can be assured, provision must be made
for delaylng or eliminating the tip stall. Varlous
schemes have been proposed for delaylng or eliminating
the tilp atall and a number of such schemes are summarlzed
as follows: .

(1) Wing twist - It haa been proposed to wash out the
wing tips, that 1s, t¢o lower the angle of attack of the
section near the tip. Reference 5 shows that the amount
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of washout required to benefit the tip stalling charac-
teriatics 1s sufflclent to lncrease the drag of the wing
serlously:at low angles of attack, One method of .
avolding the high drag 1s to have a portion of the wing
‘tip rotatable in £flight., The rotatable wing tipashould
be so proportioned wlth respect to the elevator that the
airplane cannot be stalled until the tip angle has been
~sufflolently reduced to eliminate the tip stall.

. " "~. (2) Change in airfoll section = The initial stalling
of the wing sectlons on the outer span of the wing can be
controlled somewhat -by increasing the thickness or
changing the camber of the alrfoll sectlions used.. The
results of reference 5 iIndlcate that thls method can
appreclably increase the angle of stall of a wing without
flaps or sweepback, particularly 1f a change 1n camber 1s
used 1n conjunction with wing twist, The analysis in
reference 5 does not conslder the effects of sweep or
flaps.. Changlng the wing soctlons, howaver, generally
has the .disadvantage of 1lncreasing the drag of the wing
at low angles of attack. :

(3) Flat-plate separators -~ It has .been suggested
that the tlp stall might be delayed by means of vertlcal
flat plates or fins alined with ‘the wing chord at about
one~half the dlstance to the. wing +tip and extending
arqund the tralling edge of the wing and forward almost
‘to the leading edge. The function of the plate is to
prevent cross flow of the boundary layér by "separating"
the filelds of flow along -the wing span. Experliments on
swept~back wings with - flat-plate separsgstors installed
have iIndicated that some 1lncrease in the angle of stall
can be obtalned - by this method alone but thaf generally
a new stall 1s induced just inboard _of the plate 1tself.
Better results might be obtained 1f ‘the flat-plate
separators are used in.conjunctlon-with changes 1n wing
plan form, Darticularly in ‘the vicinity of -the wing tip.

T (h) Changes in plan form at tip =- According to tests
. thade in the Langley free-flight tunnel, a change in wing
plan form at the tip alone has little effect on the tip
stall (fig. 5), as evidenced by the instabllity manifested
by the pltching-moment curves for all tlp arrangements.

It appears from assoclated.tuft studles that flow separa-
"tion always occurs at the junction between the tip and

the inboard portion of the wing, In any event, the

change in plan form should gxtend lnboard of the origlnal
stalled reglons.
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(5) Leading-edge slats - The use of tip slats has
been found to.be the most effectlive method of delaying
the tip stall. Leading-edge ‘alats mdy Incireéase -the -

- angle of stall as much as 10° if Judiclously located.
Tests of models in the  Langléy free~flight tunnel have
Indicated the necessity of extending the slat at least
over the portlion of the wing affected by the stall. It
has been found that slat spans of the order of 30 to

‘50 percent of the wing span are necessary to abolish
completely the effects of the tip stall. Typlcal stalled
areas behind a swept-back wing with various slat
arrangements are shown in figure 6,

If fixed slats are used, an undesirable increase in
drag may result at low angles of attack. It may be
posalble, however, to bulld retractable slats that have
ohly minor effects on the over=all drag of the wing at
low angles of attack after more research and work on
the developmenft of rstractable slats have been done.

(6) Taper-- Part of the stalllng of swept-back
wings cen be attrlbuted to high taper., The use of
highly tapered swept~back wings should be avoided,
therefore, lnasmuch as data on tapered wings indicats
that the beneficlal effects of sweepback can be obtalned
with m?derate taper ratios of the order of 2:1 (refer-
ence 5).

Longitudinal Stabllity-

As with -a conventional airplane, a tallless airplane
1s statically stable if the center of gravity 1s shead
of the aerodynamic center, The position of the aero=-
dynamlc center 1s appreciably affectéd by (1) the
addition of a fuselage or a streamline nacelle, (2) sweep-
" back, and (3) power, The extent of the forward shift of
the aerodynamic center produced by a fuselauge or nacelle
has been dlscussed in reference 1., The basic’ procedures
for caloulating the serodynamioc center of wings of
various plan forms are glven in reference . Applications
of 11fting-surface theory to the determination of the
span loading of swept-back wings can be found in refer-~
ences 6 and 7.. The effects of power on lorigitudinal
_stability are discussed in the following paragraphs.

ffeota of power.=- The analysis of "the effects of
power o) ong inal stebllity 1s somewhat simpler
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for tallless airplanes than for the conventional alrplane
on account 6f the absence of the horizontal tall. For
convenience, the effects are‘divided into three parts:

(1) Effects assoclated wiﬁh normal force and direct
thruet of propellers

(2) Effects assoclated with slipstream veloclity and
downwash behind propellers .

(3) Effects associated with dynamic action of jets

The effect of the propesller normal force 1s small '
for the conventional arrangements of. propellers and 1s
usually a flxed factor for a given design. Methods of
estimating the effect are avallable in reference 8.

As with conventional alrplanes, the effect of the
thrust on stability 1s directly proportional to the product
of the thrust and the perpendlcular dilstance from the
center of gravity of the alrplane to the thrust line.’
This effect is eontrolled, of course, by the vartical
locatlon of the propeller and the inclinatlion of the
thrust line. The farther above the center of gravity
the thrust line passes, the greater 1s the stabllizing
effect produced by a given thrust; and the farther bélow
the center of gravity the thrust line passes, the greater
1s the Instabillty produced by a given thrust. In any
case, the farther from the center of gravity the thrust
line passes, the greater are the changes 1n .trim due to
the thrust that accompany changes in power. Thils effect
'1s 1llustrated 1n figure 7. The effects of power were
small when the thrust-line axls passed close to the
conter of gravity of the alrplane, When the thrust
line was 0,0l 8¢ below the center of gravity, however,
the stablllity decreased appreclably. At a 1lift cqQef-
ficlent of 0.8, the static margin decreased from
0.0} to 0,012 and the unbalanced pltching moment
intrgoduced by the thrust required about 10 of down
‘elevator -to trim the alrplane,

The propeller slipstream 1s an 1mportant cpntributing
item to the longltudinal stablllity characteristiocs of the
alirplene = particularly for tractor arrangements. The
controlling factor 1s the location_of “the asrodynamic
center of the.portion of the wing immersed in the slip-
stream, If the aserodynamic center’'of this portion of
the wing 1s behind the center of gravity of .the airplane,
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the sllpstream vroduces a stablllzing effect; 1f the
aerodynamlc center. of this portion of the wing 18 ahead
of the center of gravity of the alrplane, the slipatream
produces a destablilizing effect, Deslign parameters
affecting the contribution of the propellier slipstream
are (1) the location of the sectlion merodynamic centers,
(2) the spanwise location of the propellers, and (3) the
inclination of the propeller axis.. The basic moment of
the immersed wing sections also has an effect. Figure 8
Indicates the magnltude of some- of the power effects to
be expected.

For the tractor-tyve tallless alrplane shown in
figure 8, .the thrust line passes near the center of
‘gravlity so that the effect of the thrust 1s negliglble.
The aerodynamic centers of the wing sections lmmersed
In the slipstream are ahead of the center of gravity,
however, and the slipstream therefore produces a
destablizing effect.

'From consideration of changes in statlic margin and
trim, 1t appears desirable on tallless alrplanes of the
pusher type to locate the thrust line close to the center

of gravity of the airplane %%( 0.01 1s recommended

and, 1f feasible, to locate the propeller so that the
gerodynamic centers of the wing sections affected by

the Inflow to the propeller are elther on or slightly
behind the lateral axls through the center of gravity
of the alrplene.

For jet-propelled alrplanes, the location and
inclination of the jet axls exerclses an effect on
the stabillty characteristics of the alrplane similar
to the effect produeced by the thrust of a propeller.
At the present time, 1t appears that the location of the
Jet axis should be governed by the same factors which
woere considered in the discusslion concerning the loca-
tion of the thrust line of conventlonally powered
alrplanes,

Damplng in pltch.- As pointed out in reference 1,
the low value of Cmd assoclated with tallless airplanes
13 no serious disadvantage so far as the damping of the
osclllations are concerned i1f the alrplane has s posltive
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static margin., It appears that dampling 1s introduced
by the particular coupling of the modes of motlion as
affected by the low wvalue of cmq snd by the reduced

radlius of gyration in pitch as shown in reference 1

and figure 9. The results of tests 1n the Tangley free=-
flight tunnel (reference 6) indicated that changes in
the rotational damping in pitch have 1little effect on
the longltudinal steadliness for values of the static
margin greater than 0.035.

It was pointed out in reference 1 that the reduced
damping in pltch of a tallless alrplane might result 1in
‘an uncontrollable motion of the alrplane if the statlc
margln 1s allowed to become negative, Thls contention
has been supported by subsequent tests In the Langley free-
flight tunnel (reference9). The tests indlcated that a
serious form of instability may develon when the statlc
margin of a tallless alrplane becomes negative., As a
result of thlis danger of uncontrolisble motions with
negative static margins, 1t is recommended that the
center of gravity of a tallless airplane nsver be
permi tted, under any condltions, to reach a position
behind the aerodynaemlc center,

Tumbliqg.- A form of dynamic 1nstability of tallless
alrplancs may be manifested as tumbling. Tumbling consists
of a contlnucus pltching rotation about the lateral axils
of the airplene., The maneuver 1s extremely violent and
imposes severe accelerations on parts of the alrplane.

So far as 1s known, there are no authentlcated instances
of the occurrence of tumbling in flight. Models of
tallleas airplanes have been made to tumble in the Langley
20-foot free-spinuing tunnel, however, by forcing the
model to simulate a whip stall. At the present time,
however, llttle 1s known about the mechanics of the
tumbling motion. Tests conducted in the Langley 20-foot
free-spinning tumnel have shown that the positiom of -the
center of gravity has a pronounced effect on the motion,
It appears that orovision of a large static margin
prevents tumbling but that a stable tumblling condition
may exist if the static margln 1s glight. Tests have
shown also that once the tumbling motion has started

the normal flylng controls are relatively 1lneffectilve
for recovery from this stabls tumbling condltion,

. In view of the severlty of the tumbling maneuvers,
it 1s recommended that tumbling tests be requlred of
models of all fighter tallless airplanes.
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~= ... Longltudlnal Control

One of the difflicult problems in the design of
tallless alrplanes 1s the provision of adequate longle-
tudinal control. The type of longltudinal control
usually employed consists of an elevator (or flap)
placed at the tralling edge of the wing, With this
type. of control, the loss 1n 1lift caused by the flap
deflectlon required to trim the sirplene can be apprecisils,
particilarly for a tallless alrplane wilth a large statie
margin, The computed loss in 1lift that results from
trimming the airplane at various values of statlc margin
18 shown in figure 10. It 1s evident from figure 10 that
the loas in 1ift caused by the longitudinal control can
be minimized by placing the control surfaces at the tips
of highly swent-back wings of high aspect ratio. When
the longltudinel control i1s placed near the wing tips,
the elevator can be combined with the alleron in an
arrangement to be dlscussed later 1n the sectlion entitled
"Alleron Control."

Desis% requirement.~ It 1s to be expected that the
elevator stlck-forece requlrements for tallless alrplanes
should be the same as for conventlonal ailrplanes of the
game class, The balance requlrements for tallless
alrplanss, however, are more severe than for conventional
alrnlanes, For the same statlc margln, the slevator of
a tallless alrplane usually must be deflected conslderably
more than that of a conventional alrplane ln order to
produce the sume changes 1n trlim 1lift coefflclent in
flight, The elevator on tallless alrplanes, being an
Integral part of the wing, muat also oparate at all
angles of attack of the wing up to the stall. The
elevator must therefore be balanced over a large range
of angle of attack and deflection.

In order that push forces may be required to
increase the alrplane speed (from trim speed) and that
pull forces may be requlred to reduce the alrplane speed,
the 1nherent upfloating tendencles of the elevator with
inoreasing angle of attack must be reduced. The critical
case for stick-force reversal (called elevator snatch)
1s that for neutral leongltudinal stabllity (or zero
statlic margin). If there is to be no stick-force
reversal for thls case, the variation of the elevator
hinge moment with angle of attack must be zero or positive
at all angles of attack throughout the flight range.
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When thils condition 1s fulfllled, the elevator either
remains stationary or floats down as the angle of attack
1s increased. Further dlscusslon of thls polnt may be
found 1n reference 10,

Types of control.~ A plain flap is unsultable for
use as an elevator on a tailless airplane mainly because
it floats upward as the angle of attack of the wing is
increased., In figure 11, the upfloating tendency of
the flap 1s manifested by the Increasingly negatlve
flap hinge moments that are developed as the angle of
attack 1s Increesed. Various balancing schemes have
been nroposed for redvecing or eliminating the upfloating
tendency of plain flaps but no aerodynamic balances are
yet known that ccmpletely satisfy the dasign requirements.
Several bhalance arrangements, howsver, show promise of
beling satisfactory in two-dlimnensional tests but have
recelved no experimental verification 1n three-dimensional
tests., A few of the proposals are discussed in the
following paragraphs:

(1) Fevels - Figure 11 presents the varilation of
eloevator section hinge-moment cosfficlent with angle of
attack at zero elevator deflection for siralght-side and
beveled elevators with and without internal balance vented
at the hinge line. The curves 1ndicate that the desired
hinge-moment variation with angle of attack cannot be
obtained with Lthese arrangements of bevel and internsl
balance. S8lnce the slopes for all elevators are nearly
parallel at large angles of attack, 1t 1s not to be
expected that favorable curves can be obtalned elther
by further increasing the tralling-edge angle or by
Increasing the length of tke lnternal balance vented at
the hinge 1lilne. .

Reveled elevators also affect the locatlon of the
wing aerodynamic center, The magnitude of the effect
depends on the chord and span of the elevator. 1In
general, the stick-fixed aerodynamlc center of the wing
moves forward with an lncrease in trailing-edge angle,
and the stlck-free aerodynamic center of the wing moves
backward with an increase 1n tralling-edge angle.

(2) Special venting - It has been suggested that an
internal balance be used which has a vent near the airfoil
leading edge. Analysls of available data indicates that,
at large angles of attack, however, this arrangement
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would have thé - same -unfavorable.characteristics as _
the lnternal-balance arrangements vented at the hinge
line, o

An anelysis of pressure~dlstribution data 1ndlcates
than an internal balsnce venbted near the tralling edge
of thse airfoll would give the desirsd hinge-moment varla-
tion with angle of attack. The fact that the pressure
changes in this region of the alrfoll are small, however,
appears to demand an internal balance of such length as
to be Impracticable.

(3) Slots ahead of elevators = As the upfloating
tendency 1nhorent in all control surfacas at large angles
of attack 1s ~avsed by air-flow s2)aratlion over the
control surfaces, 1t has been pronosed that slots be
placed in tas wing ahead of the elevator as:-one means of
suppresslng this effect. Very llittie research has heen
done on tris perticular scheme however and, at the
present time, all thseat can be sald is that 1t might be
advantageous,

(L) Automatleally controlled taba -~ Several rather
mechanleally ccmpleox types of balance have been proposed
to prevent elevatnr-force raversals, Becausoe & tab 1ls
nermally a powerful means of changing slevator hinge
moments, 1t hes been vroposad to nlace a tab on the
elovator and cause thoe tab to deflect upward in such a
manner that the slevator floats down when the angle of
attack 1s increased. The deflection of the tab would be
controlled either by linking 1t- to an internal balance,
sultably wvented, or by linking 1t to a free-~-floating
spanwlise portlon of the elevator called a fllipper. The
flipper should be located along the span in a reglon
where the stall 1s first manifested over the control
surface, Two~-dimensional characteristlcs of several
such flipper-teb arrangements have been computed from
section data, and the results are presented 1n filgure 12.
Some of the conflgurations result in hings-moment slopes
that dre elther zero or positive at all engles of attack,
If simllar chuaruacteristics could be obtaired in three-
dimensional fiow, no stick-force reversal  would occur
for those coubinations. The stick force could be .
controlled m»y adapting a spring aither to the sams tab
or to an-auwziliary tab.

(5) Spollers - The possibility of using a spoiler
as an olevator has been suggusted as a means of avolding
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stick=force reversals., The loss in 1lift accompanying

the production of a glven pitching moment 1s greater
with the spoller control, however, than with the elevator
control. . Unpublished tests of rearWardlv located spollers
on two different models confirm. the fact that spoller
projectlions of less than .0.0lc produce negligible i
changes in 1lift. Such a spoller 1s' undesirable for
longitydlnal control because a small stlck movement
produces no change in trim, whereas a larger movement of
the stick may produce 1arge changes in trim and normal
acceleration, The charac¢teristics of spollers can be
controlled somewhat by adjusting the spoiler span and by
incorporating speclal venting to the apoiler.

Inasmuch as the spoiler may be located ahead of an
alleron, an upward deflection of the spoller would
cause the alleron to have an upfloating tendency and at
the same time cause the allerons to be less nearly
balanced,

Control for take-off.- Under take-off conditions,
the longitudinal control, besides supplylng a pitching
moment large enough to trim the wing at the 1lift coef-
fleclent corresponding to the ground angle of thes alr-
plane, may be required to supply the "additional" pitching
moment necessary to counteract (1) the pltching moment
of the welght of the airplane about the point of contact
with the ground, (2) the pitching moment created by the
friction force on the wheels, and (3) pitching moments
arising from interference caused by the proximity of the
alrplane to the ground (references 11 and 12). In order
to make certain that the -alrplane has adequate longltudinal
control to compensate for these additional piltching
moments arlsing during the take-off, the Army requirements
for en airplane equlpped with a tricycle landling gear
state that the longltudinal control.shall be powerful
enough to pull the nose wheel off the ground at 80 percent
of the take-off speed during operation off terrain where
the coefficlent of friction 1s 1/10 (reference 13). An
idea of the magnitude of the "addlitlonal" piltching moment
that the longltudinal control must supply to ccmpensate
for the extraneous effects assoclated with take-off’ may
be obtained from flgure 13.

Because of the short moment arm assoclated with
_the elevator of a tallless alirplane, it 1s extremely
difficult to design an elevator that can alons supply
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the pltching motments necessary to: meet the Army take-off

requirements; for example, point A spotted on figiure 13(c)

was coinputed for a typlcal tallless alrplene.- For thils

case, a pltching-moment coefficlent of -0.3%35 1s needed

to ralse the nose wheel off the ground. -  The elevator

effectiveness Cng_~ for thils airplane 1s only -0.003 per
o : ) TN ..

degree, and thus ‘the elevator cannot ralse the nose wheel
for take-~off, In order to remedy this:.situation, 1t has
been proposed to utilize the nose wheel as a Jack to

ad Just the ground angle during the take-~off run.  If some
scheme of thils type 1s not provided, ‘it -appears likely
that tallless asirplanes mey experierice difficulty in .
raising the nose wheel off the ground at take-off 1f. the
landing-geer angle 6 1s large, particularly with large
statlc murgins. : -

Center-of-gravity range.~ Cn the basls of the
longitudinagl stabllity and control nroblems which have
been discussed, 1t appears that the permlssible range °
of center-of-gravity position compatible with satlsfactory
flight hehavlior 1s more critical for taililess alirplanes
than for conventlonal alrplanes. If the statlc margin
becomes negative, there 1s dangér of encountering
longitudinal instability either as a divergence from
stralght flight or as tumblling., If the static margin -
is too great, the elevator control mey not be powerful
enough to ralse the nose wheel off the ground at take-off.
Furthermore, if the static margin 1s large, the elevator
deflectlon required to trim the alrplans in"level flight
may seriously impalr the efficlency of the wing with a
consequent loss In performance of the alirplane. At the
present time, & range of ultimate static mergin from 0.02
to 0,08 appears to be reasonable for tailless airplanes.

LATERAL STABILITY AND CONTROL -
Directional Stabllity -

Since ‘the publication of reference 1, several models
of tallless airplanes have been tested in the Langley
free-flight tunnel. It has been verified from these
tests that the amount of dlrectional stabllity possessed
by tallless airplanes should be as gredt as required on
conventlional airplanes 1f the same requirements regarding

satisfactory flying quallties are to be adhered to. The
]
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value. of the directional-stebility paremeter an
Y

recommended for conventlonal alrplanes, 1s usual
greater than 0,001 ner degree. As evidenced from
figure 1ll, however, models have been flown in the
Langley free-flight tunnel and with a value of Cnﬁ of

only one-third this amount although the best flying
qualities of these models were obtalned with values
of Cnp In excess of 0,001..

The inherent aerodynamlic characteristics of the
wing alone have sometimes been tried as the source for
directionael stability. The amount of stability contri-
buted by the wing depends on the wing plan form and the
11ft coefficlent. The effect of the wing plan form
does not appear large but more data are needed on this
subject. The directional stability of the wing alone
Increeses somewhat with 11ft coefficient. The direc-
.tlonal stabllity at low angles of attack for the wing
alone hag generally been found to be inadequate although
adequate stabllity may sometimes exist at high angles of
attack,

A pusher propeller usuelly contributes a small
degree of directional stability because of the sta-
billlzing normal propeller force. If, 1n additlon, the
pusher propeller 1s mounted behind a vertical tall sur-
face; an addltional increment 1n directlonal stabllity
is realized from the vertical tall surface because of
the effects produced by the inflow of ailr into the
propeller,

The destabilizing effect of a fuselage or stream-
line nacelle on the dlirectional stability has been
discussed in reference 1. The destabilizing effect of
the fuselage and nacelle of tailless airplanes is
usually at least as great as the stablllzing effects
contributed ‘by the wing alone, It is therefore necessary
on tallless alrplanes to provide some method of supplyling
directional stability.

The provision of .adequate directional stability for
tallless alrplanes 1s more difficult than for conven-
tional alrplanes because of the short longltudinal moment
.arm, A variety of fin arrangements and end plates of
the type discussed In reference 1 has been tested on
models of tallless airplanes in the Langley free-
flight tunnel 1n an effort to lmprowve the directlional
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stabillity of. apeoific models., A. reaumé of some of the
more pertinent considerations that have. ‘evolved from
these tests 1s given in the subsequent discussions.

(1) Fins - It has been found that, for a tallless
alrplane having a straight wing, adequate directional
stabllity can be provided by .vertical tall surfaces ,
located at the center section of the wing near the

. trailing edge (or on:the fuselage 1f one 1s avallable).
The .silze and number of vertical talls necessary for a.
speclific design of course depends primarily on the
degree of directional stability required. When multiple
talls are used, i1t appears to be preferable to use as
few talls of as high aspect ratlio as possible because
(a) fins of high aspect ratio are more effective than fins
of low aspect ratio, (b) the interference effects between
adJacent vertical fins are minimized, and. (c¢) much of
the fin 1s outslde the relatively thick boundary layer
on the upper rear surface of the wing.,

If the tallless alrplane has a swept-back wing,
the usual practice 1s to place the vertical tall surfaces
at the tips rather than at the center section in order
to take advantage of the longer moment arm avallable,
When vertical fins are placed at -the wing tip extremitles, -
however, the moment arm assoclated with the drag of the
tip fin 1s so large (one-half the span) that the drag
characteristics as well as the 1ift characterlstics of the
tip fins exert an influence on the directional stabllity.
The relatlive contrlibution of the 11ft and drag of the
tip fins to the directional stabllity of the alrplane
of course depends on thelr inherent aerodynamic charac=-
teristics. Some attention must accordingly be devoted
to setting the initial angle of the tlp fins.

If directional stabllity 1s to be obtalned with
tip fins of low aspect ratlio (less than about 2), the
tip fin must be set with some 1nitlal toe-1n because of
the large 1nduced drag assoclated with lifting surfaces
of low mspect ratio. When the alrplane 1s yawed, the
stabllizing moments generated by tip fins are produced
by the large induced drag of the forward wing tip. If,
on the other hand, directional stabllity is to be
obtalned with tip fins of moderate or high aspect ratio,
the tlp fins must be set with some inltlal toe-out.
With toed-out tip fins, the stabllizing moments are
generated by the outwardly directed 1lift as explalned
In reference 1. The stalling characteristics of the
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tip fins, moreodver, are an lmportant design consideratlon.
When an airplane with toed-out tip fins 1s yawed to an
angle sufficient to stall the rear tip fin, a large
destabllizing moment 1s generated by the increased drag
of the rear tip fin. On the other hand, when an airplane
with toed-in tip fins 1s yawed to an angle sufficlient

to stall the forward tip fin, a large stabllizing moment
is produced, The manner in which the stalling of toed-in
and toed-out tip fins affects the directional stabillty
of the airplane 1s illustrated in figure 15.

It has been suggested that the effectiveness of
drag tip fins can be augmentsd by employlng an airfoll
section possessing aerodynamic characteéristics simllar
to those shown in figure 16 for the NACA 4306 airfoil.
In practice, the tip fins are set at the correct angle
of toe=in for zero 1ift 1in stralght flight. When the
airplane sideslips, the angle of attack of the leadlng
tip fin 1s made more negative end thue causes a large
increase in the profile-drag coefficlent due to flow
separation; whereas, at the same time, the angle of
attack of the tralling tip fin is increased positively
and thus causes only a relatively small increase 1n its
profile-~drag coefficlent. Drag fins of thls type have
not been tested in flight. A lateral osclllation may
posslibly develop as a result of drag hysteresls, although
such an effect has not been observed in tests of small-
scale models,

The most effective tilp fins tested 1in the Langley
free-flight tunnel have been based on the profile-drag
principle. Tip fins based on induced-drag principles
have ‘been somewhat less effective. The tip fins based
on 1ift principles have been the least effectlve tested
because of the short moment arm assoclated with the
11ft tip fins. The moment arm, however, 1s controlled
by the angle of sweep so that, for wlngs with a large
amount of ‘sweepback, 1t may be feasible to design an
effective 1ift tip fin. Central fins have generally
been satisfactory, particularly 1f mounted on the end
off a fuselage,

(2) Turned-down wing tips - The amount of inherent
" directional stabllity possessed .by'a wing may be
increased by turning down the wing tips; thus, in
_effect, the wing tips are made to functlon somewhat

as lower-surface tip fins and the 1increased directional
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stability is manifested through the outward 1lift
developed on the wing tips. The inc¢orporation of -
poslitive dlhedral angle on the wing, however, results
in a decresass in directional stabllity because the 1lift
of the wing ltself 1s directed inward ragther than out-
ward (flg. 17). The destabilizing influence of a
posltive dlhadral engle must be taken lnto account in
computing ths directional stabllity required - -of the .
wing tips. An examinaiion of figure 17 indicates -that
the effects of the dihedral can practically nulllfy the
effects of the turned-down wing tips, Turned-down wing
tips are belleved to be less ‘satisfactory for securing
directional stability than fins of the types previoualy
dlscussed, )

(3) Automatic control - It has been suggested that
a tallless alrplane of very low directional stabllity
with fi:ted controls could be flown satisfactorily if an
automatlic pllot were geared to the directional control in
s1ch a manner that when the alrplane sideslipped the
amount of directlonal control supplied would be sufficlent
to 1ncrease the effective value of cnp. Reference 1

Includes the sugzastion that the directional control
could ve linked with the alleron control in order to
minimlize the effects of adverse alleron yaw. It is
bellevsd that satisfactory flight behavior could be
obtalinad wlth such automatlc-stabllizling schemes although,
at the present tlime, no flight investigations of such
"applications have been reported.

Directional Control

The requirements of rudder control for tallless
alrplanes are essentlally the same as for conventional
alrplanes, Rudder control 18 necessary to counteract
the adverse yaw occurring durlng rolllng maneuvers and
to provide sufficient directional control to trim the
alrplane dlrectionally at operation under asymmetric
power conditions., At the prosent time, the solution to
the problem of creating adequate directional control
rests primarily in reducing the yewing moment that such
a control must overcome; thus,it is of particular
advantage on tallless airplanes to locate the propellers
as close as possible to the centeér.line and to provide-
allerons that create favorable yawing moments when
deflected,
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The provislon of'aedequate dlrectional control on
e tallless airplane wlth rudders based on 1lift principles
1s difflicult because of the small moment arm avallable
for control. Computations have 1ndicated that rudders
based on 1ift princliples alone generally are not able to
counteract the yawlng moments generated by severe
asymmetric thrust conditions even if mounted at the tilp
of a swept-back wing. Lift rudders must also develop an
apnreclable side force bYbecause of the short moment arm.
In order to compensate for this slde force, the tallless
alrplane nust be sideslipped or banked an apprecilable
amount because of its low lateral resistance. Some of
the. flight difficulties that may arise as a result of
these circumstances are discussed in reference 1. Some
use has been made, therefore, of directional control
that 1s dependent upon drag characteristics because of
the large moment arm which can be obtalned by locating
the drag directlonal control at the wing tip.

. It appears possible to design a rudder based on

drag principles utilizing a double split flap (brake

flap) that could trim the yawing moments caused by
asymmetric thrust conditions (fig. 1€). It 1s cautioned,
_however, that split-flap rudders may generate undesirable
rolling moments along with the yawing moments produced.
This tyoe of rudder may also affect the performance of the
alrplane 1f the drag Increments necessary for control are
very large. At the present time, speciflic deslgns of
rudders of this type should be developed experimentally.

The use of propellers mounted 1n the wing tips has
been proposed as a method for supplylng dlrectional
stability and control. Such a system could, of course,
be used esslly with an automatic pllot. It 1s belleved,
however, lhat structural considerations may make such
an arrangement impractlicable at the present time.

Dihedral

THe requirements of dihedral for stability are
essentlially the same for a tailless airplane as for a
conventional ailrplane. Computations of the type presented
in references 15 and 16 and investigations conducted in
the Langley free~flight tunmnel (fig. 1} and reference 17)
have indicated that, 1n the lnterest of lateral control
and steadiness in gusty alr, 1t is desirable to keep the
effective dlhedral angle small., The results of these
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investigations have indicated that, for satisfactory
.lateral stabllity, the effectlve dlhedral angle should
not exceed a valud”cbrfébﬁoﬂding‘tO"czp = 0.,00%-per --
‘degree, This value of C1g corresponds to a gecmetric
" dihedral angle of about 5°"on a plain wing with no.
sweepbaock, It is noted that for a wing with no sweep-
back Cy is practically independent of 1lift coeffilclent.
B
Effeot of sweepback.- Systematlc lnvestigations to
determIne the elfect ol sweepback and taper on Czp are

belng conducted. The limited data avallable at the
present time indlicate that the effectivéd dihedral

of a swept-back wing increases with angleaof attack; 1t
is thus advisable to use a geometric dlhedral angle of
about 0° in order that, at the higher 1ift coefficlents,
the effectlive dlhedral does not sxceed 3° or 4°. The
Increase in Clﬁ with angle of attack for a swept-back

wing 18 not so detrimental as might first be supposed,
however, because of the accompanylng increase 1in :
woathercock stablility. An empirical formula for estimating
the effect of sweep on Czﬂ is discussed in reference 18.

Effect of sweepforward.- The effective dilhedral of
a swept-~Iforward wing decreases as the angle of attack i1s
increased, Some idea of the magnitude of the effect
to be expected 1s given in reference 18. There is an
indlcation also that the weathercock stabllity of a
swept=forward wing may decrease with Ilncrease 1n angle
of attack. This effect would make the attainment of
lateral stablllty over a large range of angle of attack
difficult, More information on swept~forward wings 1s
needed, however, in order to evaluate these effects.

Aileron Control

The alleron control of a tallless airplane presents
no problems greatly different from those for ¢onventlional
airplanes, .An sffort should be made, however, to avold
adverse alleron yawlng moments, partioularly if the
directional stability 1s low, 1n order to minimize the
sldeslip developed during rolling meneuvers. Adverse
alleron yawing moments can be minimlzed by uprigging ..
both allerons. or by utillzing rotatable wing tips of .-
the type previously described. In order to overcome -
the effects of adverae alleron. yaw, 1t may be of
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advantage to employ a spring conneotion between the
alleron and rudder control in a manner described in the
section entitled "Tactlcal maneuvers,” It 1s desirable
also that no pitching moments be produced by.the deflec-
tion of the allerons because the allerons have nearly
the same moment arm as the elevators, It 1s necessary
therefore to use allerons with an ‘equal up and down

deflection,

Spoller control.~ The use of spollers for allerons
on tallless alrplanes has besen advocated from time to
timé, If only upgoing spoiler projections are used,
the pltching momsnts developed are prohibitive. A
. 8poller arrangement employling equal up and down pro-
Jeetions would improve this condltlion but the data ..
avallable are insufficlent  for evaluating conclusively
the merits of such a- system.

Elevon control - For some tailless airplanes
utillizing a swept-back wing, allerons placed near the
wing tlps have been made to act also as elevators
because the most effectlve positlon for both controls
1s near the wing tips and because larger-span lift
flaps can be employed 1f the two controls are combilned.
Such an arrangement, called elevons, combines the design
requirements of both alleron and elevator in one control
and introduces additional problems,

The total effective deflection range for an elevon
must be the sum of the ranges required for the alleron
and elevator. .The fact that the neutral poslition of
the elevon may be at some upward deflectlion when it 1s
functloning as an alleron can be utllized to a certaln
extent in reducing the' alleron stick forces. With a
large static margin, however, the full alleron deflection
~used with the large upward-slevator deflectlion required
at low speed may produce large: pltching moments and
small rolling moments because the upgoing elevon may
stall., In order.to improve thlis condition in some' designs,
the use of an auxillary longltudlinal trimming device
called a pltch flap has been proposed, The plitch flap
1s located.outboard of the alleron. With such a devilce,
the lateral control could be obtalned at low speeds by
supplying most of the trim with the pitch flaps and
thereby minimlzing the upward deflection of the elevons,
The elevons then would be deflected as allerons over a
greater linear range of the curve of rollling moment
agalnst deflection.
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The conditions regulating the balance of an elevon
for a typlcal -large .tallless.alrplane .are indicated in
figure 19, The ranges of values of Oha and oha that

satlsfy the stlpulated elevator and alleron requirements
independently were evaluated by the methods glven 1ln
references 10 and 19. The crosshatched reglon includes
all values of °h5 and cha that satisfy simultaneously

the stipulated elevator and aileron requirements. The
elevon must be balanced over a much larger. deflection

" range than elther the. elevator or alleron alone and,.
because of the 1lncreased deflection range required,
greater physlcal limltatlions are imposed concerning the
longth of the internal balance that can be used. The
consliderations that have already been discussed in regard
to controlling the upfloating tendency of the el evator
with angle of’attack also apply to the elevons,

Trimming-tab operation of elevons differs from that
for allerons alone in that the tab must trlm the hinge
moment of each elewvon to zeoro when 1t 1s desired to trim
the airplane in roll in order to prevent ths development
of elevator stlick forces, For allerons alone, 1t is
essential only that the tabd cause one alleron hinge
moment to balance that of the other alleron,

Section data from unpublished tests of an internally
balanced, beveled, 0.18c elevon with 0.25cg tab indicate
that for angles of attack up to the stall a full-elevon-
span tab deflected #20° could trim to zero the hinge
moment of an elevon deflectad #25°, The same data,
however, indicate that little 1f any additlonal rolling
moment can be produced by deflectling the elevon upward
beyond 25° at large angles of attack.,

Dynamic Stabllity

Damgigg in yawing.~ For tallless airplanes, the
rotatlona amping 1s lnvarlably low on account of the
reduction of the tall length. A comparlson-of the
measured damplng-moment coefflclent due to yawing at a
11ft coefficient of 0.60 for various tailleas airplanes
end a conventional airplane 1s given in flgure 20. The
values were obtained by the free=oscillation method
described in reference 20. The portion of chr con=-

tributed:by the wings canbe estimated from the data
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in reference 21, .It was pointed out in reference 1,
.however, that ‘within the usual 1imits of dihedral and
directional stebility the damping of the lateral oscil-
lations is generally greater than would be indicated from
only the damping due to yawlng veloclity. Subsequent

. experlence 1n flying tallless models in the Langley free-
flight tunnel has substantiated thls statement, and it
-appears that the small values of the damping parameter C

associated with tailless alrplanes will not be excessively
detrimental to the flying qualities provided the direc-
tlional stability of the airplane 1s adequate. The damping
of the lateral oscillations 1s llkely to be ecritlical in
the high-speed condltlons because both Cnr and the

coupling. between the yawing and rolling motion tend to
diminish at -the-low angles of attack.

0n account of the low valves of cnr associated

with tallless. airplanes, some apprehension has exlsted
concerning the  larpe  angles of sldeslip that may be
developed when the. airplane 1s subjected to a dlsturbance
of the type produded by asymmetric loss of thrust. There
appear to be no‘data pertaining to the direct effect of
cnr on & sideslipping motlon of thls type. The expe-

rience acquired in flying tailless-alrplane models in
the Langley free-flight tunnel has indlicated that the
effect of C, 1s probably secondary to other parameters.

T
The results presented in neference 1% Indicate that the

maxirmum amplitude of the sideslip oscillation 1s .
influenced markedly by the rolling moment due to the
sideslip €, .ahd partlecularly by the yawing moment due

to the sidéslip Cn e Increasing either the directional

stabllity or the dlhedral reduces the magnlitude of the
sldeslip generated by a yawlng moment but the greatest
reductlon in sideslip appears to result from increasing
the directional stability

Spinning.- Tests conducted in the lLangley 20-foot
free-spinning tunnel have indicated that the steady-
spin characterlistics of tallless airplanes are essentlally
the saue as for conventlonal alrplanes. The control
manipulations required-for reoovery from a steady spin,
however, have been found -to depénd on the type and
locatlon of the control surface.employed.
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For tallless alrplanes that have a vertical tall
mounted -at’ the rear of a fuselage, the application of
rudder controél woild probably affeot the spin. in.a manner
similar to that for a conventlonal alrplane because the
vertical tall i1s not blanketed by the- -wing. °If the
vertical tall is located -on the rear upper surface of
the wing, however, the rudder control is likely to be

-+ lneffective because of the blanketlng effect of the wing.

For: tallless alrplanes that have vertical tails at
the wing tips, the application of rudder control would
‘probably be effecﬁive for spin recovery, particularly 1if
the rudder extends below the wing.. For tallless-
alrplane-designs without a fuselage, spin recovery has
been found to be expedlited by application of rolling
moments against the spin. The ailerons therefore should
be moved against the spin for best recovery. The moments
produced by tralling-edge drag rudders 1n the stalled range
of angle of attack may be considerably different from those
in the unstalled range. Some types of drag rudder have
been found to produce apprecilable pro-spin rolling
moments when avpllied agalnst the spiln and therefore are
not effectlive for recovery. It 1s recommended, thoerefore,
that the aerodynamic characteristlcs in yaw for different
rudder deflections of tallless=-alrplene designs that have
drag rudders be obtalned at angles of attack beyond the
stall 1f the possibllity of a spin appears llkely. The
results of these tests would facilitate the evaluation
of the relative merits of alternative rudder designs.

For a complete investigatlion of the recovery character-
1sties, spln tests of the model are usually required.

Tactical maneuvers.,- The sultabllity of tallless
airplenes Iror perlforming tactical maneuvers of the nature
required for formation flying, bombing, and asrilal combat
has been the subjJect of frequent dlscussion. ¥Frqm con-
8lderations previously dlscussed, 1t appears that adequate
directional stabllity 1s a necessary requlrement for
steadiness and ease of control, The fact that.:the lateral
resistance associated wilth tallless alrplsanes is low may
preclude the possibility of making flat turns with the
rudder alone. At the present time, however, little
information 1s avallable concernling the influence of .
side area on the lateral flylng qualitles of tallless
alrplenes. More research 1ls needed on thls subject,
particularly in regard to the effects produced by the
different directional-control devices mentioned in this

papers
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The argument has bgen advanced that a pllot flylng
a flghter tallless alrplane willl experience difflculty
in keeplng his gunsight alined wlth the target. It 1s
belleved however that, 1f the tallless alrplane possesses
the same directional stability and- dithedral characterlstics
as are démanded for conventional ailrplanes, the controlled
motions during the normal accelerated maneuvers should
not differ appreclably from those of the conventional
alrplane. .

-In view of the 1llkellhood that the successful
tallless~alrplane deslign may yet have lower directional
stablllty than conventlonal alrplanes, the effect of
adverse alleron yaw on the pllot's aim may be more
pronounced and in such-cases a spring connection between

..the alleron and a. trimming tab on the rudder may be’
‘necessary in order to satisfy the following criterion:

c C c
g P6g Dy

St <
Cig  Clgy Cip

Such an arrangement should improve the steadiness of

fligrrt

GENERAL CONSIDERATIONS OF:TAILLESS
AND CONVENTIONAL AIRPLANES

In recent years opinlon has been divided as regards
the relative adaptabllity of tallless and conventional
alrplanes for both fighter and bomber alrplanes as
evidenced by the varliety of desligns that have appeared.
Some observations concerning the relatlive merits of
tallless and conventional designs are offered here
from conslideration of the stabllity and control problems
that have been dilscussed.

Small alrplanes.- On account of the thin wing
sections required for high speed, the volume enclosed
by the wings of a small airplene 1s not large enough to
carry all the load; consequently, 1t 1s necessary on
small airplanes of elther the tailless or conventional
type to incorporate a fuselage or some other load-
carrying element. It appears also that a vertical tail
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i1s necessary for dilrectional stabllity, The difference
between a small tallless airplane and a small conven- .
tional alrplane, therefore, 1s essentidally dus to the
suppression of a horlizontal tall as a means of obtaining
longitudinsel stability and control, If the conventional
airplane were permitted a reduction in maximum 1ift
comparable with that tolerated on tallless alrplanes,
the tall size could be reduced considerably. With the
small horizontal tall then allowable, the conventional
alrplane might have a performance comparable with that
usually claimed for tallless alrplanes wlthout the
restrictlions attached to the longitudinal control.

Large alrplanes.~ For large alrplanes, having
spans o o feet, the volume of the wing alone
may be sufficlent to enclose bulk or weight of an
appreclable magnitude even with the thin wing sectlions
required for high speed. There 1s 1little reason to
suspect that conventlonal alrplanes of equal span will
have any less wing space avallable for cargo purposes
than tailless alrplanes. It appears, therefore, that
the suppression of the fuselage as a load-carrylng
element 1s primarily a matter of airplane slze rather
than of type.

In splte of the suppression of the fuselage,
however, a vortical tall may be nécessary on any large
alrplane, particularly on bombers, 1f optimum directional
stabllity and control are to be obtalned. Some method
must also be provided for obtalning longltudlinal control.
Whethsor the longltudinal control is obtained by elevons
or by a horizontal tall located on & tall boom would
seem to have a secondary Influence on thne ultlimato
performance to be expected. On the basls of the present
knowledge of the stabillity and control characteristilcs
of tallleas airplanes, 1t appears desirable to make a
comprehonsive study of the comparatlive performance to
be expected from tallless and conventlonal airplanes
before proceeding farther with stablllty and control
8tudles,

Langley Memorlal Aeronautical Laboratory

Natlonal Advisory Committee for Aeronautics
Langley Fleld, Va. -
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