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SUMMARY

Some problems in the design of tallless airplanes are
discussed. The conditions essential to the flight of such air-
planes are determined, and a survey of methods of calculating the
aerodynamic characteristics of plain wings and wings with flaps
and ailerons deflected is presented. The effect of adding a
fuselage and wing nacelles to a wing to form a practical airplane
is discussed.

Consideration is given to the problem of damping of
longitudinal oscillations, and a method of calculating the
damping in pitch of a sweptback wing alone is presented.

An example is carried through to illustrate the
application of all the material covered in the paper. In all
respects considered, the tailless airplane is shown to be

comparable to normal type airplanes.



INTRODUCTION

There have always been men who wanted to fly, men who felt
that their science was equal to the achievemenﬁs of the birds. And
now, after many years of experimentation and endeavor, men do fly.
Their flying machines are the cumulative result of achievement in
many fields. Even after men believed they knew how to fly, they
had to wait till suitable power plants were available. The modern
airplane is equally the result of steady progress in engines, methods
and materials of construction, and knowledge of aerodynamics.

With our present broad knowledge and understanding of the
problems involved in flying, it is time to look back over our
progress, to chart the trails we have followed, and to investigate
the possibilities of trails which were neglected by or unknown to
the early experimenters.

It must be admitted that there is the real possibility
that in the early days the progress of aviation was made in some
other than the best direction. This is so because the early pro-
gress was made by experimenters who followed empirical rules and
results. Anything which worked or showed promise of working was
eagerly developed. A few pioneers, who had had some success,
became leaders. The others followed them., Thus the whole indusiry
grew in the direction in which the first successes were made., This
is quite natural, as it is the common attribute of human beings to
cling tenaciously to the past, and make at most small improvements

on it, rather than to attempt an entirely new approach to the problem



after the first bit of progress has been made.

The modern airplane, after years of development along the
original lines, flies very well. But it still has a number of
faults. Stalls, spins, and fast landings have taken a huge toll
of lives.

Admitting this possibility of error in an empirically
developed process, and in the light of our modern theoretical
knowledge, let us return to the begimning and discuss the pos-
sibilities of development of the flying machine.

The airplane is a machine designed to navigate through
terrestrial space. Its necessary elements are: a means of lifting
it into space; a means of keeping it there in a position of stable
equilibrium; a means of propulsion through space; and a means of
controlling and directing the 1lift, propulsion, and equilibrium.

The best airplane is the simplest machine which will
fulfill these requirements.

We know that there are available several lifting devices.
There is the conventional wing as used on airplanes today, and
its variations in the form of the autogyro and the helicopter.
Lift may also be obtained by the use of cells of light gas, as
in dirigibles.

Propulsion is ordinarily obtained by the use of screw
propellers, which operate on the same principle as the wings.
Consideration has also been given to the use of jet propulsion,

as with rockets.



In the ornithopter, or flapping wing type, an attempt has
been made to combine the 1ift and propulsion into one operation.

PFhile development might be made along any of these lines,
we shall here restrict ourselves to a discussion of the pos-
sibilities in the use of a fixed wing surface, with whatever
auxiliaries may prove necessary, and propelled by a separate
means, presumably an engine propeller combination.

Such a fixed wing surface may be varied as to planform
and airfoil section., Auxiliaries, such as flaps and external
elevators and rudders, may be employed in various ways. It is
our purpose to investigate the configuration which shows most
promise of development into a flying machine comparable to our
present day airplanes. It is especially desired to simplify the
airplane by developing a form which requires as few auxiliaries
to the main lifting element as possible., This means, in partic-
ular, that the horizontal stebilizer is to be eliminated if
possible.

Now let us turn to the modern aerodynamic theory and study
the characteristics of wing surfaces. The flow about two dimensional
airfoils has been analyzed very carefully. It has been shown
theoretically that the air forces acting on such a section can be
broken into a 1ift and a moment, and that there is a point, known
as the section aerodynamic center, about which the moment is constant
for all angles of attack up to the stall. The menner in which the
1ift and the moment depend on the angle of attack and on the camber

of the section has beenidemonstrated.



A three dimensional airfoil theory has evolved from this
two dimensional analysis. A few simple approximations and the
concept of a series of elements of two dimensional airfoils placed
side by side, with each element influenced by the vorticity shed
from each other element, gave a simple and workable picture.

Mathematical analysis has shown that under these as-
sumptions every three dimensional wing has properties like those
of a two dimensional airfoil section. That is, it has an aero-
dynamic center about which the moment is constant and through
which acts a 1lift force whose magnitude is proportional to the
angle of attack of the wing. In addition, the phenomenon of in-
duced drag appears with the three dimensional wing, but it is not
necessary to consider it here. As a result of this study, it was
established that the moment about the wing aerodynamic center was
due to the elemental moments about the sections making up the wing
and to what is called the basic 1ift distribution. This basic 1lift
distribution, the 1lift distribution for zero total 1lift on the
wing, is dependent on the wing planform and the wing twist. The
moment due to this distribution depends on the sweepback of the
wing. The location of the wing aerodynamic center and the mag-
nitude of the constant moment about it are susceptible to cal-
culation.

The theory has explained the nature of the forces acting
on a wing which is moving through the air, and enables us to
calculate the magnitude of these foreces, to resolve them into a

Variablé force and a constant moment, and to locate the point



through which the variable force acts. By reason of understanding
these things and the factors influencing them, we have a degree of
control over the location of the serodynamic center and the mag-
nitﬁde of the moment about it. We can use this kmowledge in our
attempt to design a simple flying machine.

From the wing alone, we get the 1ift which was our first
requirement for flight. By choosing the moment about the wing
aerodynamic center properly, we can satisfy the condition that the
machine be in a position of static longitudinal equilibrium in its

flying attitude. L
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We see from the arrangement shown that if a wing with a
stalling moment about its aerodynamic center is used, and balance
is obtained by requiring that the center of gravity of the system
fall ahead of the aerodynamic center, Qigplacements from the equilib-
rium attitude will introduce 1ift forces which will tend to restore
the system to its original poéition. Thus a simple wing, properly
designed, will easily satisfy two of the vital requirements of a
flying machine. Since this is the case, let us investigate the
mammer in which this wing will meet, or can be made to meet, the

other requirements. These, with the exception of propulsion,



concern the sbility of the plane to maintain itself in flight in a
condition of dynamic equilibrium about all three axes, and the
possibility of controlling the plane in its flight.

First, what are the variations which lead to the simple
wing with a stalling moment about its aerodynamic center? There
are three possibilities, sweepforward with twist which increases
the angle of attack at the wing tips, sweepback with twist which
decreases the angle of attack at the wing tips, and a wing using
an airfoil section which normally has a stalling moment about its
aerodynamic center. The sweepforward arrangement is neglected from
the start, as it is unfavorable from the standpoints of wing tip
stalling and directional stability. The straight wing with stable
airfoil section is likewise ruled out because of a probable
deficiency in damping during pitching oscillations and the small
degree of pitching control possible. We are left, then, with the
wing with sweepback and aerodynamic twist or a stable airfoil
section, or a combination of both.

In order to achieve lateral stability, it may be necessary
to equip this wing with some form of vertical fin surfaces. Control
will be obtained with wing tip ailerons and rudders on the fins.

A combination of flaps and slots mgy be used to obtain high 1ift
coefficients from the wing.

We have thus arrived at a simple wing arrangement which
may possibly prove to have advantages over the conventional airplane
as the ultimate in flying machine using a fixed wing surface as

the lifting element.



In the present paper the advantages and limitations of
this type of aircraft are studied and discussed, and consideration
is given to the use of various auxiliary devices designed to broaden

the scope of usefulness of the machine.
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NOMENCLATURE

Wing span, normal to axis of symmetry.
Wing area.

Wing aspect ratio.

Wing chord.

Wing chord at root.

Wing chord at tip.

Sweepback angle of the line connecting the 25% chord
points of the sections.,

Total aerodynamic twist between root and tip sections.
Negative for washout, or tip section at lower angle of
attack than the root section.

Slope of the section 1lift curve for infinite aspect
ratio, per degree.

Slope of 1lift curve for a wing of finite aspect ratio.
Wing 1ift coefficient.

Moment coefficient sbout the wing aerodynamic center.
Section 1ift coefficient.

Section moment coefficient. Depends on camber.



CML\» Wing moment due to basic 1ift distribution.

Cms Wing moment due to section moment characteristics of
the airfoils used.

Crioy =Cmy, + Cmg = DlNoment of the wing alone.

,é b Section loading due to basic lift distribution.

La Section loading depending on wing 1ift coefficient.

,[ e Section loading due to deflecting ailerons or flaps.
L Total section loading.

A X Change in zero lift direction of a section when a flap

is deflected.

& Angle of attack of any section, measured from its zero
rection.
1ift directi
Al Tncrement in 1ift coefficient due to deflecting an
aileron or flap, the attitude of the wing remaining
fixed.
A, Cupe Increment in moment coefficient due to the 1lift forces

when an aileron or flap is deflected.

4, Crmac Increment in moment coefficient due to changes in
section moment coefficients when aileron or flap is
deflected.

ACMAC = A, CMA‘: + Az CMAC
54 3 S° Angular deflection of flap or aileron, in degrees.

a.c. Wing aerodynamic center.
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Angular velocity in pitch about the airplane C.G., in
radians per second.

Angle of attack of a wing measured from the zero 1lift
direction of the root chord.

Mean chord used in determining moments and moment
coefficients.

Distance of the airplane C.G. ahead of the wing
aerodynamic center.

Distance of the wing aerodynamic center behind the
quarter chord polnt of the root chord.

The following quantities are defined in reference 1

and evaluated by means of tables and charts presented therein:

™~
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THE AFRODYNAMIC CHARACTERISTICS OF A WING

The Prandtl wing theory is used as a basis for calcu~
lating the characteristics of three dimensional wings. In this
theory the wing is replaced by a lifting vortex line with a sheet
of trailing vortices behind it. It is assumed that the entire flow
is two dimensional, that the trailing vortices follow the direction
of the undisturbed stream, and that all vertical velocities are

small compared to the forward velocity.
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The 1ift acting on each elemental length is perpendicular

to the relative wing over that section; and given in magnitude by

dl= pUW I’ 0“‘1 , since vertical velocities arve small. The
trailing vortices induce a downwash over the wing given by
&y = = & 2‘%‘7 i
9 = I 6{?7 . This downwash acts to change
b J-7

the direction of the 1lift force acting on the wing, inclining it
backwards to produce a component parallel to the undisturbed flow

which is known as the induced drag.



The 1ift at any section can be expressed as:
dl=+tp@?c Gdy = plt dy
and the section 1lift coefficient can be written as Co= 7 Ko
where (X, is the angle of attack of the relative wind to the
section zero lift line. But &, can be expressed in terms of
the undisturbed wind direction and the downwash velocity by
oA, = K- £ , where (X 1is the angle of attack of the

section with respect to the undisturbed stream.

Combining these relations, the Prandtl integral eguation
is obtained:

ZZ_CMa —-
Ity = —— {0‘ 47rzz/ 7}

This is the relation that must be satisfied if the 1lift

Nv—

distribution on any wing is to be found. For the purpose of this
analysis 1t is convenient to assume that the sweepback and dihedral
do not affect the spanwise 1lift distribution over the wing. This
has been verified by experiment up to angles of sweepback of about
30 degrees, according to reference 6.

In reference 1, Mr. R. F. Anderson, of the N.A.C.A., uses
the Glauert method of expressing the spanwise 1ift distribution in
terms of a Fourier series. In continuing this analysis he finds
that the section 1lift coefficients of the three dimensional wing
can be expressed in terms of the coefficients of this Fourier
series, and that each coefficient is made up of two parts. One of

these parts depends only on the planform of the wing and on the net
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1ift coefficient at which it is acting. The other part depends
only on the planform and the distribution of aerodynamic twist

across the wing span, and is independent of the angle of attack
of the wing as a whole,

This splitting of the coefficients shows that the wing
1ift can be considered to be made up of a constant and a variable
part, which are added linearly as the wing changes its angle of
attack.

The additional 1lift distribution, which is proportional
only to the wing angle of attack or nef 1lift coefficient, can be
shown to have a centroid through which its resultant acts. This
point is lmown as the wing aerodynamic center.

The basic 1ift distribution depends only on the twist
distribution of the wing. It may be visualized best by considering
the 1ift distribution on a twisted wing at an angle of attack such
that there is no net lift. If there is aerodynamic washout, there
will be a down load on the tips and an up load on the center of
the wing. If there is sweepback, these loads will act as a couple
to produce a moment on the wing. Since this basic distribution is
not altered by changing the angle of attack of the whole wing, the
moment due to it is constant, and, with the sum of the moments due
to the section properties of the airfoil sections of the wing, gives
a constant moment about the aerodynamic center of the wing.

As a result of this analysis it is possible, conceptually,
to replace a three dimensional wing moving through a fluid by a

system 6f forces consisting of a constant moment and a variable
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1lift force acting through the wing aerodynemic center. As long
as the planform of the wing is not altered, the position of the
aerodynamic center does not move, and a change in the twist of the
wing affects only the magnitude of the moment about the aero-
dynamic center of the wing.

With this as a foundation, the possibilities of design-
ing a wing suitable for use with a tailless flying machine can be
studied in an organized mammer, it being only necessary to settle
upon the combination of planform and twist which give a wing with
the desired characteristics.

If the problem of finding the 1ift distribution for a
given wing has been solved, and the section 1lift coefficients have
been broken into the aforementioned two parts, either analytically
or by comparing the 1ift distributions at two different wing 1ift
coefficients, the important characteristics of the wing can be

expressed in the following forms

G = &L

L = =2

Co= Syt Con= Copt G nCe

:!.b_z__—_ C_ébi‘c é—‘—l-: Cvlaz"CL"c

_ - C,
(= %e 75
+2
c,= L (=
TS ), e
z
b
-f__
C, = L [ %
%5, Lacd



~17-

b
2
_p [
Cms = 3t . Cmac CL‘%
Tz

Cther integrations may be made to find the rolling moment
and the yawing moment due to the induced drag.

The system of axes used is shown in Fig. 1. The X axis is
taken in the direction of the chord line of the section at the axis
of symmetry of the wing, and the ¥ axis extends spanwise from the
aerodynamic center of this root chord. The angle of attack of the
wing is measured from the chord line of the root chord. This is the
same as in reference l.

Anderson has considered two specifiec classes of wings,
namely those wiﬁh a linear twist distribution and with elliptical
or straight tapered planform. The aerodynamic centers of the sections
of all the wings have been assumed to 1lie on a straight line from the
center outboard. He has calculated the characteristics of a number

of wings having a large range of values of taper ratio and aspect
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ratio, and with an arbitrary degree of sweepback, (up to 30°)., His
results are presented in the following form:
C = € Ao S
L b <5 Z.b
- S
Yoy g La
a = 7C v 40
AR
(N Z
Cop= Lt v+ CLeam W +(€a,) co
TARU
Cm S = E CMac /Caﬁ Cmac ConsTANT Aeons SPAIV

CMJ& =—Géd.o mﬁwt-/’—

A(ac___/?/% Z:,«»_./L
%
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Thus:
_{é—:_@_ 64016
A

,/4.__2. C
-;7‘5—-—2—{44 £

The values of L, and Z, are tabulated in reference 1

for the wing planforms investigated. The values of ¢« , ¢~ , w ,

J £ y &G and H may be read from curves presented in the
report to correspond to any wing of the class. Interpolations are
possible.

The report, reference 1, gives examples of the use of the
method and shows that the check of theoretical values with experiment
is satisfactory.

Reference 2 gives experimental chécks of the method with
a larger group of wings and discusses more completely the problem
of computing the induced drag and the maximum 1ift coefficient
obtainable with a tapered twisted wing.

If it is desired to determine the characteristics of some
wing which does not fit into the families described here, it becomes
necessary to go back to the basic theory and calculate the Fourier
coefficients for the given wing. This procedure, which is rather
long and tedious, is described in reference 3. Computing forms

are given in this reference and in reference 15 which simplify and

guide the work.
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Researchers at the California Institute of Technology
are at present developing a method which has been applied particularly
to wings with straight linear taper, but which can be used with any
arbitrary distribution of twist, thus broadening the class of wings
which can be investigated readily.

The study from this point on will be concerned primarily
with the properties of linear taper wings with straight sweepback.
These are the most common in engineering applications.

Using the material which has been discussed so far, it
is possible to design a wing which will be suitable for use in a
tailless plane moving in some predetermined steady flight condition,
It is now necessary to study the effect of control surface deflec-
tions and to investigate the range of conditions through which

flight is possible.



THE WING WITH ITS CONTRCL SURFACES

Control surface deflections have the essential effect of
changing the twist distribution on the wing. The effect of
arbitrary twist distribution on the 1lift distribution of straight
tapered wings can most easily be studied with the aid of the
material in references 4 and 5.

In the first of these Pearson and Jones have presented
a series of "influence functions," which, for a group of wings
of the class being considered, give the effect at several span-
wise stations of the wing of an increment of twist extending from
any spanwise station to the right tip of the wing. Any distribution
of twist can be built up by a sultable series of these increments,
and the resulting 1lift distribution can be found.

One very interesting fact emerges from the wing theory
at this point. It turns out that the effect of a change in twist
over a part of the wing on the loading of a section anywhere on the
wing is a linear function of the additional twist which is imposed.
Also it has been shown theoretically in reference 14 that the
change in zero 1lift direction of a flapped airfoil section is
proportional to the flap deflection, and the theoretical factors
of propcrtionality are computed.

This means that, theoretically, the effect of the
deflection of an aileron or flap on the 1ift distribution of a

wing is independent of the state of deflection of the other flaps
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and ailerons and is proportional to the angle of deflection of the
surface.

Experiment substantially verifies these results, except
that the change in zero lift direction with flap deflection does
not quite reach the theoretical value and that the effect decreases
still further if the section is already at a high angle of attack.

However, for a general discussion, small control
deflections at only moderate wing 1lift coefficients will be
considered. It must then be kept in mind that the results indicate
only trends and general orders of magnitude of the derived quan-
tities and cannot be used directly, unless the proper experimental
data has been used in the derivation instead of the theoretical
constants.

Thus it is possible to compute the effect of a unit
deflection of one aileron or flap on the 1lift coefficient, pitching
moment, and rolling moment of a wing, and to find the result of
any deflection of all surfaces by a simple superposition of effects.
It is to be noted that the drag effects cannot be treated thus,
as they are not linear in the 1lift coefficient.

Now it is necessary to extend the data presented in
reference 4 to the calculation of the aforementioned effects.

This is done by a procedure which is primarily graphical, though
charts are presented in reference 5 which enable one to find
directly the effects of deflecting partial span flaps of constant

percent chort. The sweepback angle is still assumed not to affect
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the 1ift distribution, so it is possible to expreés all the effects
which depend on sweepback in terms of functions of the angle. Thus
the calculation of the effects of flap deflection on a straight
tapered wing without sweepback is all that is necessary.

The use of the influence functions of reference 4 is as
follows: As an example, the effect of an aileron of variable per-
cent chord width on a tapered sweptback wing has been computed.*
The calculations and figures are shown in Figs. 3, 4, 5 and 6.

1. The effective aerodynamic twist increment due to aileron
deflection is plotted as a function of the span. It may be found
from experimental data for similar flaps or calculated approx-
imately from the theory.

2. This distribution can be considered to be made up of a
summation, = Ax , each & X extending from some point on
the span to the right wing tip. Each of these elements, d o ,
has an effect on the section 1ift coefficient at every point of
the span. The influence curves, figures 4, 5 and 6 of N.A.C.A.
Technical Report 635, give these effects at each of several span-
wise positions as a function of the distance over the span from

the right wing tip covered by each elemental increment of the total

twist,
c .
Thus the net value of t;é G at any section is found
by summing up vjﬂc; = A X over the entire wing. This is
(> 4
c, £
done graphically. A value of £ S is picked from the
P

*'The procedure used here 1s suggested in reference 4.



charts to correspond toc the station being considered and to the
distance o o« extends across the span. A plot of C:-E_o_:?_

against Ao is then made for each spanwise station being con-
sidered. An integration gives the value of C, ‘%é at each of

these stations.

C
In brief, C; % = f < % AX for each spanwise
ok

station.
3. To make this notation consistent with that of reference 1,

the following substitutions are mades

Le . ——f—"—’— Ce %
7¢) @ =

When the value of AK is constant across the flap, as it will

AKX

,/é - QEE-, Gg or

be if the flap is of a constant percent chord width, the necessity
for a graphical integration is removed, as the expression reduces

to:

’/C B C_g xCe ’é
722 (H &

» A X

The value of is found for several spanwise

Le
7(2)
stations on the wing and plotted, so that a faired curve can be
drawn to represent the additional wing loading caused by deflecting
the aileron.

Le The 1ift, pitching moment, and rolling moment caused by
this 1ift distribution can then be found from the following formulas

by a series of graphical integrations.
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It is convenient to express the dimensions of a straight

tapered wing with sweepback in terms of its dimensionless parameters

and the semi-span. Doing this, we get the following relationships.

The system of coordinates shown in Fig. 1 applies here also.
2
5:.‘1(,&)
AR A

b
2= %56

1}

\

A4 ) = Ct
AR ( 1+ ) Cs
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As a result of the analysis this far, the 1ift and moment

characteristics of a plain tapered sweptback wing can be computed,

and the additional effects caused by control surface or f{lap

deflections can be determined for a group of wings with a given

set of values of aspect ratio and taper ratio.

If it is desired to determine the characteristics of the

complete wing at an angle of attack and with surfaces deflected;

for instance, to compute the induced drag or the maximum lift

coefficient, the following formulas may be used:

’/n:/“"jb*/e

G = 22 = pn
T

+/
/R/
T o [ (X-%% ), . A 9
4 —-/( ., fn (Zb‘) (*—[)

S
i\

CL = QW+AC;-

C:~n4c:: C:ﬂ4o”, T4 Gt Az Crrae



THE AIRPLANE AS A WHOLE

The tailless plane will, in general, consist of a stable
wing and other necessary accessories. These will perhaps include
a fuselage, engine nacelles on the wing or body, and vertical
surfaces at the wing tips. The characteristics of the wing alonme
will be denoted here by guantities with the subseript "w", Similarly
the influencé of the other parts of the airplane will be indicated
by the subscript "a".

In level flight, the airplene is acted upon by the forces

shown below:

LiFTr
A
5 THukust
Drac Morvent
Wors AirpLang C.G.

AERODYNAMIC CENTER
WeieHT

L= L Pa"sa
D’ZLPZ[ZSCQ

Mac = 7 e 2" 5(3) Cotac



When the ailerons and flaps are in the undeflected
condition, the dimensionless coefficients from which the forces

and moments are derived are made up as follows:
CL= Qk/ ‘/’QA
Cp = Cpp + Cp;

CDP - CDPw + CDPA
Cp;

¢~ CD‘.W + CD"A

- A C,
CMAC - ('Maw-" CMﬁ + dc;z*‘ (CLw*QA

d
Cmee = -sz? + Carge
b

In these equations, (,,, 1is the 1lift coefficient of the
wing with the control surfaces neutral at the given attitude and
CZA is the increment in 1lift coefficient due to the change in
zero 1lift angle as a result of adding the fuselage and nacelles,

G
It is necessary to include the value of the quantity f——,?—"?q
L

to account for small changés which the nacelles and fuselage may
make in the position of the agerodynamic center of the combination,
as compared with that of the wing alone.

If the airplane is in a position of equilibrium as shownm,

the moment of the forces about the center of gravity of the plane
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must be egual to zero. Thus the pesition of the C.G. relative to

the wing aerodynamic center is determined to be:

L Chac
A
b 2 rem

The effect of the drag and thrust forces on the moment
are neglected here, If this is not permissible in an actual airplane,
the effect of the eccentricities and magnitudes of these forces can
easily be included in the analysis.

The static stability of the airplane is then found to be:

A

e 77
<G % ’ 2 s 4%

If, now, the ailerons and flaps are deflected, there will
be increments to the wing 1ift and moment coefficients. The

equilibrium equations then become:

w=tel*S (CutG+4C)

[N S A
Ve - 13U E [ 8] 1 ]

The location of the center of gravity relative to the wing

aerodynamic center for static equilibrium in level flight becones :

..ié._ = [CM"W *CMA "(:/"é?i:)q [Qw*dﬁ '/AQ) +ACM»¢J
% (o Gytaa)
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The condition that the airplane remein in trim after a
control deflection is that this ratio remains constant. If the
additional effects of auxiliary surface deflections can be expressed
analytically, this fact can be utilized to calculate the net 1lift
coefficient at which trim is obtained for any combination of control
surface deflections.

The maximum 1ift coefficient which the wing will attain
can be found by comparing the section 1ift coefficient at various
attitudes and surface setiings with the section maximum 1ift
coefficients. The maximum 1ift coefficient which any section will
reach depends on the basic section and the angle through which its
flap is deflected.

A method of determining the maximum 1ift coefficient at
which trim can be maintained with a given flap deflection is shown
in the example analysis included in this thesis.

For calculating performance, it is necessary to know the
drag of the airplane. Experiments indicate that the increments in
drag due to fuselage or nacelles are almost constant over the
flying range of an airplane. For more exact calculations, the
values of the additional profile drag and induced drag of these
items can be estimated or determined from wind tunnel tests.

The calculation of the dynamic longitudinal stability
of a tailless airplane follows the general analysis given in
reference 7. However, due to the absence of a tail, new expres-

sions must be found to replace those given for the quantities



m_g and M My . The new expressions are:

)nfzéﬁ‘%yd&wm and /aMo(zzl/ﬂ%’a{CMca
Ky <7 pSky A
where /(g is the radius of gyration of the airplane in pitch and
ﬁ is the pitching velocity of the plane in radians per second.
The value of J(g may be calculated from a weight diagram of the
airplane or estimated from a knowledge of the values for conventional

airplanes. The calculation of the quantity ﬂ—i‘gféﬁé is the

subject of a separate part of this thesis.
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DAMPING DUE TO PITCHING VELOCITY

The expression presented here for the damping in pitch
of a sweptback wing is obtained by superposing three effects from
the stationary airfoil theory. It does not involve the use of
the non-stationary airfoil theory; i.e., it neglects the induction
effects of the spanwise vortices of the wske. This approximation
is believed to be justified for the low freguency oscillations
which occur in the longitudinal motions of an airplane. The
analysis presupposes a straight taper wing with linear sweepback,
as shown in Fig. 1.

It has been impossible to check the result by experiment,
and until this is done it is recommended that it be applied only
to wings having a considerable amount of sweepback, sagy from
15 to 30 degrees.

The general procedure followed in the analysis is
indicated below., The details are presented in a later section of
this thesis.

The motion of any part of the wing due to rotation asbout
the center of gravity of the airplane is broken into three
components:

1. Uniform vertical motion of the wing,

2. Vertical motion of each section of the wing proportional
to its distance from the plane of symmetry of the wing.

3. Rotation of each section of the wing about its 75%

chord point.



The effect of these motions is:

1. An additional 1ift at the wing aerodynamic center due
tos

a. The uniform vertical motion.

b. The change in the zero 1ift direction of the wing
due to the effective twist corresponding to the
vertical mofion proportional to the distance of the
sections from the plane of symmetry,

2. A moment about the aerodynamic center of the wing due to
the basic 1ift distribution caused by the effective twist.
3, A moment at each section due to the rotation of the

section about its 75% chord point.

The 1ift and moment about the wing aerodynamic center due
to the additional and basic 1lift and the change in zero 1ift
direction induced by the translatory components of the motion of the
wing can be calculated by the use of the formulas and charts in

reference l.

The effect of the section rotation about the 75% chord
point is found by considering each section as part of a two
dimensional airfoil and using Munk Integrals to calculate the 1ift
and moment per unit span of the airfoil. It is found that there
is no lift produced by rotation about this point of the chord. The
moment contributions of each section of the wing are summed up to

give a moment for the entire wing.
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The moment of the 1ift at the wing aerodynamic center
about the center of gravity of the airplane is found and all the
moments are expressed in coefficient form and then differentiated
with respect to the pitching velocity to give the sought after

damping derivative.



Summary of Damping HMoments

due to effective twist

dow) . 1T b ( +x)
Ag ) 4 74 -[/T(\F‘—

Sum of section moments due to rctation.

Werere -

£ ,J,G ,»H  from T.R. 572

S = sweepback
d, = slope per degree for ¢ AK
_‘Eé - Cm

~7b C for airplane in the trim position,
v‘-’rﬂlm

dlm| _ 57 s L
= -573 7 Z&_ _, & -
@J = X Ho,hm /M+ AR lam L -T2 (1

2(/-A)
AR(1+H)
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DISCUSSION OF EXAMPLE DESIGN PROBLEM

In order to illustrate the use of the formulas and methods
described here, a sample design problem has been carried through.
To permit comparison with existing normal type airplanes the plane
was designed to have the same power and load carrying capacity as
a standard land transport, the Douglas D.C.-3.

It was decided that the design should be as shown in
Fig. 2 having a sweptback wing with a large cabin suspended from
it in which the load is carried, and two outboard nacelles on the
leading edge of the wing for the power plants. In these respects
it is much like the Douglas plane, except for the absence of the
tail surfaces and the different form of the wing. A pair of
rudders are mounted on the wing tips for directional stability and
control.

The wing area of the example is chosen as roughly egual
to the sum of the wing and tail areas of the D.C.-3. It is
assuned that the gross weight of both planes is the same. The
aspect ratio was chosen as high as it was believed possible to
build the wing; and the taper ratio was chosen high for structural
reasons, yet not so high that troubles with tip stalling and
lateral control could be anticipated. The sweepback angle of
30 degrees was chosen as a compromise of longitudinal stability

and damping with structural problems and induced drag.
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The drag and moment effects of the fuselage and nacelles
were estimated and converted to coefficients based on the wing
area of the plane, A value of the static stability in the cruising
condition with controls neutral was picked, and the necessary value
of the wing moment coefficient about its aerodynamic center was
computed. This enabled the determination of the amount of linear
twist necessary. The method of reference 1 was used.

After the twist was found, the basic load distribution
and the shape of the additional load distribution were found.

Fig. 3 shows these resultis.

It was then necessary to determine upon the flap and
alleron geometry of the wing. An aileron with a varying percent
chord width and a flap with a constant percent chord width were

~chosen in order to more completely illustrate the methods of
calculating the additional effects they produce.

The steps in the calculation of the increments of 1ift
and moment about the wing aerodynamic center due to aileron and
flap deflection are shown in Figs. 3, 4 and 5, and in the appended
calculations. The theoretical factors given in reference 14 were
used to determine the change in zero 1lift direction and section
moment coefficient with flap angle. For this reason the actual
deflections necessary to produce the calculated results will be
higher than those assumed.

One oft-mentioned disadvantage of the tailless airplane
is the fact that the deflection of the flaps introduces a diving

moment which must be counteracted by deflecting the ailerons upward.



=38

This process decreases the proportion of the wing which can reach a
high angle of attack, and thus reduces the maximum 1ift coefficient
obtainable. This low maximum 1ift has been one of the most serious
drawbacks to tailless design.

In the present design, the aspect ratio and the sweepback
angle were made as high as possible. Theory shows that this
combination will give better aileron control and greater positive
pitching moment at zero 1lift with a smaller penalty in induced drag
than any other combination. The result of this choice was that the
aerodynamic center of the wing was aft of the centroid of the
additional 1ift due to flap deflection, and so far aft that the
moment of the additional 1ift was greater than the section diving
monent induced by the flap deflection. Thus the net effect of
increasing the flap angle is an increase in 1ift and a stalling
monent., This effect is, of course, contributed to by the short
flap span, 40 percent of the wing span.

The important result is that it seems possible to increase
the maximum 1ift coefficient obtainable with such wings by choosing
the aspect ratio, sweepback, and flap span properly. It also is
apparent from a study of the 1ift distributions caused by the
various control deflections that a wing of this sort is definitely
center-stalling, unless, possibly, a tip is stalled in the attempt
to execubte a banked turn at slow speed.

The condition that trim be maintained in flight at all
attitudes and with any flap and aileron angles is used, and aileron

deflection is calculated as a function of net wing 1ift coefficient



for trim with the flaps at an angle of 20 degrees and plotted in
Pig. 7.

To find the maximum 1ift of the wing under these conditions,
it is necessary to set up the criteria for the stalling of the
sections of the wing along the span. It is assumed in this case
that the wing will stall when the center of the unflapped portion
of the wing, at station -%%-: .45, reaches a section 1ift
coefficient of 1.50. A check of the 1ift coefficient distribution
when this condition is satisfied shows that the assumption is
reasonable, and that the plane can easily fly in a trimmed condition
at the required attitude. A wing maximm 1ift coefficient of 1.67
is thus obtained with the flaps at 20°. Fig. 8 shows these results.

Since this 1ift coefficient is based upon a greater wing
area than a normal plane of the same capacity has, it is apparent
that, in this case, we have succeeded in obtaining a maximum
1ift comparsble to that which is obtained by an airplane with a
horizontal tail surface.

In order to check the analysis of damping due to pitching
velocity, the period and the time to damp to half amplitude for
longitudinal oscillations were computed for the example airplane
in its cruising condition. The method outlined in reference 7 was
used. The moment of inertia in pitch was conservatively chosen
as 7/8 of that of the D.C.-3. The time to damp to half amplitude
turned out to be just a little more than one period, showing that

the plane is quite stable. This, however, is not conclusive, as
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instability is more likely to appear at high 1ift coefficients than
at the cruising condition.,

If a tailless airplane is to be practical, its performance
must compare favorably with that of conventional planes., For this
reason some preliminary calculations were made to determine the
cruising speed of the example airplane under the same cruising
power conditions as the D.C.-3. The results showed a speed of a
few miles per hour higher than the advertized eruising speed of the
parent plane. The landing speed, based on the previously determined
maximm 1ift coefficient, was also just a bit lower than the
advertized landing speed of the parent plane.

As far as the comparison has been carried, it has been
shown that the tailless airplane of the type described compares
favorably with the conventional type plane. The chief difficulties
are the structural problem of a high aspect ratio wing which can
support endplates and rudders at the tips, and the question of
directional control and stability.

An advantage which the tailless plane may prove to have
over the airplane egquipped with horizontal tail surfaces is the
reduced effect of power on stability. The tailless plane has no
trimming or stabilizing surfaces which are in the propeller slip-
stream, and its static stability should be more nearly independent
of the power applied. This problem is growing quite serious with

normal airplanes.



As a means of extending the range of usefulness and
insuring that trim can be attained at high 1ift coefficients, the
use of a forward trimming surface has been suggested. Reference 8
describes a device of this kind which floats in front of a swept-
back wing and applies a constant moment to the airplane. The
magnitude of the moment can be changed by tabs located at the
trailing edge of the surface., Control for all normal flight
conditions is obtained with ailerons and rudders on the wing,
Deviees of this kind show promise, and if the stable wing by
itself does not prove to be adaptable enough to practical operating
conditions, it may be necessary to incorporate them into the design.
It may even be possible that a fixed or floating surface which
is retractable, and would be used for landing conditions only,

might prove useful.



RECOMMENDATIONS FOR FUTURE WORK

The problems in the design of tailless airplanes have

been investigated only in their very general aspects in this paper.

A few suggestions for further study are listed below:

1.

24

3.

4o

5.

The effect of sweepback on 1lift distribution and the

induced drag of a wing.

A better procedure for determining the change in effective
angle of attack of a surface when a flap is deflected,
This probably reguires an extensive analysis of experimental

data for different types of flap slots and gaps.

A more refined method of computing the maximum 1ift
coefficient which a wing can reach with flaps and

ailerons deflected.

An analysis of the directional and lateral stability and
control charscteristics of tallless planes and the best

means of achieving this control.

A check of this work by wind tunnel experiments.



1.

2.

3.

de

5

6.

3.

9.

10.

1l.

12.

13.

15.

4,3~

REFERENCES

Anderson, Raymond F.: Determination of the Characteristices of
Tapered Wings. T.R. No. 572, N.A.C.A., 1936.

Anderson, Raymond F.: The Experimental and Calculated
Characteristics of 22 Tapered Wings. T.R. No. 627,
N.A.C.A., 1938.

Pearson, Henry A.: Span Load Distribution for Tapered Wings
with Partial Span Flaps. T.R. No. 585, N.A.C.A., 1937.

Pearson, Henry A. and Jones, Robert T.: Theoretical Stability
and Control Characteristics of Wings with Various Amounts
of Taper and Twist. T.R. No. 635, N.A.C.A., 1938.

Pearson, Henry A. and Anderson, Raymond F.s Calculation of the
Aerodynamic Characteristics of Tapered Wings with Partial-
span Flaps. T.R. No. 665, N.A.C.A., 1939.

Karman, Th., von and Burgers, J. M.: General Aerodynamic
Theory--Perfect Fluids. Page 185. W. F. Durand.
Aerodynamic¢ Theory, Vol. IL, Julius Springer, Berlin,
1935.

Zimmerman, Charles H.: An Analysis of Longitudinal Stability
in Power-Off Flight with Charts for Use in Design.
T.R. No. 521, N.A.C.A., 1935.

A New Tailless Design. The Aeroplane, March 15, 1939.

Lademan, Robert W. E.: Development of Tailless and All Wing
Gliders and Airplanes. Reprinted in T.M. 666, N.A.C.A.,
1932.

Lajarte, A. Dufare De: Chief Characteristics and Advantages of
Tailless Alrplanes. Reprinted in T.M. 794, N.A.C.A., 1936.

Heinze, Edwin P, A.: The Dreieck Tailless Airplane. Flight,
Oct. 9, 1931. Reprinted in A.C. 159, N.A.C.A., 1932.

Lippisch, Alexander: Recent Tests of Tailless Airplanes.
Reprinted in T.M. 564, N.A.C.A., 1930.

Batson’ A. So and Sel‘by', Jo E.: Westland"Hill Pterodac'tyl,
Mark IV. British R. & M. No. 1577, 1933.

Wenzinger, Carl J.: Pressure Distribution Over an Airfoil
Section with a Flap and Tab. T.R. 574, N.A.C.A., 1936.

ANC-1 Spanwise Air Load Distribution. Army, Navy, Dept. of
Commerce Bulletin.



DAMPING DUE TO PITCH (DETATLED ANALYSIS)
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The following quantities enter into the calculations.

S
Ao
a = Fﬂ———-f——
/f%ﬁ% «», = infinite &K  slope of
1ift curve in 1/degrees.
&, =
S o o(-fos +J€ € = twist in degrees (increase

in angle at tip)
= =
Kae® o ARHG AL

C —Gédamt’“ﬂ

mgl, =

Where 'F) \T) H;”"‘{ G are factors from charts in T.R. 572.

The uniform velocity, ? ( _ZE- h) may be considered as an increase

in angle of attack of the wing of;

Ax, = ¥ /Zg"l) 573 degrees
4

The vertical relative velocity proportional to the span results in an
effective linear twist, with a resultant moment and a 1ift due to the

change in zero lift angle. The effective twist is:

€ - —?(%) ( Taw N - %)* $57.3 degrees at the tip,
4

Following T.R. 572, this results in a moment of

Crpp =~ G Eaw AR Ln /L

and an effective increase in angle of attack of

AX = =T €

p2



Moment due to Lift Forces

The 1ift due to these increases in angle of attack acts at the wing

aerodynamic center and has a moment about the C.G. of

MCG), z “Z/' FVLJQ (AD(, +40<,_),a(
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IMoment due to Effective Twist

Ch),= -G € 2o Kl N

Crn) = =~ AR Gn b 4 (G A—g@)ﬁ;x\fzs’-%f %

ﬂ/CM)z_%—A( G‘ﬁoﬁ*ﬂ[ﬁ”ﬂ—l(/,\)]

Aq I, AR (1+3)

Effect of Rotation azbout 75% of Section Chord

T%

Lo

Munk's Integrals give the 1ift and moment at the 50% chord point

due to any arbitrary external velocity imposed on the airfoil,

T
—pé('cfwx) (/4 GT) AT
m
Mo = “Pag—t\/ﬂfw)%\abz’ LT
o

Za//éerzz- X = %z Gz T

So: 1}(_/;;; = T Wy - ?(/X“ i/ —’?E(C‘dz—"l/ﬂ)
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Moment due to Section Rotation
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The total moment on the wing is :
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EXAVPLE DESIGN CALCULATIONS

The airplane is to be equivalent to the Douglas D.C.-3

S = /300 15

AR =/0

N = 30°

A= .25

W= 24000%

b = /4 K

h = /.4 FL

C. =/826 (4 <

S /f (/%)

C’C = 4-56 ﬂ

Xac
&)
&, =.099 (4&5‘0:«1:/}

The effect of adding a fuselage is:
Cpg = .07 S = S3 Y-
4, =.0029

S
A\C;%4 = ",6%223

o Llp) _ 4028
i

Frone T H S72
Fe<.9949
J = —. 385
G T.02449
H = 205
=, 320
=,080
=.237



The effect of two leading edge nacelles is:

- = . = ?. . &

P pncests = 105 Sp = KX =372
A E ;

CDP nacelles 003 L (including cooling drag)
a G _

Mona-cc//c‘) - ‘ ﬂ/4

A Car
A —

<, = +.036

na«//q

The two wing tip fins will have a combined area of 15% of the wing

area

/5 #1300 = /75ﬂz-

(‘Dﬂ'{';w: .0(0

a Cbp%.” = . 00IlS

The wing with flaps and ailerons is assumed to have a drag given by

Cp, = .o0lo
w/nj

The net effect of all the extra parts is then :

CAA =0
Cppﬂ = .007¢6
CM"A = — 042

oL Can
d’—d ) =064



It is desired that the airplane cruise at a 1lift coefficient of

C,=.20 and have a static stability of

Al _
wa - %

Since: A Crree -z — Chatac - :‘{{‘_‘L/
d(;. < df{.

‘Tﬁlu 4
we have —. ]2 = - Ctpe 4. 064
.20
and Crigye = + 0368
but CM/}G = CMaw+ CM,, + 7———4((‘;' » G
&
80 Ca,,, = - 0368 +. 048 — 0128 = 1.066

The wing section is assumed symmetrical, so there is no section moment,

Then Crtoy: -G € Ao AR b L

€ =~ — .06 6 - 4 720
0485 £.099 x.&§77%10 ’

_f{“__ = CM""- - .03¢% N /84

% C 2 o

_‘L = 0368



The chord distribution of the ailerons is shown in the following table,
along with the change in zero 1ift direction and the change in moment
al the sections corresponding to an aileron deflection of 1 radian.

The theoretical factors from reference 14 are used to obtain these

values.

For: Se = 1 radian

AT{eron
Station % Chord a Az Carge
«50 «20 546 -.641
.60 .2285 .581 -.650
.70 <265 .623 - 655
.80 .312 .670 ~.630
.90 «392 .738 -.592
1.00 .50 .815 -.499

In order to plot the various loadings, we have:

;fzf) :Ajg’z’ Ea, Zb = 34‘(“4‘7.2)/.04‘{1* Ab = “'.073515

_;!;;7: %q Ly = 2 La <,C/ Qr/oo)

ﬂ/' G [ - 320 25 dx
2 ok

is the influence function of reference 4 and

Ce ©
Where /s
Fo24

the integration gives the effect at a particular spanwise station of
the increments of twist making up the effect of the ailcron displacement.

The integration is carried out over this range of angle increments.
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La_ and Z. b for this wing are tabulated in the following table.
Ce %
<K
deflection by the method described in the body of the thesis are also

The values of needed to find the loading due to the aileron

tabulated.
4 L fo gy
y S7ATION Y La Z(’%) Zr& for @=loo
Z-‘;/; = 0 - 3225 1.442 «0302 « 288
R =+2220 1.323 .0208 . 265
04 ‘0006 10157 000056 -231
06 01335 0938 -00125 9188
.8 » 1830 678 -.0171 «135
'3 9 ° 175 L} 506 ~e 0164 L] lol
95 o145 378 -.0136 0755
1.00 0 0 0 0
%
Tseble of io—(——— for Aileron Deflection of 1 Radian
Location STATIoN
AKX where
Increment  .875 .75 625 .50 0375 e 25 0
starts
0 .50 1.72 .12 2.26 — 240 025 L2
« 546 «50 1.72 2.12 2,26 1.27 40 25 12
.581 .60 1066 1.90 1076 .33 .25 012 —
0623 070 1056 1056 938 015 —— 006 ————
0670 080 1038 025 — 006 —— — ——
.738 .90 .40 .06 —_— —_ —_— — —_—
Area under covive 1.203 1,350 1.347 7250 2+ R250 1425 0675

Lo 4t the shabion <385 432 430 1232 W072  L046 L0216
22
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One Aicron DEFiscTED One KAavpian

STATION 3_({/—/_ {}3 -,2}/) Product:;?fz_), g_zd
Yoy = 95 .272 54 147

.90 .356 49 174

.80 o422 .39 .165

.70 «438 .29 127

.60 +420 .19 0797

«55 .385 14 «054

.50 .230 .09 .0207

<45 .120 04 .0048

.35 .061 -.06 -.00366

«20 «039 -.21 -.0082

0 .02, - 41 ~.00984
- .20 .016 -2l -.00336
- 40 .010 -.06 -.0006
-1.00 0 0 0

C < - Va
Station 52 Cmac cé/%) [@] Ay Gy ? /é—/

.50 -.641 .20 .04 ~40256,
.60 -.650 2175 .0306 -.0199
.70 -.655 151 0228 -. 01491
.80 -.630 .128 .0164 -.01032
.90 ~.592 .102 .0104 -.00615

1.00 -499 0 0 0



Tables are alsc given of the quantities required to plot the curves
and perform the graphical integrations from which the effect of

alleron deflection on the wing moment can be determined. ( Payc\56:>

The areas under the various curves are found and the following quantities

calculated for one aileron deflected one radian.
Ad = ngl x.228 = +.57

#1
A, Conye = BTN e gy }/
e T e ) 5 (g an) 4

=“~/§—9x.677x.062. = —.447
ay. C""nc = éKL [
3 mc 7_)
= ’—g;‘—" .. 0064 = —080

A (MAC = - ‘/4/7 —-. 0 80 = -, 5'27 pev d/'éran yldd Vd//kn

The flaps are 204 chord width and extend from the center of the wing
to the 4L0% spanwise station. When the flaps are deflected together
one radian, the value of the quantities is found as before, but are

constant across the flapped portion
AKX = . S47

B, Conace=— 64
Le 4 % 0 - 5 &%
;75’/2(/79\)‘ '3 X
The tabular quantities required to plot the curves and perform the

integrations are presented below.
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Station < Flep Chord <q*
2, (2) [(-é’

0 .320 064, .1023

1 «297 <059 0881

.2 271 L0541 L0732

3 $ 28 <0496 .0616

VA .223 0446 0498
Station C, C/g Le {.?. -R H) Product :

s B PAVERY

+ .875 .06 .0105 465 004885
r s .13 0227 74 00771
¥ .625 .32 056 215 01206
t .50 .70 1225 .09 .01103
T 375 2.62 4585 -.035 -.01605
t .25 3.60 630 ~.16 -.1009
¥ .125 4,00 ."700 -.285 -.1998

O 4025 07435 -041 —'305



The area under the curves is found and the effect of the flaps

calculated as:

aC = ;:2 £, 586 = [ 4¢5

A, CM,,c: ’—./%-0- %, 877 (- 108) = 7S/

4z CM,;C = 1%9- x(/.é‘-{// x.030 = — 2405

A CMAC: 757 -.2405= 7#.5/6 per radian for both flaps
acting together.

To find aileron deflection for trim at different 1ift coefficients,

we haves
d - Caac
_5/,. = = .| ¥4 = constant as long as the plane
b Cou

remains trimmed and the C.G.

does not shift,

With flaps at zero:

_é——— = CMaw +4 (M t d?l »‘G_ + A4 C"Ac
5/ A A
b C“—

so. .84 = .066 04T +.064C — OI3 &

from which C,=.200 —, 1084 §c ( Flaps Zem)
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Similarly, when the flaps are at 20°

066 —04T R 064 G +./8—,0/3 &
Ce

L84 =
and CL, = /70 = 108Y <§¢. ( Flops a/ZOQ

Estimation of Maximum Lift

Flaps at 20°

Assume that the wing stalls when C, at Stakion (_2)_ -.45 5/,50

The section 1ift coefficient at this station is made up of 4 parts:

:{L = .22l (',_w
72

Ly
_ =z 7, 012.
3

,&)
Z/b)) = +.063
ﬁ(z){ y

!fg) _ ./32 é“’
[ 4
2(2 il 573
- .
when Co= 1S ,Z« =(;)</;;)’=/6'x.211:.3/3

75,
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From the condition that trim be maintained, we have

G =/70 - 108% &

Since
CL= G+ ACL)J«,; tac) /o
/70 <1084 = G, *SIa +.0039 Se
or -
CL(U = /'/q -ullgéc

Sumning up the contributions to the section loading at the given

station:

.38 =221 (.19 — 128 ée) <002 +.063 +.002305J,

from which S = +.23)

and C,p=/67 and C; - LlC
Max, w

Knowing the flap and elevator deflections and the wing alone 1lift
coefficient for this maximum 1ift condition, the total loading at
all spanwise stations can be computed and the section 1lift coef-
ficlents found., The following table gives the quantities required

to plot the curves of Fig. 8.



Stae.

.95

l.O

i—(j;f; (=19

289
«283
<267
. 251
«230
.210
.188
.163
135
.099
Q75

Sta,

100

S =1 radian
)
@), ..
750 .050
.'700 <050
<£65 052
. 560 064,
«330 .098
e 122 o235
.063 2430
.0