REPORT No. 417

PRESSURE DISTRIBUTION TESTS ON A SERIES OF CLARK Y BIPLANE CELLULES
WITH SPECIAL REFERENCE TO STABILITY

By Ricmarp W. Noves

SUMMARY

1 he pressure distribution date discussed in this report
represent the resulls of part of an investigation conducted
by the National Advisory Commiltee for Aeronautics on
the factors affecting the aerodynamic safety of airplanes.
1 he present fests were made on semispan, circular-tipped
Clark Y airfoil models mounted in the conventional man-
ner on a separation plane. Pressure readings were made
simultaneously at all test orifices at each of 20 angles of
attack between —8° and -+ 90°.

The results of the tests on each wing arrangement are
compared on the bases of mazimum normal force coeffi-
ciend, lateral stability at a low rate of roll, and relative
longitudinal stability. Tabular date are also presenied
" giving the center of pressure location of each wing.

The principal conclusions drawn from the results of
these tests may be summarized as follows:

1. No biplane arrangement investigated has as high a
value of mazimum normal force coefficient as the mono-
plane, although the value for the cellule having 60 per
cent positive stagger and 3° positive decalage (the lower
wing at a higher angle of attack than the upper) i8 only
3 per cent less.

2. Unstable rolling momenis due to a low rate of roll
are generally decreased by the use of a gap/chord raiio
of less than 1.0, positive stagger alone, or positive stagger
and negative decalage.

3. Combined positive stagger and negative decalage
show the greatest relative longitudinal stability below the
stall,

INTRODUCTION

A review of the general problem of the aerodynamic
safety of airplanes shows that the combination of flight
characteristics peculiar to the conventional airplane
at high angles of attack is one of the most prolific
sources of danger—a situation that is directly traceable
to the fact that the greatest and most sudden changes
in lift and stability occur at these attitudes.

To increase the rather meager general information
on airfoils operating in this angular range the National
Advisory Committee for Aeronautics has conducted a
comprehensive investigation of the aerodynamic char-

acteristics of a large series of Clark Y monoplane and
biplane combinations up to 90° angle of attack. This
research consisted of force tests, autorotation tests, and
pressure distribution tests, all madeé in the 5-foot at-
mospheric wind tunnel of the N. A. C. A. (reference
1), at a Reynolds Number of about 150,000.

The results of the force tests have been reported in
references 2 and 3, the autorotation tests in reference
4, and the preliminary results of the pressure dis-
tribution tests in references 5, 6, and 7. The present
report is a compilation and analysis of all the pressure
distribution dats given in the last three references.

Analysis of the data presented in this report covers
(1) the effect of wing arrangement on maximum normal
force; (2) the effect of wing arrangement on lateral
stability at high angles of attack; and (3) the effect
of wing arrangement on longitudinal stability.

APPARATUS AND METHODS

Apparatus.—Conventional pressure distribution test
apparatus (the validity of the use of which is discussed
in references 5 and 8) was used in the closed-throat
atmospheric wind tunnel. A general view of the appara-
tus is shown in Figure 1, and a photograph of the wing
models mounted vertically through & midspan “separa-.
tion plane” is shown in Figure 2. ‘The horizontal
plane extended several feet upstream and downstream
from the models and completely across the tunnel.
Ite leading edge was adjustable through a small
vertical angle in order to compensate for the frictional
reduction in air velocity adjacent to the plane’s
surface. The disk in its center was free to rotate with
thewing modelswhen their angle of attack was changed.
This adjustment was possible from outside the test
section while the tunnel was in operafion. A clamp
beneath the separation plane, protected from the air
stream by a fairing, held the wing models. It was
adjustable while the tunnel was shut down to allow
the wings to be set in any desired biplane arrangement.

The semispan models were 5-inch chord, Clark Y
airfoils with circular tips and an aspect ratio of 6.
The same profile shape.was maintained throughout
the span and the chords of all sections lay in the
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FIGURE 1L—Qeneral view of test apparatus
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same plane. Figure 3 shows the plan form -of the
wings with test sections and orifice locations indicated.
Each orifice was the end of a 0.015-inch inside diameter
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ing to test sections on the models, and within each
group they were so spaced that the heights of the alcohol
columns formed ordinates of the section-load diagrams.

brass tube inlaid between the mahogany laminations | Shadewgraph records-of these -heights were obtained
of the model. The other end of each tube extended | on along strip of sensitized paper stretched behind the

FIGURE 2.—Semispan wing models mounted on separation plane
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Orifices
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F1aurE 3.—Plan view of wing models showing profiles and oriflce locations

several inches beyond the butt of the wing to facilitate
its connection to the manometer.

_ The multiple-column alcohol manometer and rubber
tubing connecting it to the inlaid brass tubes in the
models are seen in Figure 1 mounted below the tunnel
test section. The manometer tubes were arranged
approximately on the arc of a circle at the center
of which was an electric light used to expose the
photostatic records. The tubes were grouped accord-

tubes. As each record was taken it was wound on a
reel in a lightproof box at one end of the manometer
and a fresh length of paper unwound from & similar
box at the other end. '

Dynamic pressure in the test section of the wind
tunnel was indicated on a separate micromanometer.
This instrument was connected to a calibrated Pitot-
static tube located several feet upstream where it
was not affected by the presence of the models.
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Tests.—A velocity survey of the air stream was
made along the vertical diameter of the tunnel test
section about 1 foot ahead of the models. Figure 4
shows the distribution of dynamic pressure as obtained
with the models set at zero lift and reference 8 indicates
that this distribution will not be changed appreciably
by incressing the angle of attack. The integrated
mean dynamic pressure between the limits shown
was used to calibrate the ‘“‘service” Pitot-static tube
employed throughout the investigation to indicate
the air speed in the test section.

Table I gives a complete list of the monoplane and
biplane arrangements investigated. Each wing set-
up was tested at angles of attack from —8° to 490°
at 2° intervals in the vicinity of the stall and at larger
angular steps over the remainder of the range.

The detailed test procedure followed in each cage
was, In general, similar to that employed in previous
wind-tunnel pressure-distribution work in which all
orifice pressures were recorded simultaneously. Before
each run the pressure lines from the wing orifices to
the manometer tubes were checked for leaks or block-
ing. The air was then brought up to speed, the
desired angle of attack set, and the record obtained.

TABLE I
PRESSURE DISTRIBUTION TEST PROGRAM

Wing profile—Clark Y.

Tip shape—Circular.

Aspect ratio—6 (except for shorter wing of overhung
combinations.)

- Gap | gtagger| Deca- Over-
Variable ﬁ hord | lages Dihedral |Sweepback hang
Monoplane..coceooae Ugf»e.r wing tested 0 0
one,
Lower wing tested 0 0
alone.
Gap 0.5 0 0 0 0 0
.75 0 1} 1] 0 [
L00 1] 0 (1} 0 0
L25 0 0 0 1} 0
tagger. 1% 82| 0 o o| ©
8 eemmcemmmceeamene
1 . 25 0 0 0 0
1 - 50 0 0 [ 0
1 - 75 0 0 0 0
Decalageo e cncreccana - 1 0 —8° 0 0 1]
1 0 —3° 0 0 0
1 0 +3° 0 0 0
1 0 +6° 0 0 0
Dihedral .o 1 0 0 | 3°upper 0 [}
1 0 0 | 3° lower 0 0
8weepback. o ocoueeen oo 1 0 0 0 | 10°upper 0
1 [ 0 0 5° upper 0
1 ] 0 1] 5° lower 0
1 0 0 0 | 10° lower 0
Overthang____________ 1 0 1] 0 0
1 1} 0 1] 1]
1 [ 0 [ 0 ] =
Qap and stagger— .| .75 i 25 0 [1} 0 0
.75 - 50 0 [1] 0 0
125 - 25 0 0 0 0
Stgeand s 12| TR & S ) 2
ane §0.- -, :
gBer 1 . 50 13: 0 0 0
1 +.25] —3° [ 0 0
1 +.580] —3%° 0 ] 0
QGap and decalage—_..| 126 0 ° 1} 1} (1}
% [ ° [ [} -0
L25 0 -3° 0 0 0
.75 0 —3° 1] (1} 1]
Stagger and sweepback..| 1 i 25 0 0 5°uy (1}
1 - 50 0 0 | 10°upper 1}
1 -5 0 0 | 10° lower 0

Decalage is considered positive when the lIower wing is at a larger angle of attack
than the upper wing.
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FI1GURE 4.—Vertical dynamic pressure distribution 1 foot ahead of model position
RESULTS

Reduction of test data.—The results of this investi-
gation were obtained from the recorded orifice pres-
sures by three steps of graphical integration. First,
the section normal force diagrams, which were drawn
directly on the manometer records, were integrated
for area and moment about the leading edge of the
straight portion of the wing. The resulting section
loads and section pitehing moments were then plotted
against span. Integration of the wing-load diagrams
gave total wing normal force and bending moment
about the root, and integration of the wing pitching
moment curves gave total wing pitching moments.
Finally, these dimensional loads and moments were
reduced to coefficient form by means of the following
equations.

Section normal force:

(1)

where
N’ =the normal load on a section of unit span
g¢=dynamic pressure

¢=chord of the section.

Total wing normal force:

GN.:QLZq (2)

where
N=the normal load on the whole wing
S=wing area
Cellule normal force:

ON upper S uppcr+ GN lower S lower

3)

GN cellule™
“ S cellule

‘Wing loading ratio:
ON upper

N lowser

8=

(4)
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Cellule pitching moment about the quarter-chord
point of the mean cellule chord:

A M
Onen= S ()
where
0,/ =1lo 'tudi'nal distance in terms of the wing,

chord from its lead.mﬁ edge to the 25 per |

cent point of the chord of an imaginary air-
foil lying between the upper and lower wings
of the cellule at a distance from each in-
versely proportional to its area and bounded
by planes dgpasas;mg through their leading and
tr edges

C,.=longitudmmal center of pressure of the wing in
terms of the chord

Longitudinal center of pressure: '

M
Op:‘z‘N (6)
where
M=total pitching moment about the leading edge
of the normal force over the wing
Lateral center of pressure:

3 ™
where
L=total bending moment about the wing root due
to the normal force over the wing
Rolling moment due to roll was calculated by the
strip method (reference 9) from curves of Cy’ plotted
against «, and reduced to coefficient form by the
equation,

C= g%s,cos . 8)

where

a=the angle of attack and A\ is the total rolling
moment due to the asymmetric distribution of
normal load along the span when the assumed
rate of roll is such that

b
£5=0.05 ©)
In this expression

p=rate of rotation in roll in radians per second

b=span of wing in feet

V=air velocity in feet per second at center sec-

tion. of the wing

and the numerical measure of the rate of roll, 0.05, cor-
responds to the results obtained in flight tests in ex-
tremely gusty air when the airplane is held as level as
possible.

Tables and figures.—The coefficients as derived
from the foregoing equations are presented in graphical
and tabular form. Curves of cellule, upper wing, and
lower wing normal force coefficient (all plotted against
angle of attack) are presented in families according to
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the principal cellule variables in Figures 5 to 35.
The monoplane Cy curve included in each of these
figures showing biplane cellule normal force is the
mean curve of the two wings making up the cellule
tested separately as monopla.nes The monoplane
curve shown on the remaining ﬁgures is drawn through
the experimental pomts of the particular wing (upper
or lower) to which it is being compared.

Lateral stability characteristics of each wing ar-
rangement are indicated ‘by curves of () plotted
against angle of attack in Figures 36 to 46. In this
series of figures, the monoplane comparison curve is,
again, the mean of the two wings tested separately as
monoplanes.

Curves of pitching moment about the 25 per cent
point of the mean chord are given for all cellules in
Figures 47 to 57. '

Table IT is a collection of the maxima and other
important features of the foregoing curves. Tables
T to XL contain all the data obtained in this research
on the following characteristics of each cellule tested:
(1) Normal force coefficient of the complete cellule;
(2) pitching-moment coefficient of the complete cellule;
(8) wing-loading ratio; (4) normal force coefficient of
the individual wings of each cellule; (5) longitudinal
and lateral center of pressure of each wing. (For the
benefit of persons interested in the study of the effect
of cellule arrangement and angle of attack on the
span load distribution of the individuel wings of a
biplane, tables of section normal force coefficients for
all the arrangements discussed in this report are
available upon request. This material is not included
in the present report, because of its relatively limited
general interest and because it is irrelevant to the
present discussion.)

Accuracy.—A comparison of the results of repeat
runs showed that a deviation of about *2 per cent of
the mean observed value of the variable may be ex-
pected in any plotted or tabulated reading presented.
This error is due to factors which are typical of pres-
sure distribution test procedure, and which are dis-
cussed in detail in reference 8.

" An additional error in the biplane cellule results is
due to the slight dissimilarity between the two wing
models. Figure 5 shows the normal force coefficient
as determined experimentally on each wing plotted
against angle of attack and a curve drawn through
the mean of each pair of points. The average dif-
ference between any two corresponding readings is less
than 3 per cent of the mean observed value. Conse-
quently, the probable error of each wing from an
“gverage’ wing is less than 2 per cent and therefore
within the above-mentioned experimental error.

Quantitatively the pitching moments as presented
can be considered only approximate. The error is due
to the fact that pressure distribution measurements
as usually made neglect skin friction and the compo-
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nent of the pressure forces parallel to the chord. The
neglect of these forces results in an error in the center
of pressure location up to & maximum of about 3 per
cent of the chord near the stall and in an error in the
pitching moment of & magnitude depending on the
location of the center of gravity. When the center of
gravity is on the mean geometric chord, as assumed in
the present report, the error in the shape of the moment
curves is small enough to warrant a qualitative analy-
gis. Quantitetively, however, the moments may be
sufficiently in error to prohibit their use in stability
calculations. ‘

The Reynolds Number of the present tests was about
150,000 or ¥, full scale. Care should therefore be exer-
cised in applying the results to full-scale conditions,
since, as indicated in reference 10, there would be appre-
ciable changes in some of the aerodynamic characteris-
tics if the wings had been tested at full seale. Principal
among these characteristics are maximum normal force
coefficient and the angle of attack at which it occurs.
At full scale the maximum normal force coefficient
would probably be raised somewhat and the angle of
attack increased several degrees. Center of pressure
and pitching moments are known to show but little
change with scale and, judging from the negative slope
of the full-scale Clark Y lift curve in reference 10, it is
not likely that the magnitude of rolling moment due to
roll would be seriously altered. There is no informa-
tion covering scale effect on wing-loading ratios, but at
normal angles of attack this characteristic is not likely
to vary greatly with Reynolds Number.

The blocking effect or constriction of the free area of
8 wind tunnel by the wing model has been described in
reference 3 and a method of correction developed for
full-span wings supported by wires. However, owing
to the very different blocking conditions existing during
pressure distribution tests from those in force tests, it
was not considered advisable to apply this correction
to the present results.

No correction for tunnel-wall effect has been applied.

DISCUSSION

The following analysis is divided into three divisions.
The first part is a detailed discussion of the effect of
each cellule variable on: (¢) Maximum normal force
coefficient; (b) lateral stability at a low rate of roll; and
(¢) longitudinal stability. The basic wing arrange-
ments used for comparison are the monoplane and the
orthogonal biplane, the latter being defined as a biplane
having wings of equal chord, a gap/chord ratio of 1.0,
and no stagger, decalage, dihedral, sweepback or over-
hang. In thesecond partthe dats are taken as a whole
and the general tendencies of the various methods of
changing the orthogonal biplane arrangement are dis-
cussed relative to the three factors mentioned above.
In the last section these general tendencies are collected
and summarized with a view toward indicating favor-
able lines for future research.
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DETAILED DISCUSSION

(2) Maximdm normal force—Monoplans (fig. 5).—
The two wings (used to make all the following biplane
set-ups) tested separately as monoplanes, give the nor-
mal force coefficients shown. The maximum coeffi-
cient is greater than that of any biplane arrangement
by about 3 to 18 per cent, these values indicating the
approximate, practical limits to the effect of biplane
interference.

Gap (figs. 6-8).—Incressing the gap/chord ratio
above 1.0 increases the maximum normal force coeffi-
cient of the cellule. Thisis because both wings operate .
under progressively more favorable conditions as their
distance apart is increased.

Decreasing the ratio below 1.0 tends to delay the
burble of the lower wing up to about 35° angle of attack.
However, it also decreases the maximum of the upper
wing (owing to the greater interference from the lower
wing) so that the cellule maximum normal force coeffi-
cient falls much below that of the orthogonal biplane.
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1.0
P17

.8
Gy 7

.& /

;/
4 /
O Upper wing fested as o monaploneT
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o
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o
F1GURE 5.—Normal force coefficlent. Clark Y monoplane. Circular tip.
Aspect ratio=6

Stagger (figs. 9-11).—Positive stagger increases and
negative stagger decreases the cellule maximum nor-
mal force coefficient. Increasing the positive stagger
has an effect similar to increasing the gap, for it in-
creases the distance between the wings and makes each
of them behave more like a monoplane. In the ex-
treme case of 75 per cent positive stagger, both upper
and lower maximum O} are greater than that for the
monoplane. However, even in this case, the cellule
maximum is less than the monoplane owing to the slot
effect of the upper wing on the lower, which delays the
lower wing maximum (), until well after the upper wing
has burbled.

Gap and stagger (figs. 12-14).—Increasing above 1.0
the gap of a biplane having positive stagger increases
the cellule maximum normal force coefficient only
when the stagger is greater than 25 per cent. De-
creasing below 1.0 the gap of a biplane having positive
stagger decreases the maximum normal force coefficient.
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Decalage (figs. 15-17).—The angles of zero and maxi-
mum normeal force of the lower wing of a biplane cellule
- having decalage are displaced from those o0f the orthog-

onal biplane approximately the amount of the de-’

calage. The upper wing shows a small angular dis-
placement in the opposite direction at low angles of
attack and a shift similar to the lower wing at high
angles. This latter displacement is not sufficient, how-
ever, to cause the maxima of both wings to occur simul-
taneously, with the result that the cellule maximum
normal force is decreased (as compared to the orthog-
onal arrangement) for all velues of decslage tested.

Decalage and gap (figs. 18-20).—Changing the gap of
a biplane having =+ 3° decalage increases the maximum
normal force coefficient of the cellule when the gap is
increased above 1.0 and decreases it when reduced
below 1.0.

Decalage and stagger (figs. 21-23).—Positive decalage
alone causes & reduction in the angle of maximum
normal force on the lower wing, but positive stagger
tends to increase it. These effects practically cancel
each other, within the range of these tests, causing the
lower wing to burble at approximately the same angle
that it does in an orthogonal biplane. The separate
effect of the two variables on the angle of attack of the
upper wing maximum is to reduce it slightly in both
cases. Inasmuch as the latter point occurs just after
the burble of the lower wing in the orthogonal combi-
nation, the net result on a cellule having positive
decalage and positive stagger is to increase its maxi-
mum normal force coefficient. This increase is great
enough so that at +3° decalage and - 50 per cent
stagger, the cellule maximum O, is only 3 per cent less
than that of the monoplane.

Negative decalage and positive stagger both tend
to delay the burble of the lower wing and cause the
stalling angle of the upper wing to occur progressively
sooner. Consequently, the lower wing reaches its
maximum from 3° to 9° later than the upper, causing
a low maximum normal force for the cellule and poor
division of load between the wings.

Dihedral (figs. 24—26).—Dihedral has practically no
effect on the coeflicient of normal force.

Sweepback (figs. 27-29).—The effect of sweepback
on either the upper or the lower wing is, in general,
similar to the effect of stagger. The magnitude of the
changes In maximum normal force are equivalent to
those that would be produced by an amount of stagger
.corresponding to the mean stagger of the sweptback
wing relative to the straight wing.

Sweepback and stagger (figs. 30-32).—Comparison
of the results of combined sweepback and stagger
with those of sweepback and stagger tested separately
(figs. 27 to 29 and 9 to 11, respectively) shows that the
mean stagger is again the principal factor governing
the normal force characteristics of the cellule. Within
the range of these tests a mean positive stagger of only
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25 per cent was obtained, an amount that does not
materially raise the maximum normal force coefficient.

Overhang (figs. 33-35).—Slight improvement in the
cellule maximum normal foree coefficient results {from
positive overhang. This increase is due to the com-
bined effect of the reduction in area of the lower wing,
which is adversely affected by biplane interference,
and to an improvement in the upper wing maximum
Cy.

(b) Lateral stability.—If the condition be assumed
that an airplane is taking off or landing at a high angle
of attack over an obstacle of sufficient size to cause
considerable turbulence, in the air blowing overit, the
inherent lateral stability of the machine becomes an
important factor from the standpoint of safety.
These conditions can be approximated for the purpose
of stability calculations by assuming an angle of attack

giving Cuyms: 8nd an instantaneous disturbance causing

pb_
a rate of roll such tha 2V—0.05.

The influence of the different biplane variables on
the first of these two conditions is of importance only
in its relation to the angle at which lateral instability
begins. (See General Discussion.) In the present case,
the conditions affecting the range and magnitude of
the unstable rolling moments due to the rate of roll
specified will be discussed.
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Monoplanes (fig. 36).—Comparison of the critical
points of the curve shown with corresponding force test
data given in reference 3 (Table III) shows an agree-
ment within 2° of the angles of attack for (=0 as
determined by the two methods of test. The lack of
complete agreement is probably due to the difference
in results obtained by application of the strip method
of calculation of lateral stability to force test data and
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pressure distribution data. Assumption of uniform
span loading was made in the force tests, but pressure
distribution data allow a more accurate determination
of the true spanloading. Consequently,resultsfrom the
pressure distribution tests take into account the delay
in burble of the tips beyond the angle of maximum
normal force on the wing as a whole and, therefors, con-
sistently give slightly larger angles of initial neutral
stability than calculations based on force tests. The
upper limit of the range of instability is likewise raised
above force test calculations owing to-the normal load
increasing again at the center of the wing before it
does so at the tips.

A. comparison of Figure 36 with corresponding auto-
rotation results (from reference 4, figs. 31 and 32)
shows relatively close agreement of the angles of attack

b
of stable autorotation at %’—V= 0.05 as determined by

these two methods of test. The pressure distribution
results are considered more reliable, however, because

b
the lowest value of g—V obtained in the autorotation

tests was about 0.20 and interpolation of the curve of
_ rotation against angle of attack from this point to

b . .
g—V=-O is, at best, very uncertain.
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F¥1GURRE 37.—Eflect of gap on rolling moment dus to roll at g%-o.os

Gap (fig. 37).—The most important feature to note
is that progressive reduction in gap causes a general
decrease in the range and magnitude of the unstable
rolling moments. This effect is due to the increasing
tendency of the upper wing to maintain the flow over
the lower as the gap is lessened. At the same time,
however, the burble of the upper wing becomes more
rapid so that in the region from gap/chord=1.00 to
gap/chord =0.75 the improvement due to the lower

149900—33——22
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wing is just offset by the greater instability of the
upper.
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Stagger (fig. 38).—Separation of the burble points
of the two wings by either positive or a small amount
of negative stagger reduces meaximum instability.
However, above 25 per cent positive stagger this sepa-
ration causes a distinct prolongation of the range of
instability. At +75 per cent the separation is so
marked that there are two peaks of unstable moment,
one at the burble of the upper wing and a second,
greater one, when the flow over the lower wing breaks
down. ’
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Fi1aune 39.—Eflect of combined gap and stagger on rolling moment due
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Gap and stagger (fig. 39).—As compared with the
orthogonal biplane, the high degree of instability
associated with a gap/chord ratio of 1.25 is partially
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mitigated by 25 per cent positive stagger and wholly
so by 50 per cent stagger. Reducing the gap to 75
per cent of the chord and staggering the wings +25
per cent has practically no influence on the character-
istics of the orthogonal biplane. However, increasing
the stagger to 50 per cent reduces maximum instability
by more than one-half. The range of instability is
small for this biplane arrangement but occurs at a
slightly Iower angle than for the previous cases.

Decalage (fig. 40).—The principal effect of this varia~
ble is displacement of the range of instability owing to
the displacement of the normal force curve of the lower
wing. Except for the —3° setting of the lower wing,
all the cases of decalage show a decrease In maximum
instability, The one case in which an increase is
shown can be explained by the fact that the burble of
both wings occurs at practically the same angle. This
concentration of the factors leading to instability has
the advantage, however, of noticeably reducing the
unstable range.

Decalage and gap (fig. 41).—Gap apparently is the
governing factor in regard to magnitude of insta-
bility. Decalage in the cellule causes its character-
istic angular displacement of the unstable range.

Decalage and stagger (fig. 42).—As pointed out in the
discussion of the normal force characteristics of this
combination of cellule variables (figs. 21 to 23), +3°
decalage and 450 per cent stagger cause Cy maxi-
mum of both wings to occur at virtually the same angle.
This condition was excellent from the stendpoint of
small b1plane interference, but coincidence of maxi-
mum normal force entails coincidence of the burble of
the two wings. The result is that this combination is
quite unstable over a small angular range. Wide
separation of the points of maximum normal force, as
obtained with —3° decalage and -+ 50 per cent stagger,
has the opposite effect, giving this biplane arrange-
ment the smallest maximum instability of any cellule
investigated.

Dihedral (fig. 43).—This variation on the orthogonal
biplane increases the maximum unstable rolling
moment slightly.

Sweepback (fig. 44).—The simple analogy that the
effect of sweepback is equivalent to the effect of the
mean stagger of the sweptback wing is not so apparent
when stability is considered as when only normal force
characteristics are compared. In the case of 5° sweep-
back on the upper wing, the effective negative stagger
is about 10 per cent, which is just sufficient to put the
burble of each wing at the same angle of attack.
Hence, strong instability occurs over a relatively short
range. (Compare with fig. 38 and its discussion.) At
10° sweepback the burble of the lower wing is dis-
tinctly prior to that of the upper. This condition
produces instability over a wide range, but the maxi-
mum degree of instability is only slightly greater in
magnitude than that of the orthogonal arrangement.

329

Sweepback and stagger (fig. 45).—As with sweepback
alone, the general characteristics are very similar to
those of a biplane cellule having stagger equivalent to
the mean stagger of the sweptback wing. There
appears to be little choice between combinations having
one wing sweptback a certain amount alone or having
the same degres of sweepback and having sufficient
stagger to make the wing tips come approximately
vertically over each other.
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Ficure 46.—Eflect of overhang on rolling moment duoe to roll at %’,—0.05

Overhang (fig. 46).—From this figure it is apparent
that any form of overhung biplane is less desirable
than the orthogonal biplane. The reason for this
condition apparently is due to the intermediate nature
of overhung combinations between the very unstable
monoplane (see fig. 36) and the biplane. Negative 20
per cent overhang is slightly preferable to the same
amount of positive overhang because the upper wing,
whose burble is much more rapid than the lower, exerts
a smaller influence on the cellule in this case than in
positively overhung combinations.

(¢) Longitudinal stability.—The scope of the present
investigation is insufficient to attempt a quantitative
discussion of the effects of the various wing combina-
tions on the longitudinal stability of a complete airplane
because of the great effect upon pitching moment of
such factors as the center of gravity location, chord
components of force, and the pitching moments of the
tail surfaces. If, however, we assume a constant geo-
metric location of the center of gravity relative to each
wing system (as defined by equation (5) in the present
case) and tail surfaces adequate to maintain balance
at normal angles of attack, the pitching moment curve
of each cellule about an axis through the assumed cen-
ter of gravity affords a basis for a discussion of certain
qualitative relations between the characteristics of the
various wing systems. Such a comparison is made
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below, the axis chosen being the 25 per cent point of
the mean cellule chord, although any other axis would
give the same relative results.
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F1aURE 48.—Effect of gap on pitching moment about the quarter-chord point
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F1GURE 49.—Eflect of stagger on pitching moment about the quarter-chord point

Monoplane (fig. 47).—Comparison of this curve with
those for the unstaggered biplane combinations in the
subsequent figures shows the monoplane to have a
steeper negative slope to its pitching-moment curve
at high angles of attack, and therefore & stronger
tendency toward longitudinal stability in this region
than any of the biplanes.

Gap (fig. 48).—Below the stall, the slopes of the
curves for all ratios are essentially the same as the
monoplane. Above the stall, increasing the gap in-
creases both the range and steepness of the stable slope
to the curve.

Stagger (fig. 49).—A. small amount of either positive
or negative stagger has little effect on the slope of the
pitching-moment curve below the stall. Increasing
the stagger above + 25 per cent very rapidly increases
the unstable slope to the curve in this region, owing to
the strong stalling moment of the upper wing.

Above the stall & negatively staggered biplane shows
very poor stability characteristics. In fact it is highly
probable that neutral stability or possibly unstable
pitching moments would exist above 22° angle of
attack in a complete airplane having this wing arrange-
ment. Positive stagger, on the other hand, produces
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Fiquex 50.—Eflect of combined gap and stagger on pitching moment sbout the

quarter-chord point
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Fraure 51.—Eflect of decalage on pitching moment about the quarter-chord polnt
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in this range positive stability equal to or greater than
that of the monoplane.

Gap and stagger (fig. 50).—The characteristics of
these combinations follow very closely those for simi-
lar amounts of stagger at a gap/chord ratio of 1.0.
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F1aure 52—Eflect of combined deeala'ge and gap on pitching moment about the
quarter-chord point

Decalage (fig. 51).—This variable has no effect on
longitudinal stability below the stall. Above the
stall, +6° or —6° decalage has a tendency to reduce
the abruptness of the familiar nosing-down action
accompanying burbling of the wings. This character-
istic is due to the marked separation of the stalling
points of the two wings and the resulting prolongation
of the range during which the center of pressure of the
cellule is moving back. Beyond this range the pitch-
ing-moment curve for biplanes having any amount of
decalage between. +4-6° and —6° does not differ
appreciably from that of the orthogonal arrangement.
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F16UREe 53.—Eflect of combined decalage and stagger on pitching moment about
the quarter-chard point

Decalage and gap (fig. 52).—Throughout the range
of angle of attack tested the only marked influence of
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decalage is to shift the stalling angle in & manner similar
to the shift when the gap equals the chord. Otherwise,
the curves fall in groups whose characteristics follow,
in general, the corresponding cellules having no
decalage.

Decalage and stagger (fig. 53).—Negative decalage
has a distinct tendency to reduce the unstable slope of
the cellule pitching-moment curves below the stall for
all degrees of stagger. It also reduces the magnitudes
of the cellule diving moments in this range to such on
extent that at —3° decalage and + 50 per cent stagger
both the slope and the magnitude are the smallest of
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F1aurE 54.—Eflect of dihedral on pitching moment about the quarter-chord point

any cellule investigated. Positive decalage increases
the slope of the pitching-moment curve as the stagger
is increased, but its effect is less than in the preceding
case. Above the stall all the cases investigated have
characteristics very similar to those of cellules having
corresponding amounts of stagger alone.

Dihedral (fig. 54).—Dibedral up to 3° on either
wing has practically no influence on the pitching-
moment characteristics of an orthogonal biplane.
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Fiagurg 55.—Eflect of sweepback on pitching moment about the quarter-chord

point

Sweepback (fig. 55).—Below the stall the slope of the
curves for all the arrangements tested differ only
glightly from that of the orthogonal biplane. This
feature of the curves agrees closely with the curves of
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pure stagger (fig. 49) of an amount equal to the mean
effective stagger of the sweptback wing.

Above the stall, sweepback on the upper wing shows
a greater divergence of the pitching-moment curve

from that of the orthogonal biplane than a correspond-

ing amount of negative stagger. Consequently, even
a small degree of sweepback on the upper wing alone
would be likely to be distinctly harmful to longitudinal
stability at high angles of attack.
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F16URE 56.—Eflect of combined sweepback and stagger on pitching moment
about the quarter-chord point

Sweepback and stagger (fig. 56).—The pitching mo-
ment of a biplane cellule having sweepback of either
the upper or lower wing and also having stagger is
essentially the same as that of a cellule having an
equivalent amount of mean stagger obtained by sweep-
back alone.
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F1aURE 57.—Eflect of overhang on pitching moment aboat the quarter-chord

point

Ocerhang (fig. 57).—At low angles of atiack positive
or negative overhang has no influence on the pitéhing-
moment curve of the orthogonal biplane. Above the
stall the characteristics of positively overhung com-
binations approach those of the monoplane as the over-
hang increases. Negative overhang up to 20 per cent

has practically no effect in this region.
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GENERAL DISCUSSION

() Maximum normal force.—Table II gives a
collection of certain of the aerodynamic characteristics
of all the wing systems investigated. A study of these
date in view of the foregoing detailed discussion of each
cellule variable reveals certain general tendencies in the
variation of the tabulated characteristics. For in-
stance, increasing (1) the gap/chord ratio above 1.0,
(2) the effective positive stagger, or (3) positive over-
hang of a biplane decreases the mutual interference
between the wings and tends to 'make the maximum
normel force coefficient of the cellule approach that of
the monoplane. With a gap/chord ratio of 1.0, change
in stagger is the most effective single factor influencing
this characteristic. However, if + 50 per cent stagger
is used with a gap/chord ratio of 1.25 (cellule CH) the
interference is still less. Finally, if +3° decalage is
used with 450 per cent stagger (cellule HM) the
normal force curve of the lower wing is shifted so that
it nearly coincides with that of the upper wing, pro-
ducing & cellule maximum normal force that is only 3
per cent less than the monoplane and is the highest
value obtained on all the biplane arrangements tested.
Gap/chord ratios below 1.0, negative effective stagger,
or use of decalage without stagger, definitely increases
mutual wing interference and reduces maximum normal
force.

From an inspection of Columns 2 and 3, the conclu-
sion may be drawn that the interference of the circula-
tion of air about the lower wing ou the circulation about
the upper wing is sufficient to reduce the maximum
normal force coefficient of the latter (as compared to the
monoplane) for all unstaggered biplane combinations
having a gap/chord ratio of 1.0.- Closer proximity of the
wings, negative stagger, or negative overhang increases
this interference. Conversely moving the wings far-
ther apart or using positive overhang improves the
operating conditions of the upper wing to the extent
that it attains a greater maximum normal force coeffi-
cient than the monoplane. The optimum point of
separation beyond which the characteristics of the
upper wing begin to reapproach those of the mono-
plane, apparently has not been reached in the scope of
the present tests except in the case of overhang.

The interference effect of the upper wing on the lower
may be compared to that of a leading-edge slot on an
ordinary airfoil. Thus, in all cases, decreasing the
gap/chord ratio to less than 1.0, or using positive
stagger, tends to maintain the flow over the lower wing
to very high angles and large values of normal force
coefficient.

The angle of attack for maximum normal force
(column 4) is seen to be virtually coincident with the
angle for initial lateral instability (column 5) except
for the biplane cellules having 6° positive decalage (IN)
or +50 per cent stagger with 3° negative decalage
(HL). In each of these cases the angular interval of
safety between maximum lift and the beginning of
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lateral instability is due to wide separation of the stall-
ing points of the component wings in the cellules.
However, it should be noted from Figures 40 and 42
that, although these cellules do not reach true neutral
equilibrium until the angle of attack specified in Col-
umn 5, they have only a very slight degree of stability
for 3° or 4° below this point.

(b) Lateral stability.—Columns 7 and 8 give the
initial range of lateral instability and the maximum
value of unstable rolling moment due to roll. Close
correlation of these characteristics with each other or
the other criteria given in the table is not possible, but
& few very general relationships can be noted.

The average range of lateral instability is a little less
than 9°. In nearly all cases of cellules having & very
much larger range, initial instability is due to the upper
wing burbling first while the lower wing continues to
maintain lift and & stabilizing influence on the combi-
nation, For this reason such wing arrangements
usually have relatively small values of maximum
instability, but, owing to the fact that the instability
which does exist depends primarily on the sharpness
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and extent of the burble of the upper wing, all cellules
do not follow this rule.

The geometric relation between the wings best suited
to obtain the combination of a short range of instability
and a small maximum instability, is a gap/chord ratio
less than 1. An apparently outstanding exception to
this rule is the combination having a gap/chord ratio of
0.756 and —38° decalage (EL). It will be noticed from
Figure 41, however, that this cellule is only very slightly
unstable over the last 15° of the curve.

A second method for obtaining & short range of
instability is the use of + 50 per cent stagger and +4-3°
decalage. This cellule (HM) shows the closest coin-
cidence of the normal force curves of its component
wings and consequently the minimum dispersion in
angle of attack of the negative slope to these curves.
However, this very condition produces a magnitude of
maximum lateral instability that is greater than the
average. '

If the range of instability is of secondary importance
and only the maximum value of unstable rolling moment
is considered, separation of the normal force curve of the

TABLE II
SUMMARY OF AERODYNAMIC CHARACTERISTICS
Cellule variable 1 2 3 4 5 i} 7 8
- ! -4 D
E co | B SE | 22 |8
3 48 | @ k| 3 £8
o B 3 g‘ B 5 8 EZ S i'o a %
g 2 % ! w0 @ a B @I S0 : ] = y 5'3‘!&
s | 5 | B| E 5 2 = 2 |%i|Sg| B | 3 e
3 g g e 8 : 2 ok | S o g3 @
s| 83| 2| BBl & 4| & |85 = 88| E L
o @ =] [a] @ [«] &) [ ) 5 < -
A Monoplans (avamgeg 0 0 1.329 16 16 25 9 0. 0288
B 150 0 0 0 [ 3.240 1848 1150 17 18 26 8 . 0264
o L25 0 0 0 0 0 1218 1333 1.138 18 18 28 8 . 0232
D L 00 0 0 0 1} 0 1.203 1.287 L 142 18 18 a 9 .0151
E .75 0 0 0 0 0 L 157 L1167 E‘ 18 19 a7 8 . 0163
r .50 (] 0 0 0 0 1090 1004 ., 20 20 25 5 . 0102
G 1 .75 0 0 0 [ 1278 L414 1.430 16 17 31 14 0077
H 1 .50 0 0 0 0 L2556 1360 1.333 17 19 29 10 011
I 1 .25 0 1} 0 0 1269 L 348 1.280 18 18 27 9 .0138
J 1 - 25 0 0 0 (1} L128 L. 250 1.104 18 17 27 10 .0139
CH 125 .50 1] 0 0 0 1.285 L3718 1.288 17 18 25 7 . 01681
[0) 8 L25 .25 0 (] 0 0 1. 285 L 345 1227 18 18 27 9 . 0214
EH .75 .50 0 0 0 0 1217 1. 360 41, 500 16 17 21 4 . 0085
EI .75 .25 ] 1} 0 0 1205 L 240 $1.418 18 19 25 6 .0168
X 1 0 —8° 1} 0 0 L126 1290 1.216 2 a1 31 10 . 0103
L 1 0 —-3° 0 0 (1] L1032 L 800 1.185 20 20 27 7 . 0235
M 1 0 :l:g: 0 0 0 1.149 1290 1. 148 15 18 25 9 . 0098
N 1 0 0 0 0 1105 1.328 1190 12 15 25 10 .0125
CL 125 0 —3° 0 1} 0 1.0 1.331 1216 20 20 29 9 . 0205
oM 125 1} +43° 0 0 0 1.185 1.280 1.151 18 18 26 10 . 0182
BL .75 0 =3° 0 0 ] 1158 1220 E'; 20 21 o A5 241 . 0151
EM .75 [1} 0 0 1] 1. 142 1160 e 16 17 25 8 . 0145
HM 1 .50 0 0 0 1.292 1.370 PL283 16 17 23 8 . 0193
HL 1 .50 =3° 0 0 0 1181 1.357 1,385 17 422 32 10 . 0044
IM 1 .25 +3° 0 0 0 1231 1.290 1.151 18 17 27 10 . 0135
IL | 1 .25 -3° 0 0 0 1189 1313 L1318 19 20 31 11 .0132
(o] 1 [ [ 3° vp. 1] 0 L 230 1320 L 156 17 18 28 8 0223
P 1 0 0 3% 1R, o 0 L1212 1,277 1 140 18 18 26 8 . 0182
g 1 0 [ 0 10° UP. 0 1.135 L 231 1100 16 16 29 13 .0158
1 0 0 0 5° TP, 0 L1 1302 L112 18 19 2 10 .0248
8 1 0 ] 0 10° LR, 0 1,238 1.328 1.182 18 19 27 8 .0218
T 1 0 0 0 5° LR, 0 1219 1.313 L1097 18 18 28 8 . 0183
IR 1 .35 0 0 " 5° vp. 1] L1225 1.310 v 1.248 18 19 27 8 0179
Hx% 1 .50 0 0 10° UP. 0 1.224 1.324 1.310 18 18 27 9 . 0139
1 -. 50 0 0 10° LR. 0 1.125 1.269 1. 051 17 17 28 9 . 0194
1 1 0 0 0 0 —20%, 1143 1.185 1190 17 18 28 8 .0193
v 1 0 0 0 0 Lm% L254 1373 1100 18 18 27 9 . 0234
W 1 0 0 Q 0 0% 1240 1.349 1.147 18 17 26 9 . 0287

s Marimum normal force coefficlent occurs at a very high angle and is not well defined.
» No well-defined maximum. The normal force coefiictant continues to increass above the values glven after only a slight loss in lift

« Only very slightly unstabls above 30° angls of attack.
4 Only very slightly stable above 18° angle of attack.
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upper and lower wings is desirable. This condition
can best be obtained by use of +50 to 475 per cent
stagger at a gap/chord ratio of 1.00 (cellules H and G),
+50 per cent stagger at a gap/chord ratio of 0.75
(cellule EH), or 50 per cent stagger combined with
—3° decalage (cellule HL)), the last-mentioned arrange-
ment being tHe most favorable.

(c) Longitudinal stability.—Quantitative comparison
of the various wing arrangements on the score of longi-
tudinal stability is impossible from the present data.
However, a general review of all the pitching-moment
curves reveals normal slopes below the stall except for
combinations having a large amount of stagger or
positive stagger combined with negative decalage. In
the former case, abnormally large tail surfaces would
probably be required to maintain longitudinal balance.
In the latter case the opposite condition exists, these
cellules showing the smallest unstable pitching mo-
ments below the stall of any wing system tested.

Above the stall, the monoplane or & biplane having 40
per cent positive overhang or at least +25 per cent
effective stagger, with or without small variations in
gap/chord ratio or decalage, gives better than average
stability. A very small gap/chord ratio or negative
effective stagger has the opposite effect.

SUGGESTIONS FOR FUTURE RESEARCH

From the preceding outline of the general effects of
wing arrangement on the efficiency and stability of the
lifting system of an airplane, certain lines for future
investigation suggest themselves. Table I shows a
considerable field to have been covered in the present
research, but the intervals between test points have
necessarily been so large that more detailed investiga-
tion of limited portions of the field would be likely to
reveal wing combinstions that are better than any
tested thus far. Omitting, for practical reasons, con-
sideration of the improved characteristics of such
abnormal biplanes ‘as those having gap/chord ratios
greater than 1.50, more than 75 per cent stagger, or a
combination of these features, the arrangements that
indicate the least loss in maximum lift due to biplane
interference are those having combined positive stagger
and positive decalage. Slight increases in either stag-
ger or decalage or both, with or without an increase in
gap, might produce a biplane equal to the monoplane
in maximum lift.

Of perhaps greater interest are cellules showing a
tendency toward improved lateral stability. Along this
line positive stagger combined with negative decalage
shows the greatest promise. Reduction of the gap of

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

such cellules or the introduction of sweepback on both
wings should continue to improve conditions suffi-
ciently to warrant a much more detailed investigation
of the combined effects of these variables.

Good longitudinal stability usually exists in laterally
stable combinations, but it is apparent that high maxi-
mum normel force does not go with the other favorable
characteristics. Consequently, it would be of consider-
able interest to determine the best cellule from the
standpoint of stability and then attempt to compen-
sate for the loss of lift on the upper wing by use of

flaps or slots.
CONCLUSIONS

1. Within the range of this investigation the changes
given in the following table from the orthogonal,
circular-tipped, Clark Y biplane tend appreciably to
reduce mutual wing interference and raise the maxi-
mum normal force coefficient, of the cellule. The partic-
ular cellule cited in each class is the best wing ar-
rangement tested. '

Perceiﬁ‘t-
ago
Wing arranggguecnt orth)ogoml axcept Cirmas om-
thogonal
Orthogonal biplane L.205 0.0
Overhangm +-20%. cucacmccmamcamanenn 1.254 4.1
Bﬂaﬁw- 75‘%5 L3276 5.9
% iy S 1285 8.6
gty 0] AU Lom 7.3
Monoplane 1.320 10.3

2. Reduction in the range of initial lateral instability
is best accomplished by use of gap/chord ratios dis-
tinctly less than 1.0.

3. Reduction in the magnitude of maximum lateral
instability is best accomplished by use of positive stag-
ger at & gap/chord ratio of not more then 1.0, or posi-
tive stagger in combination with negative decalage.

4. For the same location of the center of gravity with
respect to the mean chord combined positive stagger
and negative decalage shows the greatest relative longi-
tudinal stability below the stall.

5. Strong longitudinal stability above the stall is
best obtained by uase of positive stagger in combination
with any other variable.

LaNGLEY MEMORIAL ABRONAUTICAL LLABORATORY,
NaTroNAL AbvisorY COMMITTER FOR ABRONAUTICS,
Lawarey Fiswp, Va., Oclober 15, 1931.
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TABLE XIX TABLE XXII
CLARK Y CIRCULAR-TIPPED B]:PLANE CLARK Y CIRCULAR-TIPPED BIPLANE, G/c=1.25;
DECALAGE=+3° DECALAGE=43°
ALL OTHER DIMENSIONS ORTHOGONAL ALL OTHER DIMENSIONS ORTHOGONAL
Upper wing Lower wing Cellule [ Upper wing Lower wing Cellale
a - a | *
Cr Cps | Cov | Cx | Cpa Coy Cx | Cament ¢ ) Cx Cra Cyy | COn Cys | Cry Cx | Cmeni ¢
Derrel| o165 |~0.248 | 0452 | 0,158 | 0001 | 0403 [~0. 001 |~0.009 |~L 00 Dm‘?l—am —0.207 | 0.421 | 0.100 | 1.452 | 0300 |~0.037 |-0.100 |~1.750
4| .om| Lie| amo| 38| mae| .a3e| .107 | —o95| .242 —4| .86 L378) .484| .310| .623] .438| .108) —.089| .a77
o| [263| ar3| -av6| .me3| -387| 437 [a38| —om| 448 0| .30t| .as6| .466| 583 | -880| .4a1| 40| —070| IEI3
4| sn| seaf e8| 72| 33| t4m3| ses1l—067| TR 4! ‘eos| .82 .ase| .7o5| .337| .440{ 701 | —o060| 763
8| ‘se| ‘309| .465| ses0) 313 457| To09| — o8| 835 g| -860| .22 .463| 1.003| .300| -455| .933| —.068{ .857
12| rosz| .263| .467|L120| -300( -463| Loo0| —o050] 032 12| 1098 .288| .457| L133| .207| .de8| 1118 | —o47| 068
14| Ti4a| 285( -483 | L141| .200| .481| L142| —o08| 1000 4| L1m2| 202 40| L151| .388| .475| Llez| .oi7| o8
18| L2s2| .275] .468| .0o0| -368| .505| L188| —.075| L208 18| L2se| .201| .461| 1.105] 308 | .40t | 1.195| —055 | 1162
18| Lios| ao2] ‘s3] toer| a0 lzos| Loz | —.100| Lin 18] Liet| 203 .608| .88 .3g7| .508| Loas | — 080 | 1,376
20| “sa| ‘33| im0 Lo03| 407 -s05| .ea7{ —116| .89 20 .ast| ‘3ea| 530 | lves| 40| isos| o11] —128| ms3
29! 07| 34| &9 |Loeo| a6 T4s8| mse|—121| 688 22, s04| s7e| Ismal vows| i15| ldo7| le10| —184| 793
25| -ei0| 38| iE4|Lise| -oa23| ass| ses| —128| o554 25| .746| -388| 04| Lors| c428| t4s6| 10| —.339| 693
30| -era| ‘mar| iboi|rams| 423 J4m| ese| —130] 548 30| 73| sse| coa| rie1| .423| [4sz| loe7| —143| 668
36| .eea| 314 bos|1z05| 420 lato| es7| —iss| B2 35| 803| -356| 601 | Los1| .44t c477| roar|—.163| 642
10, .| 200| ;2| Lae3| 41| lam| Lo13| —140| 446 10| 73| 3ul l40e| L3se| las7| l472| Lo | —163| &7
| 4m3| ‘207| s | L4s0| u3| law| er2| —.120| 340 so| -eor| -300| ‘o3| Tado| [452| [488! Loew| —.167| 484
60| .222|—132| .&75 | Ldos| .461| [a75| a0 | —116| .18 60} -448| 160| 630 Lado| .40 | .4v6| o043 | —.140| 310
701 —153| .510) .816| 1488 | .471| .469| .e6s | —.1a4| — 103 70{ —131| .823| .250| L1438 .483| .474| .e78| —. 136 ) —. 088
801 .107| s34| .249| L4aa| bo7| Jas8| lem|—1m|—.0m 8] —167| .516| 344 | Lass| 501 | -400| .680] — 164 | — 112
90| —116| -506| 270 |L4se| 4| - 684 | —.180 | —. 078 90 ] —168| .516| .205| L46o| 526 -460| 651 —.181 | — 114
TABLE XX TABLE XXITII
CLARK Y CIRCULAR-TIPPED BIPLANE, CLARK Y CIRCU'LA.R—TIPPED BIPLANE, G/c=0.75;
DECALAGE=+6° ECALAGE=-—3°

ALL OTHER DIMENSIONS ORTHOQONAL

ALL OTHER DIMENSIONS ORTHOGONAL

|
Upper wing Lower wing Cellule Upper wing ' Lower wing Cellule
(-4 B a i
Cx Cre Csy Cx Crs Css Cy Cmeli [ Cx Chys Cyy Cx Cys Cyy Cx Cn ofi [}
|
Degrezs Degrees i
—8 [—0.255 [—0.070 | 0.429 | .0376| 0.515( .0419 | 0.061 [—0.091 |—0.678 —8 [~0.046 |—1.535 | 0.376 —0.209 | 0.012 | 0.483 |—0.173 |—0.077 | 0. 164
—4 .009 { 10.360 | 1.181 .646 | .388| .432 .328 | —.090 .014 —4 175 .763 | .444 | —. 085 |—1.807 | .508 . —. 098 |—2 603
0} .208! .534| .478| .851| .345| .46 .530( —.070; .245 0 .421| .307 | .45 \ L1738 ) .828| .436| .27 | —.081| 2.430
4 545 373} .457| L033| .8I18| .45 .788 | —. 069 .528 4 .48 .334 | .451 45 462 | 447 407 | —. 064 | L876
8 .820 .316 | .451| L3181{ .263| .465| L0O01| —.053 -694 8 .859 .308| .448 1 570 372|454 718 | —. 059 | 1605
12| LOSO| .260| .449| 1.128| .301| .491} LI104) —.050| .960 12| L030| .281| .460' .760| .320| .484| . —.043 | 13585
141 L301 L2777 | 450 .870| .386| .501| L090]| —.032| 1.450 14} 1.082 .380 ] .468 1 .869 314 | .459 976 | —. 044 | L2410
16| L315| .271| .472| .808| .411) .404| 1106 | —. 086 | 1.488 16| L170| .272| .470; .982| .307| .462| L076 | —. 041} 1192
18 .974| .320| .515| .9881 .415| .488| .980| —120{ .987 18| La17| .27 .47e| 1052 | .303| .465f 1135 | — 046 | 1.150
20 17 L343 | .530| 1.035( .425} .488 -906 | —. 128 <750 20| L201 271 | 489 i L117 .804 ) (469 1160 —. 043 | 1070
22| .675| .338| .528| L1I8| .418] .481| .896 | —. .605 21 1108 .200) .56 L178 [ .203| .473| L1142 | —, . 938
25 .628 L3171 6081 LISl .429| .470 005 | —. .531 25 .689 .39 | .538 \ 1242 L3491 .480 L9668 | —. . 666
30 843 312 .507| L2781 .481| .473 98l | —. -603 30 .603 L313 ) L5140 1.290 .413 | .481 T — 124 .467
5 .623 .201| .508| L378| .431| .472) LOOL| —. -452 35 . 567 L2151 L6224 1.203 .436 | .474 L9301 —. 128 .438
40 570 J266 | .511| 1.442| .438| .470| L0068 | —.140 .8956 40 484 L2181 .532 ) L400 445 | .472 2| —.130 . 340
50 .468 2179 | 503 | L4909 | .451 | .407 0841 —. 134 312 H 50 . 520 L0591 5681 1 L1487 L4468 | 471 L4 —, 115 .2156
60 .168| —.277| .581| L519| .471| .471| .844 | —124| .11 60| .053|—1848| .888| L5131 .459) .471| .783 | —103| .035
70| —.147| .514| .308| L488] .487) .471| .67l | —.157 | — 099 70| —. 140 | .517| .292| 1.486 | .470| .470( .673 | ~—.146 | —. 094
80 | —.108 -484 | 257 | L467| .518| .467 .680 | —.181 | —. 074 80 | —. 102 852 | 243 | L1498 L4890 + 472 L6907 | —. 164 | —. 088
90 | —. 127 <497 | .283 | 1478 520 .485 .676 | —.190 | —. 088 80 | —. 088 .500| .197 | L6505 600 | .474 L709 ,174 | —, 058
TABLE XXI TABLE XXIV
CLARK Y CIRCULAR-TIPPED BIPLANE, G/c=1.25; CLARK Y CIRCU’LARTIPPED BIPLANE Gle=0.75;
DECALAGE=—3° ECALAGE=4-3°
ALL OTHER DIMENSIONS ORTHOGONAL ALL OTHER DIMENSIONS ORTHOGONAL
Upper wing Lower wing Cellule Tpper wing Lower wing Cellule
-4 (-4
Cx Crs | Gy Cn Crs | Gy Cx | Cmen e Cy Csy Cx | "Cps | Cpy Ox | Cumant ¢
Degrees Degrees;
-8 069 |—L.002 | 0-462 |—0.380 | 0.232 | 0.489 {—0.225 [—Q.046 | 0.182 —8 (—0.197 |—-0.137 | 0.410 | 0. 179 | 0.822 ( 0.415 [—0. 009 [—0. 039 |—1,100
—4 179 818 | .423 | —. 105 .6l6| .449 .087 | —. 031 |—L1. 705 —4 L0487 | 2015 | .533 .3685 515 | .430 .206 | —. 039 129
0 402 428 | .451 137 002 | .452 A0 | —. 2.985 0 21 .483 | .472 .631 .388 | .438 .421 | —. 0608 . 335
4 . 856 360 | .449 .369 .472 ) .439 Sl12 | —.077| L7765 4 .521 341 .456 .812 L3411 .452 .667 | —. 081 042
8 914 .317 | .451 .612 3671 457 783 | —. 1.492 8 783 .300 | .451 .985 LB11 | 455 .859 | —, 052 . 780
12| L1118 .200 | .458 .823 319 | .455 BT - 1.359 12 940 276 | .455| L 097 .301 | .462| 1.019 | — 039 .858
14| 1.200 .280 | .462 . 950 811 .458| LO75| —.052 | 1.283 14| 1039 .2690 ) .456 | 1.150 289 | .470| L095) —.032 002
i8] L275 J285| .468 | L024 .207| .463| L150 | —.048 | L2438 16| L1141 2851 .460 | 1.143 L2041 482 | L1142 | —. 034 . 098
18] L3831 280 | .477 (| L1120 .207| .468| 1.230 | —.052| L180 18| L1390 .250 | .493 977 L8304 | .490| L.058| —.070| L165
20| L239 .203 ] .486| L1159 285 .478| L2224 | — 048] L112 20 . 609 .328| .5631| L129 L3071 .492 .014 | —. 110 .619
b7 973 3551 .645| L215 2971 4791 L0894} —.070 .800 2 . 604 .380| .544| L 180 418 | .490 .881 | —,121 820
25 .768 37181 .510| L0s8 .385 ) .499 013 | —. 125 724 2% .530 L2086 625 L2714 .418 | 503 003 | —, 120 416
30 815 .3671 .498| LO058 423 | .47 .937 | —. 140 .70 30 b64 .20 .528| L343 440 | .478 JH0 | —. 134 412
35 .8562 .862 | .401} L1851 .430 | .475| 1002 | —. 161 .740 35 . 448 214 | L5309 | 1.430 443 | .472 . —. 130 .313
40 . 860 .356 | .498| L2217 481 | .477) L0384 | —.156 .699 40 .37 135 | .536 | L4589 A34 | .470 .916 | —. 112 254
50 . 767 3] .505| L3585 .450 | .476| L0681 | —. 168 .568 50 .2351 —. 008 .881] 1533 .453 | .468 .884 | —. 118 153
60 504 L2181 542 | L1430 457 .473 967 —. .353 60| — 0221 3.034|—.168| 1528 .467 | .460 754 | —. 134 | —. 014
70| —.105| 1.165| .127| 1.518 478 | .475 L7 | —. —. 069 70| —.139 L4701 .282| 14985 488 1 .4690 678 | —.163 | —. 093
80| —.170 .483 | .338( L5510 .489 | .489 668 | —. -, 119 80| —.101 LB552 | .210| L500 500 | .485 701 | =172 -,
90 | —.162 504 .278 | L4689 526 | .478 658 | —. —. 110 90 | —. 104 . 551 c219 | L4go 520 | .471 .687 | —. 184 | —, 070
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340 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

) TABLE XXXI - TABLE XXXIV
CLARK Y CIRCULAR-TIPPED BIPLANE, CLARK Y CIRCULAR-TIPPED BIPLANE,
SWEEPBACK=10° ON UPPER WING SWEEPBACK=5° ON LOWER WING
ALL OTHER DIMENSIONS ORTHOGONAL ALL OTHER DIMENSIONS ORTHOGONAL
Upper wing Lower wing . Cellule Upper wing Lower wing Cellule
(-4
a
O | G |G| v | Cu [ G| Ov |Caen| e O | G | Gor | Ow | O | G| O [Caen] ¢
Degrees Degrees]
—8 |~0.137 |—0. 398 | 0.405 |—0.132 {0 503 | 0.405 |—0.135 |~0.100 | L 038 8 |-00e0|-0.lmd | 0440 \—0.008 11509 1 0.520 | —0.0 1000 L
—4| (104} rie2| .488| 15| L1023 .405( .110| —103{ (0@ ol 3l came | T160| —328| zo0| ‘aio]| ‘3| iovel Loz
Ol 2001 .481] 42| .3:3| .488) .430| 311|073 .873 4| ‘e30| 33| 46| [sB2| .378| .448 | 606 | —.086 | L1082
IR I oA B A A o -1 -7 8| -885| .314| .449| .772| .3a4 | .455| .834 | —. 088 | 1100
S| R -3y ocus) Wm| G- T8 - 12{ £100{ 287 | .4e3| 060 309 41| Lo30 | — o045 L1dg
AR AR B A I - A B - Bt A 1] 14| Lsg] 250 (460! T039| -300| .463 | L114 [ —.0t0 1142
- . . - 5o Bt v 16| L263) ‘273 | 470| L109| 205 | .460| L180 | —.035 | 1. 140
16( L183| .282) .450 | 1083, .289) .473| L - 18| 38| ‘276 .476 | Lio7| .204| .470| 1210 | —.087 | 1.165
18| L1 <262} .451 975 .301{ .471| L1038 | —. 1.263 20| Lo02 852 4 1. 197 305 47| L1101 | —. 000 7
20 L10) 250 ‘443| 1010| 37| 433 [ 1061 | —. 078 [ 1100 2| “eil| 33 sl rie| 53| ciss| e | =i i3
22| .700| .38 486 907 .407) .485) 834|088 .72 25| ‘ms| 381 .si7| rieo| .ae2| 45| .ear | —.138( .67
o5 le19| 38| 48| Lose| 16| .dss| .sa7|—.08| .588 wn| | 35| Tioo| ‘0| ‘aes| o6 | Ziioe | ess
304 5890 .319| .485| L129) .422| .478| .860} .06} .o 351 .764| .336| .510| L265| .430| .450| Lo010|—162| .608
38| 50| 287 ‘486] Lo2to| 49| J475( gm0 | — 073 | (435 w0l 18| s=| Tol cass| el Toss| ks | (gt
01 A8 241} 42 LB 4344 A7) 570 —.065 ) 814 50| 630 .285| -E8| L422| .430| .485| Los1|—170 | 1478
O %2 —-n2) 23 Lz 434 a5 LIT OB 0B 60| .521| .108| 648 ) 1430 | .463| 460 | 980 | —.107 | .363
o -4 I IS W R I 18 SR g -3 g 70| .140| —.308| .010| L468| .473| .485| .804|—.168] .
DlzEmy s 28 LA AT A% S| o | Cey 80| —132( .509| .252) L470| .485( .488 | .674 | —. 215 |—.089
Sl mel o) 2 La o7 LA a4 g o4 90| —108| .40 .26 Ldeo| .517| .467 | .076 | —.252 [—.074

TABLE XXXV

TABLE XXXII
CLARK Y CIRCULAR-TIPPED BIPLANE, STAG-
CLARK Y CIRCULAR-TIPPED BIPLANE, GER/CHORD=-4-0.25; SWEEPBACK=5° ON UPPER
SWEEPBACK=5° ON UPPER WING WING

ALL OTHER DIMENSIONS ORTHOGONAL ALL OTHER DIMENSIONS ORTHOGONAL

Upper wing Lower wing Cellule Upper wing Lower wing Cellulo
[~ 4
(-4
Cx Ge | & | On Cu | Gy | Ox | Caen . [o/% Cys | Cpy [/ Cps | Cpy Cy ‘C’- ./4‘ ¢
Degrees Degrees,
—8 |~0.137 -0.400 | 0.304 {—0.133 [—0.570 | 0.483 |—0.135 |—0.009 [ L.03D T8 0085 |—0-076 | 0431 |-0.108 0087 | 528 (~0- 1% |0 0a4 | 9-8%0
—4| 1B LG7( 01| .23 1345) 306 .28 —.208 | 1008 0] .39 | .453| .451) :205| 503 ( .438 | .346 | —072 | 1.343
ISl A B B S A R+ et A g 4| o3| c3s2| as1) Bsa| 33| t4s2| 604 | —.071 {1180
H IR BRI R A IR B Bt vl It 8| .o11| 311 -444| 751 | 342 | i85 | 831 | —oce2| 1211
. . . . . . . - 12| Li25| 292 .452| ‘28| 30| s4e3 | Loo7 | —.058 | 1214
12| Towo| 202] [4m | 691 | -304| .463 | 1.016 | — 051 [ 1040 AR AR AR A AR A R e A bk
H BRI B A B o - BT s o et Bt 16| L2es| .oro| .453| Lios| [301| .470| L201 | — 0do | 1175
. . . . . - 18| L300| 281 | (474 | Lo | :295| 477 | 1225 | — 049 | 1,182
18| 1302| 378 | t459| Loss | .303) .491| L1sk | —. 054 | L1109 A ER AR AR A R R A s = A kR
2| LU0y .22 .470) 10051 L3801 460) LOSB) —081) LI 22| 7rs| 367 | 619 | L248| 313 | ldod| Lo12 | —.104 | o3l
#| .15 36| 50| L3 405 488 500 .18\ .70 25| [723| .3851| 497 | L1104 | 1409 | 1468 | los0 | —.160 | .805
Bl B 34 AW L0 411G 403 505 ) =101} 580 80| .776| .347| (603 | L200| 428 | .463| 088 —.163 | .845
30| .e16| -313| a05| L1t0| 42| t474| s |—.102| 1526
0 -asf .32 il I Il Sl e A IS+ 35| .783| 349 .500| L266| .434| .460 | Load | —175| .618
. . . . . . . . 40| 82| 330 i405( 1325| 430 (458 | 1054 | — 182 590
10| 58| -268| -400| 1350] 429 [4e9| 939 [ —.100| -301
01 5Bl 28| 401 L3 AR | | e de 50| .713| -290| 1484 | L402| ‘448 - 1.058 | =180 ( .508
ol BT IO I OO e B S I IS4 B IR 60| 55| 221 .474{ L450| 461 | .457| Loot| —.177 | 381
. . . . . . - - 70| 200| —111| -320 | 1476 .478| 460 | .s38 | —.174| 138
70| —173| .4ro| .m0 | L488| -470| 464 | 657 | —0m |- 117
DB - LS o s o 80| —1s| B3] 33| T 502 463 | 640 | —313 (—101
Eof Bt -+ A I e I A - IR B g 00| —124 | 474 | 258 ) 1. 517 | 62| 656 | — 228 |—.080
. TABLE XXXIII TABLE XXXVI
CLARK Y CIRCULAR-TIPPED BIPLANE, STAG-
CLARK Y CIRCULAR-TIPPED BIPLANE, GER/CHORD=+0.50; SWEEPBACK=10° ON UPPER
SWEEPBACK=10° ON LOWER WING WING
ALL OTHER DIMENSIONS ORTHOGONAL ALL OTHER DIMENSIONS ORTHOGONAL
Upper wing Lower wing Cellule Upper wing Lower wing Cellule
a (-4
Cx Crs | Gy | Cn Cps | Coy | Cx | Camup e Cx Crs | Coy | CK Cps | Cos | Cx | Cmen e
Degrees] Degrees,
—8 [—0.102 [—0.585 | 0.453 |~ 074 [—0.575 | 0.470 |—0. 088 |—0.087 | 1370 —8 |—0.076 |—0.864 | 0.411 |-0.132 |—0.491 | 0.513 |—0.104 —0.089 | 0.575
—| ier| s .ass] .12 | L120| .427| 138 | — 090 | 1,248 —4| 18s| .7e0| .453| .08 | 1.401| .437| .138| —.092 [ 2160
o| a8 [a23| lass| zm| s | sws| 318 — o068 | L3 0| -4d8| -402| : 26| o525 .445| 3021 —.061 | 1.623
a| ‘esa| mo| is2| ee7| 3l laav| le1z| —. oz | 1106 4| Jeor| 38| _447| 523| 318 | .461| .007 | — 053 | 1.321
8| ‘e30|  308| 4s0| 745| 33 .450| =38 | — oas | L2%0 s ‘oos| som| s4s1| [724| 330 462 | CIs26 | —.043 [ 1282
12| £143| 23| 49| lee| 36| 1456 | L0 | —. 042|130 1| Lus| Czs| 40| cets| l3le| des| L0 —.37 | 120
M| L200| -2m| -4s9| Lo | -303| .ad7| L.106 | — 03¢ | 1187 1l Tosz| - cast| Low0| z03| .4v0| L1368 | — 031 [ 1250
16| U201 | 2o t4e1| Toss| 300 456 | 1192 | — 085|181 16| rais| -2ma| Jasa| T120| 300 | 470 L224 | —.030 | 1167
18| Las| (os| 47| Liso| 200 2460 | L228| —028|L178 18| 1222 | a2 ‘468 | Liso| 285| .a74| 1205 | —.0a7 | Lo29
20| L2o7| -280| .b06| Lisi| 30| t456| L1 | — 043 | Lois 20| T126| .288| .de1| 1.230| 308 | .78 | 1178 | —. 060 | .16
2| Tas| 30| lms| Lise| laso| taar| Loz | — 18| 78 22| goo| .302| -4s5| Lzoo| (20| .487| Loso | —120| .015
25| ‘70| 3ss| ees| Lies| a3 | tasr| e8| —170| ‘e61 25| 77| 56| .ava| Logs| 393 | 1450 | Lo008 | —104 | .678
30| -siz| ‘3e7| mms| Tims| a2s| tasz| levs| —1m| lem 30| 787 | 35| 47| La1a| 423 | 1468 | L.00L | — 174 | .048
as| ss| 3s6| .s15| Lozs| (434 | (448 | Losa|—185| .es2 35| .38 .354| .463| 1.281| .436| .473| L060| —.191 | .055
10| sa| 33| lsw0| Lawe| 43¢ 446 | Toco | —102| Je50 10| sso| 381 462| LB | -432| .470| Tos3 ) —.200| .62
50| -s30| 3:| ‘mpa| L3sa| Cas2| las3| Tio7|—200| leno 50| 833 .348| .444 | L416| 445 | o473 | L12t| — 216 | .688
60| 70| .308| imes| Lame| 455 {480 | Loz |— 214 | “ 508 600 .718{ .204| 421 | T4s5| 461 | .463| Too9| —.221| I480
70 ‘45| ‘200| leso| Taan| a3 | l4sz| o33 —.214 | 322 70| t461| 207 30| L4so| 4va | t4e2| om1 | —2@1| a0
80| os5|—3s8| -s00| Lace| 491 tae0| 72| —244 | l087 80| .100] —3s5] .27 | 1637 | 4ok | .des| 83| — 26| .071
90| —o7s| .se4| .os1| Laso| 55| .488] 677 | —. 273 |- 068 90| —119| .528| .260| 1.450 | 518 | -478 | .688 [ —. 279 [
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DISTRIBUTION TESTS ON CLARK Y BIPLANE CELLULES WITH REFERENCE TO STABILITY
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