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Summary.—(a) Reasons for Enguiry.—To add to the available data regarding lift and hinge moment on a control,
and to test further the ideas developed in R. & M. 2008%, with especial reference to the effect of curvature of control
surface.

(b) Range of Investigation.—Measurement of lift and hinge moment on a two-dimensional aerofoil (sectmn NACA 0015
chord 18 in.) fitted with a 40 per cent control (radius-nose).
(i) Control Section
NACA 0015 original two-dimensional and finite aspect ratio (4 == 2-67).
Maximum bulge or depression at 05 ¢, from hinge maximum bulge 3 per cent by 1 per cent steps to
maximum depression 2 per cent.

Maximum bulge or depression at 075 ¢, from hinge  maximum bulge 3 per cent by ! per cent steps to
maximum depression 1 per cent.

(ii) Range of « V . —2 deg to +6 deg.
(iii) Range of 4 —15 deg to +15 deg.
All experiments were carried out with and without turbulence wires.
An investigation was made into the effect of gap between nose of control and main aerofoil, speed effect and effect
of reducing trailing-edge thickness by chamfering the last 1} in. of control surface. .
Reynolds number = 0-57 x 10° (¥ = 60 ft/sec).
0-71 x 108 (V' = 75 ft/sec).
Description of angle-measuring apparatus is given in an Appendix.
(c) Conclusions.—(i) Original NACA Q015 control section.—The curve of by/(d)r against a,/(a;)r given in Fig. 25 of
R. & M. 20082 is more fully established by the inclusion of two points taken from data of this report.
The expressions ayfay, by/a, and (a,/a,) (b, — b,) were found to be roughly independent of aspect ratio (Table 5).
(ii) Convexed and concaved control section.—The results are given in Figs. 3 to 20.
Convex surface—reduces negative b, b, and a,, a, (se¢ Fig. 21).
Concave surface—increases negative by, b, and 4y, a, (see Fig. 21).
Except for extreme degrees of convexity, a linear relation appears to exist between all slopes and a mean trailing-edge

angle (Figs. 22, 28). Increasing the boundary-layer thickness by means of wires has a negligible effect on properties of
large-chord controls when surface is concave, but a considerable effect when surface is convex (Fig. 21).

Control is extremely sensitive to thickness of trailing edge and to shape of surface just forward of trailing edge
(Fig. 24).

The effect of gap between nose of control and main aerofoil (0-28 per cent ¢) is measurable but small.
Speed effect (from 60 ft/sec to 75 ft/sec) was found to be negligible.

Published with the permission of the Director, National Physical Laboratory.
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Introduction.—The work described herein may be considered a continuation of that given in
Part I of R. & M. 2008 and follows the suggestions made in Section 20 of Part IV of the same
report®. It may be divided into two parts: the first part consists of experiments giving hinge
moment and lift data on an unmodified control forming part of a NACA 0015 aerofoil, while
for the second part.similar experiments were undertaken as part of a general research into the
effect on the properties of controls of curvature of control surface. o

In Part IV of R. & M. 2008 it is shown in Fig. 25 that for a two-dimensional aerofoil a curve
of b,/(b,)r against a,/(a,); (where suffix T denotes the theoretical value) may be drawn which will
be approximately independent of aerofoil thickness, Reynolds number, position of transition
point, etc. The data from which this curve was drawn were mostly obtained from Part I of
R. & M. 2008"' which gave the results of tests on two aerofoils of section NACA 0010 and
NACA 0020, both of 80-in. chord. An aerofoil of maximum thickness 15 per cent of the chord—
NACA 0015 of 18-in. chord fitted with a 40 per cent radius-nosed control—had been made for
experiments in the Compressed Air Tunnel and, as the model was available, it was used for the
tests described herein to obtain further data to endeavour to establish more definitely the
relation between b6,/(b,); and a,/(a,)r. Also, it is hoped later to ascertain from the experimental
data of this report whether a similar relation exists between 8,/(8,); and a,/(as)r. Unpublished -
results ot the work done in the Compressed Air Tunnel revealed the value of b, to be smaller
than expected (approximately zero). As the dimensions of the model—a. finite wing of 18-in.
chord and 4-ft span—were considered large for the size of the tunnel, it was suspected that the
small b, may be due to a large tunnel interference, at present not calculable. It was thus decided
to include additional tests on the finite wing, not only to check up on the C.A.T. results but also
to ascertain whether finite aspect-ratio results could be predicted from the two-dimensional
work by using Glauert’s aerofoil theory?.

During the course of the work, further tests were carried out to find the effect on the properties
of the control of reducing the gap between the control and the main wing.

The Model and Method of Experiment.—The model consisted of a symmetrical aerofoil of
section NACA 0015 fitted with a 40 per cent radius-nosed contol, the gap between control and
main aerofoil being 0-05in. The chord was 18 in. and the span of the working portion 4 ft. For
the two-dimensional work, dummy end-pieces fastened to the tunnel walls were provided. They
enabled the model to span the tunnel and their attitude, both for main aerofoil and control, was
identical with that of the working portion. A general view of the model in the tunnel is given
in Fig. 1. The control could freely rotate about two ball-bearing hinges and-its hinge moment
was measured, as is usual, on a roof balance.

The method of rigging up the model was similar to that given in R. & M. 2008%%. One end of
the aerofoil was rigidly connected by a spindle, which passed through the dummy end-piece,
to a piece of apparatus consisting of a cruciform spring which defined the axis about which the
aerofoil could roll and which, by being fastened to the wall of the tunnel, acted as a support
for one end of the aerofoil. The other end was supported by two wires one behind the other
from a roof balance on which were taken readings of rolling moment from which the lift was
estimated. The angle of incidence of the aerofoil was set by adjusting the length of one wire
relative to the other.

A new method of measuring the angle of incidence and control angle was introduced. This is
given in an Appendix to this report and, in effect, consisted of the exact recording of the angular
movements of the model on two beams supported from the model below the tunnel. The attitude
of the beams to the horizontal and consequently the angle of incidence and control angle to the
horizontal could be observed on inclinometers fixed to the beams. A mock-up of this measuring
apparatus (see Fig. 26a) was used for the work on the unmodified control and the apparatus as
described (see Fig. 26b) for the subsequent work.

To locate the transition point near the leading edge, thus ensuring that the flow over the
control is fully turbulent, experiments, in addition to those on the smooth aerofoil, were carried
out with wires of diameter 0-022 in. fixed approximately 4 per cent of the chord from the leading
edge. - : ,
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For the part of the report dealing with the effect on the properties of controls due to curvature
of their surfaces, two separate controls with trailing edge as thin as practicable (0-02 in.) were
made, one having the maximum bulge or depression at a position 50 per cent of the chord back
from the hinge and the other at 75 per cent back. The most highly convexed case was taken
first, and each control was progressively modified to give various degrees of convexity or
concavity. The various control sections, drawn to scale, are given in Fig. 2: except when
straight, the contours of the surfaces form, for the 50 per cent case, a series of circular arcs from
hinge line to trailing edge and, for the 75 per cent case, straight lines to a position 3c,/4 from the
hinge line and a series of circular arcs for the last quarter of the control chord.

Nomenclature—The maximum degree of convexity taken for these tests was when the
maximum bulge, indicated as 4 in Fig. 2, was 3 per cent of the control chord. For ease
presentation, this is represented throughout the report for the 50 per cent case as 50/3 and
similarly for the 75 per cent case as 75/3. The first figure thus gives the position of maximum
bulge or depression, and the second the degree of convexity or concavity, a negative sign
indicating a concave surface.

Scope of Ex‘;ﬁe?imems.—(i) Condition of model (for both lift and hinge moment) :

(a) Control section . original NACA 0015
Smooth wing .. . two-dimensional (4 = o)
finite wing (4 = 2-67)
With turbulence wires two-dimensional (4 = )

(0-022 in.  diameter finite wing (4 = 2-67)
at x/c = 0-04 from
leading edge).

(b) Control section .. various degrees of convexity and concavity (two-
' dimensional).
Smooth wing .. .. 50/3, 50/2, 50/1, 50/0, 50/—1, 50/—2, 75/3, 75/2, 75/1,
-75/—1 (see Fig. 2). :
With turbulence wires. . 50/3, 50/2, 50/1, 50/0, 50/—1, 50/—2, 75/3, 75/2, 75/1,

75/—1 (see Fig. 2).
(c) Control section (with, original NACA 0015 with rear 1} in. chamfered to reduce

and without turbu- thickness of trailing edge (two-dimensional) (see Fig. 24.)
lence wires).
(d) Control section .. 75/—1 (two-dimensional)
Smooth wing .. . gap between nose of control and main aerofoil (originally

0-05 in.) reduced to 0-01 in.

(i1) Awngies of incidence and control :—
Approximate range of «, from —2 deg to --6 deg.
Approximate range of control angle (), from —15 deg to +-15 deg (smooth wing)
from —5 deg to +5 deg (with wires).
(i11) Wind speed :
Mostly at 60 ft/sec R =0-57 x 10°

Some readings at 75 ft/sec R = 0-71 x 10%
Results—These are presented in the usual form of coefficient, thus :—

‘ aC ac
CL:L/Q‘S , ﬂ]_:d—of, azzd—UL
ac aC
CH:H/QS,]C", b]_ :70?}1, bg :%I;I
3
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where L is lift
H hinge moment
S area of aerofoil = 6sq ft
¢, chord of control= 0-6 ft
S, area of control — 2-4 sq ft
g 3oV

a, and b, (o = 0 deg, n = 0 deg) are estimated as the mean slope over a range of « of + 2 deg,
a; and b, (n = 0 deg, a = 0 deg) are estimated as the mean slope over a range of » usually of
+ 5 deg: a sudden change in the slope, however, was not included in the estimate.

The results of the experiments on the original unmodified control are given in Tables 1 to 5,
while those on the modified control are shown plotted in Figs. 3 to 20."

1. NACA 0015 Aderofoil with 40 per cent Control.—In addition to the values of Cp and C;
(given in Tables 1 to 4), the slopes a,, a,, b, and b, have also been tabulated in Table 5. 4, and 5,
have been estimated as the mean value over a range of # from 0 deg to +4 deg at « = 0 deg,
and a, and b, as the mean value over a range of « from —2 deg to 6 deg at == 0 deg. No tunnel
corrections were applied to the results, but those due to interference arising from constraint due
to the finite chord of the wing are given in the table. These corrections, which are taken from
report 5388, are small, the largest being to &, which is of the order of 41 per cent, those to the
other slopes being less than 2 per cent. According to Glauert’s aerofoil theory®, the values
of a,/a,, bija, and bia,/a, — b, should be independent of aspect ratio. These expressions have
been calculated and are also given in Table 5, the agreement in the values for infinite and finite
wing being reasonably good considering the latitude one can get on estimating the slopes.
a./(#)r and b,/(b;), have been evaluated and the latter has been plotted against the former for
the cases of smooth wing and with turbulence wires in Fig. 25 of R. & M. 2008*. The points
appear to be slightly above the originally drawn curve but the addition of wires near the leading
edge shows the same general trend of increasing the positive value of b, and of reducing the lift
slope. Some of the data given in Table 5 have been used and discussed by Mr. Bryant in his
summery® of recent researches on control characteristics.

2. Effect of Curvature of Control Surface.—~(a) Cy and C, against (« + n).—DBoth Cy and C, for
all cases of curvature with and without wires have been given in Figs. 3 to 20 in such a way that
the slopes a,, a,, b; and b, can be estimated at a glance for all conditions of the model. To do
this these coefficients have been plotted against (o« -+ ) which is tantamount to plotting them
as usual against # and at the same time moving the axis by an amount equal to the change in «.
The slope of the full-line curves gives a, or b, for different values of « and that of the broken
curves a, or b, for different values of 4. It should be here noted that values meaned from positive
and negative angle settings for « = 0 deg and 2 deg have been plotted, while for « =4 deg

and 6 deg the measured values have been adjusted by an increment equal to that applied to
the results for o == 2 deg.

- A general survey of the results from the figures shows that the Cy or C, against 5 curves are
straight over a range of # not greater than --10 deg for the concaved control, this range being
reduced as the control becomes convexed. Except for extreme cases of convexity, &, is
approximately constant over the range of incidence taken. Also the Cy or C, against o curves
are approximately straight and parallel over a limited range of %, which varies according to the
type of control surface and which is generally not much greater than 4-5 deg for the Cy curves.
A glance through the figures also shows that 4, and b, become more negative and 4, and @, become
more positive as the surface of the control is progressively concaved. This is shown more clearly
for b, and a, in Fig. 21, in which Cy and C for extreme cases of curvature (smooth wing only)
are plotted against # at o = 0 deg for the various degrees of convexity and concavity.
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(b) Effect of Turbulence Wires—Fig. 21 also reveals that for convexed surfaces both 4, and b,
become less negative or more positive in the presence of a turbulent boundary layer produced
by transition wires located near the leading edge of the aerofoil. As the control becomes less
convex, the effect of wires becomes progressively less until for the extréme degree of concavity
it is negligible. A similar figure (not given in the report) of C, against » shows that the reduction
of negative b, and &, due to wires is accompanied by a reduction in @, and a,, thus again confirming
that if the change in boundary-layer thickness resulting from an alteration in the position of the
transition point leads to a reduction in hinge moment, then this reduction arises mainly from the
change in circulation marked by a corresponding reduction in lift.

(€) ay, as, by and by, as a Function of the Trailing-Edge Angle—The results of the present
experiments, as regards the effect on properties of controls of curvature of control surface, have
been discussed fully in conjunction with other similar work by Bryant in Ref. 5. In Flg 9 of
that report, &; and b, have been plotted against percentage bulge or depression, where it is seen
that the bulge is more effective at 0-25 ¢, than at 0:5 ¢, from the trailing edge. In the present
report 4, and a,, in addition to b, and b&,, have been plotted against a parameter which would
include the change in trailing-edge angle not only due to the position along the chord of the
bulge or depression but also due to a change In maximum thickness of the aerofoil section.
It was expected that the properties of a control would be affected by the curvature of the control
surface for roughly the last quarter of the control chord as well as by the trailing-edge angle
defined as the angle between the tangents to the curved surfaces at the trailing edge. Previous
work suggests this; for, from data taken from Fig. 13 of Ref. 5, bevelled and curved surfaces
over this part of the control having the same trailing-edge angle can give different values of b,.
It was decided to use as parameter a mean trailing-edge angle (6, + 6,)/2, where 6, is the total
angle at the trailing edge and 6, the angle between the tangents to the surfaces at a position ¢,/4
back from the trailing edge (see Fig. 22, inset). In Fig. 22 (for smooth wing) and Fig. 23 (wires
on), ay, ,, b, and by—at o = 0 deg, n = 0 deg—are plotted against this angle. With the exception
of the extreme cases of convexity (50/3 and 75/3), the points appear to fall on fairly well defined
lines both for the smooth wing and for the wing with wires fitted. Thus, provided that the
trailing-edge thickness remains constant and only a reasonable amount of convexity is
contemplated, it appears that for a constant ¢,/c there is a relationship between the slopes
ay, @, by, b, and a mean trailing-edge angle.

3. Effect of Reducing Trarling Edge Thickuess by Chamjfering Control Surfaces.—During the
course of the experiments, it was noticed that control section 50/1 was roughly similar to that
of the original NACA 0015 section except for a thinner trailing edge. At the same time it was
discovered that the properties of the control differed considerably for the two cases especially
as regards b; and b,, both of which had less negative values for the 50/1 section. As a check on
this result, the trailing edge of the original 0015 control section was reduced from 0-06 in. to
approximately 0-03 in. by chamfering the surfaces from a position 1% in. back from the trailing
edge (see Fig. 24, inset). Further tests showed a numerical reduction in all the slopes by this
modification as illustrated by the curves of Fig. 24, in which Cj is plotted against (« + %), and
by the following table :—

: Smooth Wing With Turbulence Wires
~ Control Section '
@ Ay by by @ @y by b
NACA 0015 523 | 357 —0-24 —0-52 4-96 3-09 —0-15 —0-39
NACA 0015 chamfered 5-13 3-49 —0-15 —0-45 4-83 2-94 —0-07 —0-27
50/1 : 5-06 3-34 —0-09 | —0-42 4-72 2-82 —0-01 —0-23

This table also shows that all the results for the chamfered control actually come approximately
mid-way between those for the other two. Further, it is seen again that, in all cases, a change in
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a hinge-moment slope tallies with a corresponding change in a lift slope. Thus, this additional
experiment illustrates the sensitiveness of the properties of a control due to thickness at, and the
type of surface near, the trailing edge, and is qualitatively a confirmation of the results of
experiments made recently on a ‘Spitfire’ half-wing®.

4. Effect of Gap between Nose of Control and Main Aerofoil.—The gap for these experiments
was comparatively large, being approximately 0-05 in. or 0-28 per cent of the aerofoil chord,
and it was thought that it might have some measurable effect on the results. Therefore, it was
decided to reduce it to as small a value as practicable to estimate its effect. The section of the
control taken for this test was 75/—1, the gap reduced to 0-01 in. and the results, as curves of
Cyor C; against (« + n) for angles of incidence approximately —2 deg and +6 deg, are given
in Fig. 25. From the values of @, and b,, given in the table (Fig. 25, inset), the effect of gap,
though measurable, is small, reduction of gap increasing @, by about 21 per cent and reducing
negative b, by about 4 per cent. From this it appears that a nose gap not much greater than
0-1 per cent of the aerofoil chord may be permitted without a, and b, being much affected.

5. Speed Effect—A few observations, in addltlon to those at 60 ft/sec, were taken at 75 ft/sec
for the following cases :—

(a) Cy on two-dimensional aerofoil, control section 75/0, at o =2 deg, with and
without wires.

(b) C, on finite aerofoil (4 = 2-67), control section original NACA 0015, at o« = —1 deg
to 410 deg (approx.), with and without wires.

Very little speed effect could be detected.

6. Effect of Wires on Luift of Aerofoil with Concave Control Surfaces (Finite Aspect Ratio).—
This test was carried out over a range of o from 0 deg to 16 deg with a control of section 50/—2
fitted to the aerofoil, the aspect ratio of which was 2.67. The values of C, against « are given -
in Table 6. When they are plotted, the resulting straight lines show that the effect of turbulence
wires is to reduce slightly the slope of the lift curve, 4,.

7. Concluding Remarks.—As already mentioned, some of the data given in this report has
been used and discussed in Ref. 5. The results, in general, bear out those obtained previously.
They especially emphasise the sensitiveness of the properties of the control to the curvature of
the surfaces just forward of the trailing edge and to trailing-edge thickness. They also indicate
that, for a large-chord control, any increases in boundary-layer thickness have “practically no
effect on the properties of the control when the surface is concave but a considerable effect for
the convex surface. They also confirm the suggestion that a change in hinge moment is bound
up with a change in lift ar1smg mainly from the change in circulation. In Part IV of R. & M. 2008*
the relationship between &,/(;); and a,/(a,); has been fairly well established for different aerofoil
sections under various condltions, and it is hoped later to establish a similar relationship from
data from this report for different degrees of convexity and concavity of control surface. Also an
investigation, will, it is hoped, be made to find whether a similar relationship exists between

(ba/by)r and ayf(a,) .

Similar experiments have already been carried out with a 20 per cent tabbed control fitted
to the same aerotoil (NACA 0015 section) and the report is in preparation. It should be remarked
that all work to date on a two-dimensional model has been carried out on an aerofoil which has
its maximum ordinate at 0-3¢ from the leading edge. It is proposed in a future programme to
test, similarly, a low-drag aerofoil (#/c = 15 per cent, maximum ordinate at 0-42 from leading
edge) with controls of various chords, with and without tabs, in a less turbulent wind-tunnel.

Finally, the authors wish to acknowledge the help given by Messrs. T. W. Brown, W. C. Skelton
and Mrs. Hopwood in taking the tunnel observations and in reducing them.
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APPENDIX
A Method of Measuring Angles of Incidence and Control Settings

Difficulty has recently been experienced with experiments, in which hinge moment is measured,
in determining the angle of incidence and more especially the control angle, to sufficient accuracy.
In the research programme suggested in Ref. 7 and inaugurated in R. & M. 2008, it was found
essential that angles should be obtained to as fine an accuracy as possible or at least to an
accuracy as good as that of the force and moment measurements. In the work described in
Part I of R. & M. 2008' it was found that angle of incidence, the only angle to be measured,
could be obtained to an accuracy within +4-2 minutes by using an inclinometer fixed to a straight
edge which could rest firmly in a unique position on the aerofoil. In view of this, it was also
decided to use an inclinometer for obtaining the control setting, but in this case the measurement
would have to be made outside the tunnel, below it in fact, while at the same time mcorporatmg
a similar method of obtaining angle of incidence.

Photographs of the apparatus are given in Fig. 26 (Fig. 26a being the original ‘ mock-up’
and Fig. 26b the apparatus about to be described) and the method of using it is shown by a dia-
grammatic sketch in Fig. 27, in which it is seen that the apparatus consists, in effect, of two arms
suspended by wires from the model in such a manner that angular movements of the aerofoil
and control are exactly simulated by them and are recorded by readings from two inclinometers,
one on each arm. This method of angular measurement has thus an added advantage of
recording the angles with the wind on and so obviating the necessity of correcting for deflections
due to wind forces or tunnel distortion.

The arms of the apparatus were grooved along their length to enable stirrups, A and B, to
slide along them and to be clamped in any position. A pin through a stirrup at O acted as a
fulecrum for the arms. As also with the pin at A, it rested on a cylindrical bearing but, in order
to reduce friction at the joints to an almost negligible quantity, it was found necessary to shape
it as a knife edge. The other pin (at B), in the stirrup operating the arm used for obtaining the
angle of the control, could be withdrawn when the angle was not being measured. It was found
necessary to balance statically the arm, OB, about the fulcrum, O, to avoid any alteration in the
control angle when it was in operation. This was done by incorporating a counterbalance weight,
C, having an adjustable leverage from O together with a small sliding weight, R, as a fine
adjustment. The apparatus was suspended by three wires (0-010-in. diameter) from three pins,
A4, By and Oy, let into plates securely fastened to the model. A; and B, are near the leading edge
of the aerofoil and the trailing edge of the control respectively; O, is at the hinge line of the
control but fixed to the main forward portion. The lengths of these wires could be adjusted by
means of turnbuckles, T, while the one from the control, BB,, could be used, in addition, for
carrying a weight, W, to keep taut the wire between the control and the hinge-moment balance.
To avoid as far as possible any stickiness of the balance due to the hinges of the measuring gear,
it was deemed advisable to withdraw the pin at B before any balance readings were taken.
The suspension wires were kept taut by the weights, P. In practice, before the apparatus was
rigged up, pins, A, O and B, were lined up to lie in a horizontal plane and the inclinometers, D,
were each carefully set to read zero. The arms were then suspended from the aerofoil, which
with the control had been set horizontal in the tunnel and, after making the lengths, AO and OB,
on the arms respectively equal to A;0; and O,B, on the model, the length of the wires was adjusted
by means of turnbuckles, T, to give zero readings on the inclinometers. The arms of the
apparatus were then respectively parallel to the main aerofoil and control and any angular
movement of the model would be recorded exactly on them.

This apparatus for the measurement of angles was found, in practice, to be quite easy to
operate and, judging from repeat readings Wh1ch have been taken from time to time, all
observations should be accurate to within -2 minutes.
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Summary of Results for NACA 0015 18-in. Chord. V = 60 ft[sec. 40 per cent Plain Flap (Gap = 5% in.)

20
TABLE 1
Smooth Wing. Aspect Ratio = 2-667

o = — 2 deg 25 min o = — 0 deg 24 min « = 1 deg 42 min o = 3 deg 39 min o« = 5 deg 37 min

1 CH Cs n Cy Cy N Cy Cy n Cx Cy n Cy Cy

o I3 o ! o I o ’ Q !

—18 28 | 0-2040 |—0-6630 |—23 8| 0-2444 |—0-6651 |—18 34 | 0-1990 |—0-6091 |—18 20 | 0-1989 |—0-4829 |—18 10 | 0-1877 {—0-3331
—13 31| 0-1364 |—0-5812 |—18 27 | 0-1955 |—0-6022 |—13 45 | 0-1098 |—0-4733 |—13 39| 0-0982 |—0-3583 |{—13 30 | 0-0887 |—0-2328
— 833 | 0-0856 |—0-4621 |—13 43 | 0-1184 |—0-5465 |— 8 46| 0-0641 |—0-2710 |— 8 44 | 0-0578 |—0-1627 |— 8 26 | 0-0477 |—0-0281
346 | 0-0323 |—0-2827 |— 8 40 | 0-0661 |—0-3772 |— 3 58| 0-0252 |—0-0693 |— 4 1| 0-0194 |4+0-0387 |— 3 48 |+0-0112 |+-0-1663

356 | 0-0334 {—0-2897 [— 3 54| 0-0280 |—0-1819 |— 3 54 | 0-0244 |—0-0734 |— 2 9 [+-0-0036 | 0-1146 |— 1 59 |—0-0022 | 0-2403
158 | 0-0188 |—0-2136'|— 2 4} 0-0165 |—0-1081 |— 2 16 |4+0-0103 |+0-0032 |— 0 11 |—0-0117 | 0-1969 |+ 0 0 |—0-0171 | 0-3274
210 | 0-0207 |—0-2177 |— O 7 |-+0-0008 |—0-0275 |— 0O 15 |—0-0047 | 0-0854 |+ O 53 |—0-0195 | 0-2441 1 41|—0-0245| 0-3648
0 3 |+0:0054 |—0-1342 |+ 1 0 |—0-0078 |+0-0169 |+ 0 46 |—0-0130 | 0-1261 151 |—0-0270 | 0-2804 2 4]—0-0330 | 0-4038
1 0 j—0-0023 |—0-0917 1 57 |—0-0158 | 0-0587 152 |—0-0208 | 0-1665 3 50 |—0-0401 | 0-3586 4 1|—-0-0476 | 0-4817
2 8|—0-0111 | —0-0437 3 54 [—0-0311 | 0-1486 3 46 |[—0-0344 | 0-2529 5 59 |—0-0527 | 0-4422 6 12 |—0-06815 | 0-5626
1 50 {—0-0079 |—0-0511 6 21—0-0474 | 0-2284 554 |—0-0495 | 0-3358 | 10 55 |—0-0944 | 0-5964 | 11 12 |—0-1149 | 0-6924
3 54 |—0-04265 |+0-0301 10 58 [—0-0879 | 0-4355 | 10 49 |—0-0837 | 0-5179 | 15 29 |—0-1739 | 0-6974 |- 15 48 |—0-1907 | 0-7930
6 0|—0-0433 | 0-1182 | 15 32 [—0-1354 | 0-6130 | 15 26 |—0-1604 | 0-6210 -

11 0 |—0-0833 | 0-3282 | 20 36 |—0-2202 | 0-6356

15 38 |—0-1274 | 0-5060 | 25 12 {—0-2653 | 0-6829




01

Smooth Wing.

TABLE 2

Aspect Ratio =

« = — 2 deg 8 min « == 0 deg 0 min o = 2 deg 0 min « = 4 deg 1 min « = 6 deg 5 min
n Ca Cr N Cx Cy " Cx C Ui Ca Ce N Cx Cs
— 457 0-0512 {—-0-5006 |—19 58 | 0-2247 |—0-7877 |— 4 48| 0-0386 |—0-1324 |— 4 51 | 0-0285 | 0-0459 {— 5 13| 0-0202 | 0-2214
— 3 6] 0-0360 |—0-3892 |—14 59 | 0-1837 |—0-6659 |— 3 10 | 0-0217 |—0-0370 |— 3 16 [+0-0123 | 0-1503 |— 3 17 |+0-0021 | 0-3467
— 1 6 00192 |—0-2665 |-— 9 46 | 0-0835 |—0-5735 |— 1 6 |+0-0019 |+-0-0931 |— 1 15 {—0-0062 | 0-2715 [— 1 21 |—0-0160 | 0-4582
+ 0 3| 0-0090 {—0-2029 (— 5 0| 0-0463 {—0-3308 (- 0 6 [—0-0086 { 0-1634 |— 0 16 |—0-0160 | 0-3368 (— 0 15 |—0-0253 | 0-5259
0 59 |40-0004 |—0-1427 |— 3 11 | 0-0201 [—0-2122 1 4|—0-0181 ¢ 0-2322 |4+ 0 51 |—0-0254 | 0-4045 |4 0 52 |—0-0347 | 0-5892
2 53 |—0-0174 |—0-0259 |— 1 14 |4-0-0110 |—0-0905-| 3 0 [—0-0353 | 0-3556 2 46 |—0-0422 | 0-5223 2 45 |—0-0494 | 06932
5 6)—0:0390 |4-0-1148 |4 0 6 |—0-0004 |—0-0139 | . 5 4 |—0-0535 | 0-4684 4 55 1—0-0593 | 0-6402 4 49 |—0-0641 | 0-7914
0 50 |—0-0071 |4-0-0331
2 50 |—0-0256 | 0-1580
4 57 |—0-0451 | 0-2918
9 55 |—0-0858 | 0-5734
14 42 |—0-1770 | 0-7088
TABLE 4 |
0:022-1n. Wares 0-7 in. from Leading Edge. Aspect Ratio =
a« = — 2 deg 5 min o = — 0 deg 2 min o = 2 deg 5 min a = 4 deg 0 min « = 6 deg 4 min
n Cr Cy n Cr Cr n Cx Cs i Ca Ce ) Cx C
— 510} 0-0397 |—0-4508 |—19 48 | 0-2092 |—-0-7501 |— 4 37 | 0-024C |—0-0860 |— 4 47 | 0-0202 | 0-0690 |— 5 10 | 0-0179 | 0-2280"
— 321 | 0-0277 |—0-3698 |—15 14 | 0-1640 {—0-6117 |— 3 35 | 0-0174 |—0-0056 |— 3 O {-0-0076 | 0-1714 |— 3 23 [4+0-0053 | 0-3242
— 1 71 0-0133 |-0-2603 |—10 26 | 0-0926 |—0-4627 |— 1 50 |+0-0052 |4+0-0687 |— 1 3 |—0-0050 | 0-2719 {— 1 33 |—0-0081 | 0-4279
— 0 12 {4-0-0062 |—0-2035 |— 5 36 | 0-0372 |—0-3190 |4 0 12 |—0-0078 | 0-1747 \+- 0 5 |—0-0136 | 0-3351 |— 0 19 |—0-0167 | 0-4881
+ 0 52 {—0-0009 |—0-1479 |— 3 59 | 0-0259 {—0-2285 121 |—0-0157 | 0-2390 0 53 |—0-0187 | 0-3787 {— 0 44 |—0-0242 | 0-5438
2 45 |—0-0138 (—0-0455 (— 1 49 | 0-0106 {—0-1098 3 7(—0-0270 | 0-3277 2 52 {—0-0323 | 0-4782 {+ 2 40 |—0-0380 | 0-6392
4 54 |—0-0284 |4+0-0736 |— 0 21 {4-0-0020 |—0-0326 512 1—0-0417 | 0-4391 4 58 |—0-0473 | 0-5763 4 44 |—-0-0532 | 0-7295
+ 1 10 |—0-0087 |40-0499
312 |—0-0224 | 0-1555
5 10 |—0-0361 | 0-2672
10 19 |—0-0814 | 0-4650
14 59 |—0-1593 | 0-6118




TABLE 3
0-022-2n. Wires 0+7 in. from Leading Edge. Aspect Ratio = 2-667

I

e = — 2 deg 26 min w = — 0 deg 38 min o = 1 deg 39 min o = 3 deg 40 min o = 5 deg 34 min
7 Cx Cs 7 Cu Cz N Ca Cs i Ca Cz n Ca Cs
— 352 | 0-0261 |—0-2680 |—18 29 | 0-1832 |—0-5186 |— 3 54 | 0-0181 | —0-0441 |— 4 7| 0-0154 | 0-0537 |— 3 46 40-0082 | 0-1730
— 2 3| 0-0148 |—0-2030 |—13 32 | 0-1184 |—0-4160 |— 2 3 |4+0-0063 |+0-0229 |— 2 19 |40-0044 | 0-1204 |— 2 O [—0-0018 | 0-2372
— 0 4 |+0:0042 |—0-1839 |— 8 30 | 0-0473 |—0-3038 |— O 5 |—0-0051 | 0-0922 |— 0 20 |—0-0074 | 0-1941 |+~ O 2 [—0-0143 | 0-3110
+ 1 1]—0-0020 |—0-0987 {— 3 50 | 0-0219 |—0-1560 {4+ 1 O |—0-0114 | 0-1367 |+ 0 46 |—0-0132 | 0-2338 1 5|—0-0206 | 0-3524
2 5|—0-0091 |—0-0538 |— 2 3 |40-0098 |—0-0896 2 6|—0-0172 | 0-1744 149 1—0-0181 | 0-2707 2 8]—0-0267 | 0-3860
4 1|—0-0209 |+0-0180 [— 0 2 |—0-0012 |—0-0155 3 57 |—0-0277 | 0-2387 3 40 |—0-0295 | 0-3386 4 7 [—0-0370 | 0-4527
6 4|—0-0823} 0-0921 |+ 1 2 |—0-0083 [+0-0231 6 6{—0-0401 | 0-3125 546 |—0-0425 | 0-4096 6 12 [—0-0518 | 0-5174
2 9 |—0-0150 ;| 0-0634
4 2|—0-0267 { 0-1304
6 5|—0-0364 | 0-2072
11 1 |—0-0689 | 0-3457
15 33 |—0-1432 | 0-4545

Repeat Run to obtain by, more accurately

n = 0 deg

o Cll CL
— 247 | 0-0062 |—0-1592
— 1 47 [40-0039 {—0-1041
+ 0 20 |—0-0008 |4-0-0087

2 8 {—0-0043 0-1029

4 01[—0-0081 | 0-2027

6 39 {—0-0131 0-3465




TABLE 5
Tunnel Results (Uncorrected)

Tests on NACA 0015, 18-in. Chord, in 7 ft Tunnel, 40 per cent Plain Flap (Gap = 1/20 in.)

V = 60 ft/sec
a, ay b, b,
A = o 517 | 3-50 —0-227 —0-504
Smooth wing A =267 | 322 | 234 —0-150 —0-428
A= 4-91 3-04 —0-158 —0-894
With wires at x/c = 0-04 A =267 | 304 | 2-06 —0-116 —0-334

a, and b, (e = 0 deg; mean of y = --4 deg) .
a, and b, (y = 0 deg; mean of « = —2 deg. to -6 deg)

4 b ) bty — bty independent of aspect ratio (Glauert, R. & M. 1095).
1 . .

a,

Aspect Ratio L by b, L 3,
a a; a, :
°o) 0-677 —0-0439 0-350
Smooth wing 2-67 0-727 —0-0466 0-319
o 0-619 —0-0322 0-206
With wires at xfc = 0-04 2-67 0-678 - —0-0382 0-255

N.B.—(a) No tunnel corrections for the case of finite aspect ratio (4 = 2-67) have been applied.

(b) No tunnel corrections have been applied for the case of infinite aspect ratio (end fillets in
position) for interference arising from constraint due to finite chord of wing. These corrections
are small and are given below from Ref. 4.

al janmaing »
@, = 1019,

The subscript (,) refers to oo stream.

ay by . by .
(ﬂz)o - 1 017, (bl)o '_ 1 044‘, (bz)n - 1 018.




TABLE 6
Concave Aileron, 50]—2. Finite Aspect Ratio (Aspect Ratio = 2-67)
V =60 ftfsec, n = 0 deg
Lift Coefficient

Smooth Wing Wires On
o Cy o C,
0 0 0 0
4 0 0-251 159 (-130
5 59 0-377 2 54 0-179
8§ 5 0-509 3 54 0-248
12 7 0-757 6 0 0-367
16 6 0-984 7 54 0-491
10 1 0-623
14 4 0-852
16 6 0-975
13

(96757)



Fic. 1. General View of Model in Tunnel

Max., bulge (@) ak 05 cn aft of hinge
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= 0-03c, (50/3)
50/2

05Cy - B0/-1

Max. bulje at 075 cp aft of hinge
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/

) 78/0
75]-1
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Fia, 2. NACA 0015 Aerofoil,  Various Sections of Control (0-4 ¢).

14



% e -iz -8 -a{a+7)%e 4 5 I 15 20
o
g0\
.
N 50
\\\\ Control /5
A
\\"\Qs
¥ o
-C, ‘\\\ e =07
\)\\\‘\.-\\'—bi‘m\— -5° Smootia \M’ng
= % .
) \\\ \i:_e;:\{"\\" L’=oo
B P ST R
SN ‘
Y N -6 -2 8 -4 o (d-+ 77)"4 8 2 e 20
=S ‘Q‘\M"
\\\::::\\ ‘ o ] !
-8 -8 (et + )0 4 5 12 < \\ \\;k\ : -2° =0° n Conbrol 50/,
| ] \ ~ 4 s ”
l Wit wires +5° _ 7)|: °° . \ \ Ne o N , ‘ I—l
002 === = ek’ — S -
e =T Z > \ +2°) ’ T Smootin Wing

~ ;\6 N -1
-6 -i2 -8 (e n)’o 4 8 2 ! _\\:‘g% SN \\\‘
a \\\\ \Y +l,_g_ . \\\ . ‘\\c:‘\ ~j00.
NN - | ZHEA NN
"NONNINS e : Control 2% IRNKNY
B ; SONSNSL -5 }
NN L , SNNN
O Rgor| | [ motn ving NS
. NSRS
% A RN RN
SNl R
RSN NN
o BN ‘\%. 7%0° \ ,—N\ _
\\ \‘\i\ - \ \:\\}
i SN | | \\\:
-3 : -T (OLT?)OD 4 3 \\::\:\\\éi\i\\ ) _?£34'= ;4| I O(OL‘T’]) 1 T Ei i g — \ \\ <t10°
o i . —g “ N“-’\E\_‘Z‘:";v & With wiree -
oaz¢\wuh = )\ﬂ‘x,\é \‘\\\\\ S:QQQ"\_:D \\ \\\\
N A e NN o ' -0 oo ¥ \
? T S SN N AR\ IR YA
00z - i ';5::0):}2\;1\"\—\1 \ \\\\\ o B \‘\7\\“ ) "\.I%mlé\f
N EERNNN }g St
l l ; 4=%2>‘ I - I

Fi1G.- 8. FiG. 4.




-1t - - g olB+1 )Py

—=18°

- Conbral 50/'1
-8 -4 o@tn s £ 12 16 z0 o \ \

/ |1 /i/,——-‘@o

Semeath Wing

Control 60/0 ;__7_:7,/‘7

e

L o
(e

-0}
N

Smootin_Wing

A 1
/

// A :/%
/ rd

91

ANNSE \
Sy o N\
AN\ N\
AN NN
\\\\\\ | oo \\\\Q\ nae®
BN o NN
‘&\ \\\\\_\\\ RPN E““'\@D N
\\ \1\‘\\ \\ <% ~

7
Z,
7

]

N
7,
/]
L
.
L
G
,/'/{/
7/
&
=

ol@r7)’ & 3 Iz \\x

. N[ o N o
ok sty .\§;§\\ | N W\

”f
//

)7 71
1/
7]

A
%
%
L1
/’;

\ o | AN

NN RRANN | \
ot S\ Aen N

RN




ﬁs\ :i\, j /k{‘/so -4 (a4 2 [ P [o w/
- l ‘ - : Lo, ! Conerol /3
\ \ \V\ y . . \\g\ .l Somaoah Wirg
\\‘\\ \\ \\ Control 50/.2 | \\\Q§i\ 0
C Py = -m;' Teae o=

i IASSRE===SN

\\ \ Smooth Wing - \2_\\_%_&,_’/7 B - X

\\\R\‘\ d il o(arm)a 8 RN

RN [
\\\ \& 0-04 3110”\

\ o 4° \J-H’)

L o- %
\\\ \-laf’ Wikh wires %:"éﬂ?ﬂ‘w 29 4 P o
N A P /f o
i

3
A\

WA

P
3
% .
VS
L]

Ll

p’
re =
i ,{7/4/
7
—
2

y
7
[
1)
]
]
L=}
®
1-#
=,
b
[

h Control 7
LY —

o(@rn)® 4 \:\\\%:\
| N

| - TN
J With wires \\&\:\‘\\ L 9207 ‘ \B\_
AR \ \\\ | Cra <

SNV A
/
7

AN

N
N
i:\:\\}&yo" Srmootiy Wi

N

N N y
NN AN | BN

SN
\&\:\ \%&1 \\( +46° X\\Q\ N

N o
\ ‘\\ y\ 0o 4 o(a+9)° 4 8 _/’§ :
N R AN RENN
2\ NS NENPE=— =G
z\ﬂ \ \‘\\\ﬁ% - “Hz=0 &‘zﬁ;’ S i}
\\ \ \// z 64»1‘ With wires
§ S = |

l 004 ’




=& 0 *\2 % - 0&“*"",’)‘74 X

02 \\’ \\\ . G_G&?rg‘js,("
A\

\ |
Rt - Sengabh vine

lh?_._

=0

s

7 2
v

Smookh Wing
-i5% \ &\%&\

D%

8T -

. ////\L//

on "
-0 \é @ Q(@L#s;) a ]

WSS

A

) r0-05

Yor
,//
s
o
7
%77
v 3

1/ ]
4

/

7

S N N
NS <f N
NS N

SN S S NN

S
:
v
//
P
%
%
-

S RN N \
SN NN \\\\
\Se ,\\ij I - ¢=} \\ s B %}(;sa
o) 2>§%ﬁ \\z\vk‘{_ X, -
| & 3 :



-8 -4 ofee+7)%4
& 1z 6 20 -6 -12 -8 -4 o(@+7)°a 8 iz

+10° L Lo
% 5° /7/4'2/5 .
. e A oos Corierel 5/, y
Conerol %5 '7r_-,a’/4’f’//j/t7’2| ] //
s Tl =0® ] 7 1.
///4’//7 /’/ e Smookin_Wing P é/ ;/\
Sracobh Win 77 ;/ & o r — 7 24 /ﬁ/
3 f g/
i
7

A 77
Vits7al Lo ! ,/%

L
-10°, 7 F
4414 ¥ oy
: Wi

AN
N

61

/ -
/%%/ e /?VI
-15° PN ﬁ)/ 7 v A ,,/,
%7 BNy 4
- f/ -8 - - o
‘// /fj} / -8 -4 o(;z.”,)og ; }/ //;’/ 4 olz+n) 4
: ,,//2,// e = 7 # 06
/ . /7#{10 _|ros :////
oe =0g/ , AM
Vi / e //1 Id 06
f// / f/-o.g c With wires |
o4 /‘7’/220 L /7/,
Wit wires 52 1A 04 P
(= — ~ / pald ‘57/ g
o /)///(/ @=0° 0////
2 7 7 02 +6°7 // /
. T
//// - ,/ -2¢ é‘ /4)//’
o AL el
/, / o ,{ p
xi/ // ¢-z"/'///f"/
-6z 2 4] 7
o ~0'2 &/{f
p 2 - féw"//{/
s
oo L
.

Frc. 11. Fie. 12



l 5 =6 - -I2 -8 -4 o (d&n)a,«;
o 45° Py
2 [ [T ]
Convrol 59/, Z"//f Zd k’" oo Gorkwol 50/ . 75/
e 7 0
Smooth Wing 7= qo/'//: y/// | o6
. 7/ » /)
V7 | emethui V4

N
NS
N

L]
i3

7 | L

\\ﬁ&

_ /Z/// c //%%}é/.

84 ng T

N
NN
‘\:
N
NN
N

0%

Ky
W
<

™.
NN

) ]
//:%f/ -8 - O("“"])D 4 8 1z |0z 19

#
y s 9
97//7 {{/ o0 £, ,/ W ’ o9 _
Z |11 7 NEy 74 »
Wikh wires /// B /// ni | )
06 ,,.—,0” / v \"7/ With wives /
/ 7/ ./ //-:-a; 4
V& - "
/ 7
_As°/,,‘¢// 5
02 .960;‘,; /// / o2
c. :/"}///f //’I
. AN . V7
e P
¢2"/ 4/ A"/
“02 £ //// -0 +.=_,°/ Wi
at:a:'//;/ mo‘;:f% /;
e T7 ) ) ;/ -4 //
I 7




12

Smookh wirg A4 A

o /%’iéf oo - ‘ @

VA4 V.7

o A o W
7

5o, -6 12 -8 -4 Q (OL*"'J)D & 3 12 15 . _ & ]/7/
o ’ 210 P
A2 8 hiad ot 4 5 2 *Vﬁ 10 I ,V i’j/n
I I Cortrol SQLZ 7 7 4y
| /V - »8° s /
— Conbtrol sof. +50 7y - 7
! N~ A1 7 //Z‘
e o S
N . /
|_o.6 ! / P 0% - ///
/7. V /4

L ¢, -

7/
| N4/

=02

\\\\;i\'\:
\

o8 With wirea n

NG

= b\\
VN

. .
o ’
150 ///;/7 /;/ +do 57 /7/ B ~ & oletsm) & s -6
15 Ve o8 ’/ o8 [
2 ;{'?/ o £ / //
|06 :ﬁF// //;/ :.uo" %/ 7 —7
wesgot /| 7 < f’/ o6 W)//

’ —% v
/ ’ | wigk Wires // /,4,
7
o4

av,/- /f/// - - e a"///

o4

N
\

N
N G
~ N
=

o
R d
NN

AN
or®
\»Q
NN
3

o2 ﬁﬁ// / -02

e 0
/ ’ 04

~
AN
AN




o ™ = \
T T
- O ™~
© W / ///f 1 @ /r N sl
/1_// // \ M!IV/”//
¢ ™
& oﬁ/// //ﬂ// N //M?/ :
AN T AN
d N
® /..////7/ K 8 No,///ﬁ/ =~
BRN S
< r//r//// < m ) //
o A Y Fd .
mnu o //7/ 3 N
8 B A // m ™
o Av " 'y
. ///VM// 8 8 N ° S
N )
N w/ W n!_./v/or,,.m/r/,:///
AN
@ Fm .m Wﬁ //V. X
/mm”?
» R
T Y o
AR
RS R R EERAREE ) B
T /Vv .
n"uu.f
= //,/_ = W/
TR T
w W/' / /\ ’I- © I
NI NN
// / m,.lli/ -
NEEEEEAAR N ) AANNA
= AN ol ™~
N i SOPNNT
Q ///#7‘/ (7\ 95//// // -
° /V/ ? N )/// Y
5™ AN .w T N /
h ’ Y
\J = // /Wlfy# ¥ w x //
3 AN WL
IM\ l/fl ,/7W by ™~ ,M > /4
/Nu// u// s 5 NI > a N
s 5 NNNNIE ,
5 = RN
— //
o5 ; Jwﬁ%//
18 h BNNNE
™ - ﬂwr/ /W
T oWuamMA.
Lol e[ ses 513 [ &[S

22

Fic. 18.

Fic. 17.



(452906)

8%

o lot+m) &

€

- - g 2 e
* Cartral 75 :,'°° "”:‘s
| ortrel 75, e 7, jEax
oe / v u/ LT
Brmookh Wing /, ,/ / _/' /ot.m°-—
c 7
a7
o4 5 ’//V /4
v
; R,/
. SN/
//,’ //7 ’
8/
- 6“[ 7 ) . & (oa:-v;) s D)
////y o8 *
NERY ’
o’ o ith Wirg) Z
gl A T el
o4 A //,‘4,//
_/ . ///
o2 e',:// ,{7//
< 4'7//,/ //,
° /// Az
+a°,///’//' o
Lo.g LA
ouo‘z/;/
o4 ///
'E'°/
Fic. 19.

-6 1z -8 -4 o(a+7)’4 5 12 16
1o
o Jﬁ K%
Comerol /-i fé / /
> 7 ¢ 7
08 _ ,/»(4 //
Smostn Wing A
7
iz
/,“,// /
o4 -5?/;///
w7/,
o V74
v/
o -,?‘7/ '/ //
7
-0'2 // /;'{///
//A;//
—04 416 //j/ - -4 o(+7)a g Iz
A, . 2
" // 08 /¢
—o'ﬁl ; , 7300 7
.‘¢=0_d’ }W o6 //1/
L7 With wircs Z
< yd
Peik 7
)74
71
oz 6°7 /,//
c, 4%/ /
. 4,¢/// /-
7,4
/#, A
NREY
3
d-:Of
/
Fic. 20.




¥5

r6 T T T T T 6

40, control 9 9 é o P g § ;?,
Smooth win ' & a b W e a
= iy ,// L
r ™~
4— 60_2 oo 4 S g \ // //'
50 T i \
/o a S o~ g
z d 5 18
3 5 ‘% 8>
)
b p—
B A z & - \
7 ) \\\\
L} i Q
-
el"az’ +9? ’ —
(4 1( . ) . (e '2. ) . 3 Q a 2 Q
o 0 %0 30 40 0 7 20 30 20 v ¥ ¥

\Ol -0 o%.0

\91-0

[F 75/ 5‘

\

Ol

)

"9[8uy Jo13u0)) Jsurede 77 pue £7) U0 IVBLING [OIIOT) JO SINFEAINT) JO JOOTTH

RS \\
7, ) /
/z & g \ /7 /
" 0 P2 > RNNIZZA
‘ / e K NN~ kS 8~
#0h < %, [ e N —-$
: zﬁz T~ .Q AN
-02 ] ‘ L N
) 5% I 7
b Jw b 5%,75/ N Prs a‘/ ‘_\. \\
b, : B Ny LY NN
o 7, -0-4 / ~2 / / }/
il Vaig e e &
{59, 175, B 60/—275 et _.-:t: E 3 /T U\S{ )
=06 -0-6 5 N3t B = v
! 50/, * Q{ 3 Q Q Q
] | 2 5 : & b r n |
2 ]
50 75/-1 =
2o 08 2 }
, 3
—t-a{‘ o §
0 o 20, A0, -—'I'a 0g 6.0 . 50 40 & ;
ean T.€. Angle ( 1 z). aQ §

Fi1c. 22. Plotting of a;, ds, by, b, (2 = 0 deg, n = 0 deg) against-a
~ Mean Trailing-Edge Angle.

Buim ygoowsg



96)

=1
ot

=1
<

*2

14

6 S — [ N 7
l_!f'z control |- 50; 7;;_,
Witk wires . -
-5 5 50/0175/0 75A 7
5% *xso25
50,
W N A /z 4\7’5 k4
\6/’ \\
a ‘%ﬁ" 9
Zz 50/ , 75,
£ / / 3
50/ I x 15/2
AN/
L2
75/5\\
!
o 1o 9 ‘9) [0
| T
L o 4| + 75/5 —
[}
0-2 /
/.(45/2
50
Lo e s
50
b, /7 I /2 :
-0z 1*"75 I -0-2 50/0 7 o
50
7i A} //
/ x 50/
_o.T — 50/0 5 75/0 —0-4 %75//1
-1
A
I /'50/-'2
e 6| X 5%/ e
1 7%/
[
-0-8 —/}sa - -0-8
o- = 10 e g
20 5DMae:h +Z Angle 0(9' "92) e 20 so 40
Frc. 23. DPlotting of ay, a., b, 0, (« = 0 deg, n = 0 deg) against a
g 1 (e, O, Og g, 1 g) ag

Mean Trailing-Edge Angle. |

-
-4 o (z+7) 4 8
005 | L L DL
\\ With wires : }Or'l'ginal 0015
N “Q= - Qe
WENE & — @ | SUrFaces chemFareo -

\
~ LY
")
\
3 R o
. N ® ~ =0
Smooth_wing \ \\\qﬁ\’\\ s y Yi
\ \ \\X\ ~
- \\.\\ ‘g\\‘ "~
N3] \\ N At s
s NSO ‘\%\\\ TN,
-0 ™ ~
L -0-05 x=07 I AN
i 2
Smooth anq Wity wires
Origingl | Chamfered original | ChemFored 4'0\
b, ~0°24 =055 =015 =007
b, | 08z, | -048 - 089 -0-27
-0 10

Fic. 24. Effect on Hinge Moment of Chamfering the Surface near the

Trailing Edge of NACA 0015 Section




9%

-1 -12 -8 -4 s 2 1% 20
A e A
= P 75
\‘\\ Conbrol sectior /; xa d
o2y 1 v - 10~

] . a=6°
k ~——  Original gap (0-05") o B o
\:\ - Bap rechicwd Bo 001"
h, \
N\
\ Nk
<
\x \
- 07 P 0% ~
N ‘%
5 %,
\\ >‘
A C,
c Cy<t™\] (.
" By
>/
N
ey 7 0~
/ AN\
\‘Q\ N\
/1 / AN
7 <
4 Vi N \ 5
Y ) NAN
-0 \\\ g\ -0 % -
A\
A}
/7 a=-19° \ L \N
7 A
, A\
7r L7 \

e // )\

‘,n/T . & x X
-0z a ~19° | g0° | -19°| e0" [T aeee TN/

i 05| -o- -0 . ’ N
Origiral gap (008 )| -076 | -076 | 407 | 407 "
001 gap 072, | ~088 | 416 | 418 \ N

Fic, 25,

Effect of Reducing Gap between Nose of Control and Main Aercfoil.

Fic. 26a. Original ™ Mock-up 7 of Apparatus.

P,

26b.  Apparatus as described in Text.

Angle-Measuring Apparatus.



To Hirge Moment
Te Life / Baiarnce
Balprce

e

Turrnel Floor

L7 LN T L L L L AN L LA Ll L Ll

Fic. 27.

27

(96757) Wt. 14/655 K.5 10/52 Hw. . PRINTED IN GREAT BRITAIN




R. & M. No. 2698 -
(6668)
A.R.C. Technical Report

Publications of the
Aeronautical Research Council

ANNUAL TECHNICAL REPORTS OF THE AERONAUTICAL RESEARCH COUNCIL
(BOUND VOLUMES)—
1934—~35 Vol. 1. Aerodynamics. Ous of prins.
Vol. IL. Seaplanes, Structures, Engines, Materials, etc. 40s. (40s. 84.)

1935—36 Vol. I. Aerodynamics. 3os. (3os. 74.)
Vol. I1. Structures, Flutter, Engines, Seaplanes, etc. 305, (305, 74.)

1936 Vol. 1. Aerodynamics General, Performance, Airscrews, Flutter and Spinning.
40s. (405. 9d.)
Vol. II. Stability and Control, Structures, Seaplanes, Engines, etc. 50s. (50s. 104.)

1937 Vol. I. Aerodynamics General, Performance, Airscrews, Flutter and Spinning.
40s. (401. 104.)

Vol. II. Stability and Control, Structures, Seaplanes, Engines, etc. 60s. (61s.)

1938 Vol. I. Aerodynamics General, Performance, Airscrews. 5os. (5Is.)

Vol. IL. Stability and Control, Flutter, Structures, Seaplanes, Wind Tunnels,
Materials. 3os. (305. 9d.)

1939 Vol. I Aerodynamics General, Performance, Airscrews, Engines. §6s. (505, 114.)

Vol. I1. Stability and Control, Flutter and Vibration, Instruments, Structures,
Seaplanes, etc. 635, (645, 24.)

1940 Aero and Hydrodynamics, Aerofoils, Airscrews, Engines, Flutter, Icing, Stability
and Control, Structures, and 2 miscellaneous section. §os. {(514.)

Certain other reporss proper to the 1940 volume will subseguently e
included in a separate volume.

ANNUAL REPORTS QF THE AERONAUTICAL RESEARCH COUNCIL— ‘
, 1933~34 1s. 64. (15, 84.)
1934—35 15. 6d. {1s5. 82.)
April 1, 1935 to December 31, 1936. 4. {44. 44.)
1937 25, (25, 2d.)
1938 15. 6d. (15. 84.)
193948 35. (395. 24.)

INDEX TO ALL REPORTS AND MEMORANDA PUBLISHED IN THE ANNUAL
TECHNICAL REPORTS, AND SEPARATELY—

‘April, 1950 - R. & M. No. z600. 24 6d. (25. 744.)

INDEXES TO THE TECHNICAL REPORTS OF THE AERONAUTICAL RESEARCH
COUNCIL— :
December 1, 1936 — June 30, 1939. R. & M. No. 1850.  1s. 34. (15. 434.)
July 1, 1939 — June 30, 1945. R. & M. No. 1950. 15 (15, 134.)
July 1, 1945 — June 30, 1946. R. & M. No. 2050. 15 (15. 14d.)
July 1, 1946 — December 31, 1946. R. & M. No. 2150.  15. 34. (15. 434.)
January 1, 1947 — June 30, 1947. R. & M. No. 2250. 1s. 34. (15. 434.)

Prices in brackets include postage.
Obtainable from

HER MAJESTY’S STATIONERY OFFICE

York House, Kingsway, LONDON, W.C.2 423 Oxlord Street, LONDON, W.1
P.O. Box 569, LONDON, S.E.1
13a Castle Strect, EDINBURGH, 2 1 St. Andrew’s Crescent, CARDIFF
39 King Streel, MANCHESTER, 2 Tower Lane, BrIsTOL, 1
2 Edmund Street, BIRMINGHAM, 3 80 Chichester Street, BELFAST

or through any bookseller.

5.0, Cede No, 23~2608



