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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHENICAL NOTE NO. 745

TESTS OF A GUST-ALLEVIATING FLAP IN THE GUST TUNNEL

By Philip Donely and C. C. Shufflebarger
SUMMARY

Tests were made in the N.,A.C.A. sust tunnel to deter-
mine the effectiveness of a long-period dynamically over-
balanced flap in reducing airplane accelerations due to
atmospheric gusts. For two gust shapes, one gust srelocity,
one forward velocity, and one wing loading, a series of
flizshts was made with the flap locked and was then repeat-
ed with the flap free to operate. The records obtained
were evaluated by routine methods.

The results indicate that the flap reduced the maximum
acceleration increment 29 percent for a severe gust with a
representative gust gradient distance of 8 chord lengths
and that, for an extreme Zust shape (a sharp-edge guist
the reduction was only 3 percent, The results also indi=-
cate that the flap tended to reduce ‘the longitudinal sta-
bility of the airplane, Computations made of the effec-
tiveness and the action of the flap were in good agréement
with the experimental results.

INTRODUCTION

From time to time, various methods of reducing the
acceleration due to gusts encountered by an airplane in
flight have been suzgested. Among these methods are spring-
mounting the fuselage to the wings and the use of automatic
flaps controlled by the motion of the air or the airplane.
Althouzh interest has been shown in these suggestions for
improving the riding comfort of airplanes, the effectiveness
of such devices is difficult to compute and to investigate
experimentally.

The N.A.C.A. zgust tunnel now offers a convenient means
of investizating 3zust-alleviating devices under known con-
ditions. The present investigation was undertaken to de-
termine the effectiveness of a long-period dynamically
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overbalanced flap in reducing the normal accelerations due
to known gusts.

Tests were made in the N.A.C.A. gust tunnel during
the spring of 1938 on an arbitrary airplane model for two
gust shapes.

APPARATUS

The sust tunnel and the auxiliary equipment have been
described in reference 1, The gust shapes used during the
imwelst igatilion @re’ shiown: ¥n Ffaswre A,

The airplane model (fig. 2) was equipped with a rec-
tangular wing. The general dimensions and characteristics
of the model ‘are Zilwven din® table I. ' The characteristiecs of
an airplane 13,4 times as large have been included in table
I for purposes of comparison,

The airplane model was conventional in all respects
except that it was equipped with a dynamically overbalanced
flap. Figure 3 shows the detailis of the flap mechanism,
The flap was attached to the wing by means of 12 pivot and
socket bearings to keep the friction a minimum, At each
hinge (fig. 3), an arm 1.2 inches long, which supported =
O.27-0ounce weight at its extremity, was attached to the
flap. The overbalance caused in this manner was counter-
acted by a coiled spring at each hinge. Small disks (fig.
3) were used to provide damping, which could be varied by
inserting oil of suitable viscosity between the disks.

The effective period of the flap could not be experi-
mentally determined owing to the nature of the mechanism.
An approximate calculation, however, indicated an effec-
tive period of 1.25 sgeconds, 'which is quite 'Lapge swhen
compared with the normal wvalue for the time from zero to
maximum acceleration increment (0.03 to 0.14 second). The
relative lengths of the times indicate that the mass at-
tached to the 1.2-inch arm would tend to maintain a fixed
path in space when the model was vertically displaced.

The flap displacement would therefore be a direct function
of the vertical-displacement increment of the airplane mod-
el for moderate flap displacements and for the periods of
time considered here.

As all computations were based on a rigid wing, the wing
was made as rigid as possgible., In order to obtain a measure
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of the wing rigidity, the static-wing deflection curve and
the natural period were experimentally determined. The
wine-deflection curve for a load factor of 1.16 (fisg. 4)
was obtained for a uniform span loading. The natural wing
period, determined with the model elastically supported,
is included in table I.

In addition to the regular apparatus and instruments
dsed in all tests at the gust tunnel (referemss ), a shich-
speed motion-picture camera was used to record the flap
motion during part of two flights. The pictures were
taken at about 2,000 frames per second and covered about 2
to % feet of the traverse of the gust tunnel by the model.

TESTS

The test procedure consisted in flying the model over
the gust tunnel under identical conditions except for the
flap, which was either locked or free. The tests were made
for two g2ust gradient distances of one and eight chord
lengths, one forward velocity, one gust velocity, and one
value of wing loading. The velocities and the wing load-
ing are included in table I; the gust shapes are shown in
figure 1. Five flights were made for each condition to ob-
tain mean wvalues of the acceleration increment.

In sddition to the main series of tests, a few flights
were made to obtain high-speed motion pictures of the flap
motion during vart of the traverse of a gust with a gradi-
ent distance of eight chord lengths.

" RESULTS

The records obtained during the tests were evaluated
to give histories of events during entry into and trav-
erse of the gust. Sample histories of uncorrected results
for repeat flights for each test condition are shown in
figanres Snand 6. '

The maximum acceleration increments for all runs were
corrected to the nominal values of forward velocity and
gugt veloeity 2iwven in table I, The resulting wvalues are
shown in figure 7 for the flap-locked and the flap~-free
conditions as a function of the gust gradient distance.
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The flap effectiveness, defined as the nercentage re-
duction in maximum acceleration increment due to the flap,
was computed for each gradient distance from the data of
figures 7(a) and 7(b) and is shown in figure 8,

The high-speed motion pictures of.the flap motion were
evaluated to. obtain the flap displacement as a function of
the distance penetrated into the gust. The results are
given in figure 9.

PRECISION

The measured gquantities are estimated to be accurate
within the following limits for any run:

Acceleration increment - - - - £0,12
Forward velocity - - - - = - - - £1,0 foot per second
Gugt veloecity - - - = = = = = = *0,1 foot per second
Pitch-displacement increment - - £0,2°

Vertical-displacement increment -£0.01 foot
Flap .dvsobsectonh = s s 080= w44 529

An approximate calculation based on the natural period
(table I) and the wing-deflection curve of figure 4 indi-
cates an error in acceleration increment due to wing flex-—
ibility of not more than 2.5 percent. This error is felt
to be well within the accuracy of the other measurements
and will therefore be neglected.

DISCUSSION

As previously mentioned, the flap mechanism was so de-
signed that the flap displacement, 8§, was a direct func-
tion of the vertical-displacement increment of the model
for moderate flap displacements. As a result of this meth-
od of operation, the flap should be relatively ineffective
for Lgharp lgmistiesl but dtist efif aetiivien e gist shionlid 't end Shiol sk
crease as the gradient distance increases. Inspection of
figure 8 substantiates this reasoning, the results indi-
cating a flap effectiveness of only 3 percent for a sharp-

>
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edge 3zust as compared with about 38 to 40 percent for a
2ust with a gradient distance of eight chord lengths. In
the practical application of this mechanism, the small
reduction in acceleration in a sharp-edge gust can be ig-
nored because the sharp-edg2e gust represents an extreme
gust shape that is indicated by unpudblished data to be
seldom encountered in flight.

Attempts to calculate the effectiveness of the flap
mechanism by use of the unsteady 1lift functions given in
reference 2 for a flapped wing indicated that the theoret-
ical flap constant (rate of change of effective angle of
attack with flap displacement), developed for a sealed
flap, would give unsatisfactory results. The flap used
in this investigation was unsealed, and the data on flapved
wings given in reference 3 indicate that the flap con-
stant is a function of the flap displacement. Figure 10
gives the variation of the flap constant k with flap
displacement for a 1lO-percent—-chord flap such as used on
the present model. In view of this result, the computa-
tions were repeated with the varying flap constant of fig-
wre. 10,

The analysis was made with the following assumptions:

1 The acceleration increment is a linear function
of the distance penetrated into a linear gradient gust.

2. The flap displacement varies directly with the
vertical-displacement increment of the model; that is,
the mass attached to the flap maintains a fixed path in
space waen the model is displaced.

3. The pitch of the dirplane model is negligible to
peak acceleration,

4, Whether the flap is free or locked, the maximum
acceleration increment will occur at the same distance
from the start of the gust (equations (3) and (4) of ref-

erence 4).

The equation for An, the maximum acceleration in-
crement, is:
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where
An is acceleration increment at mnoint of maximum gust
velocity for a linear gradient Zust.
dC
E‘L’ slope of wing-1ift curve per radian.
a
s WilngSaire o
q, dynamic pressure.
W, airplane weight,

V, forward velocity (assumed constant).

U, gust weloeity at any point.
s, distance zirplane has penetrated into gust, chord
lengths.
844+ &GPfadient distance, chord lenglhs.
CLg’ unsteady-1ift function for an airfqil penetrating

a sharp-edge gust,

CL@’ unsteady-1lift function for a sudden change of an-
gle of attack, Op_ = 1 - —5——— (derived from

NN
+
no
wn

equation (la), reference 5
8§, flap displacement.

k, flap constant (fig., 10
2n aillyacit i =0 O 6

Kg «es K constants,.

0

n 2
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Inspection of equation (1) discloses that the accel-
eration increment is made up of three components: that
due to the action of the sust, that due to the ‘vertical
velocity of the airplane, and that due to the motion of

dCt, SqU
the flap. The first term can be written as bl i
for the gradienti guisht o as E—L ~%§£ Tl fopSa shanp-ddze
(o4 V

gusty where U; 1s the gust velocity at s; and where A4
and T, are the functions of s; given in reference 4.
This term represents the.acceleration of the airplane when
the 1ag in 1ift is taken into account but the wvertical mo-
tion of the airplane is neglected. For convenience, it
will be designated Ang,. The last two terms depend on the
final value of the acceleration and are not so easily ob=
tained.

Since the acceleration increment is assumed to be‘a

L inegrs functiion of tdinmer or? oELlel the Seebndifperni of Clgtia=
tion (1) can be reduced to :
o9
ac;, Sge An [
- R MRS T Y
da WY- sy . L 4 + 2(sqy ~ 8)
0
'S 5
a6y Sge An | s % 4 + 2s
B LB | =2~ + (sy + ———=—2 logy ————= ——)
RETWY: By L' © N = 4% %" 28ty

= K;(An) for a particular value of s;.

Thig eguation indicates that the component due to the wer-
tical motion of the airvlane is a function of the impressed
acceleration and the gradient distance Sq e

The third term of equation (1) contains no direct ex-
pression for An but is devendent on An, since S il &
function of the double integral of the acceleration incre-
ment. When &8 1g computed from the vertical displacement
of the modiel ; 4t is, found that

Su: =miay EI i
g0, that ’1/
3
/
ka = K5 ég) S
Sy
and
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L/3

- = n : ¥ x ; .
When Ksg é—) is substituted for ot 5 10 in the
1

third term of equation (1), the following expression is ob-
tained:

S1
dCy S o}
ot e b < > la = c ._.--?lds
g5 M / k 4 + 2(s, = s) |
dC. Sq 1/3 4
" 4 An / >
2 il m Ko [ PR, P St
da W - sl> o1 b 4 + 2s,

or the third component is K,(An) for a varticular value
oify S18

When the expressions obtained for the three terms of
equation (1) are introduced into the original equation,
the solution for a particular value of s; 1is obtained by
a process of iteration, as:

1

An, = Ang -~ Kz (Ang) - K, (Ano) i

1/3

(2

bng me 1>J <n—1>j

Any

The iteration process converges quite rapidly and is easy
to carry out if the last two terms are plotted as func-
tions of An for different values of s;.

In the present case, the computation was made for
several values of the gust gradient distance and for sev-—
eral gust velocities. The resulting curves, given in
figures 8 and 11, indicate that the flap effectiveness
increases as the gradient distance increases and as the
gust velocity decreases. The experimental values from the
gust—~tunnel tests, shown in figure 8, indicate excellent
agreement between calculation and experiment. It appears,
therefore, that the flap would be more effective in smooth-
ing 'out *he small bumps than the large ones. The computed
flap displacements have been included in figure 9. The
results indicate excellent agreement with the experimental
data in spite of the assumption that the sine of the angle
was equal to the angle. The excellent agreement, however,
may be due to compensating errors in the assumptions used
in the development of the equations.

The effect of the flap on the longitudinal stability
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of the airplane is adverse, as would be expected, in that
it reduces the pitch of the airplane in the gust. Thi
reduction is shown by the pitch-increment curves of fi
5.and 6. A comparison of the ,curves for the free flap
the locked flap shows a mark Pd decrease in the negative
pitch. This decreanse is Dartlcularly noticeable when fig-
ures 5(2) and 5(b) are compared.

It might be well to point out that a device which
tends to maintain the wing 1ift at a constant value will
also tend to reduce the maneuverability of the airplane.
Any acceleration imposed on the airplane to change its
flight path will be modified by the influence of the flap
unless provision is made for the pilot to override the
flap action when using the controls.

CONCLUSIONS

For the airplane model tested, the results indicate
that the flap reduced the maximum acceleration increment
39 percent for a severe gust with a representative sgust
gradient distance of eizht chord lengths and, for an ex-
treme gust shave (a sharp-edge zust), the reduction was
only 3 percent. The results also indicated that the flap
tended to reduce the longitudinal stability of the airpnlane.
Computations made of the effectiveness and the action of
the flap were in good agreement with the experimental re-
sults.

Langley Memorial Aeronautical Laboratory,
National Advisory Committeec for Aeronautics,
Langley Field, Va., December 8, 1239,
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TABLE I

745 il I

Characteristics of Airplane Model

Weight, 1b.
Wing area, sq. fie
Wing loading, 1lby per sge ft.
Snan, ft.
Mean zeometric chetd, f£hs
Center of gravity, percent M.A.C.
Fundamental wing period, sec.

2 2
Moment of inertia, mky, slug-ft.
Goat welocdty, feDs5s
Forward wveloclity, f.DeSe
Span of flap, perceant wing span

Chord of flap, percent wing chord

Model

0.0294

0.00786

Hypothetical
airplane

3910
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Figure 2.~ Airplane model.
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