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SULLARY

A 1/6-scale nodel of a pursuit type airplane was tested
in the 16-foot wind tunnel at the Anes Aeronautical Laboratory
for the purpose 2f deftermining the effect of sSeveral devices
that might be applied to the airplane to improve the high-—speed
pitching-moment characteristics, This investigation was
initiated because some d,“flo“ltleg have been exnerlenced with
this airplane in recovering from high—speed dives,

The results indicate that up to a ilach number of 0,74,
auxiliary flaps at the 7w~peroent~ chord station on the lover
surface of the wing, or a controllable stabilizer, will
provide adequate contrnl to overcone the large pitching noments
encountered during high-speed dives of the airplane, The
results also indicate that a change in wing contour at the
center section will relieve the ﬂlVlnf uondency up tPo ‘a 1ift
coefficient of 0.1 and a lach number of O.74%. This change will
improve the diving characteristics and could be applied t9o
airplanes already constructed and in scrvices

INTRODUCTION

Pilots of the airplane tested have had difficulty in
recovering from high-speed dives, Investigation of the problem
by the National Advisory Committee for ALeronautics was begun
at the langley Illemorial Acronautical LaboratOﬂy, Ianglecy Field,
Virginia, A full-scale airplane was tested in the full--scale




wind tunnel, and a 1/6-~scale model of the airplane was tested
in the 8-Toot high-speed wind tunnel, Further investigation
of the 1/6-scale model was carried on in the 16-foot wind
tunnel at the Ames Aeronautical laboratory, Results of These
investigations are reported in references 1, 2, 3, and 4,

A change in the shape of the fuselage was recommended in
reference 4, but the results did not indicate  that it would
overcome the objectionable pitching moments at all 1ife
coefficlents, Therefore, the model was returned to the Ames
Aeronautical Laboratory, &t the request of the National
Advisory Comuittee for Aeronautics, to investigate the effect
of auxiliary flaps, controllable stabilizer, and change of wing
contour upon the diving characteristics in an endeavor to
provide adequate control.

APPARATUS AND IETHOD
Wind Tunnel and Equipnment
The tests were conducted in the 16-font wind tunnel at

the Ames Aeronautical Laboratorys This wind tunnel has a closed
test section, a single closed-return passage, and 1s of elrenlay

cross section throughout, The model was supported on two struts

with links for controlling the angle of attack in the sanme
manner as for the tests reported in refcrence IL, The forces
on the model were measured by self-balancing, recording beam:
scalese .

The results of the tests have becn corrected for tunnel-
wall effects by adding the followlng corrections:

Ao = 0¢335 C1, in degrces

AGDT = 0,00573 CL?
Approximate corrections for tare forces and nonents have been
applieds The pitching moments werc computed with respect to

the 25-percent point on the mean aerndynamic’ chord, 323
inches above the trunnione. .
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The model of the airplane (fig. 1) was furnished by the

nmanufacturer, Except for the modifications investigated,
was the same as used for the tests reported in reference U
he Prestone, 0il, spark-plug cooling and carburetor scoop
and the turbosupercharger installations were not on the mo
because previous tests (reference ) had shown that these
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accessories had no significant effect on the pitching-monent

characteristics, A complete descriptisn will be found in

reference 5. The principal model dimensions were as follows:
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The auxiliary flaps were tested at two chord position
on the model, one with a hinge line at approximately 35 pe
cent, and the other with a hinge line at apnroximately 66
percent of the wing chord from the leading edge., The
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locations thus chosen were structurally suited for applica-
v Aiogll S

tion of these flaps to the full-scale airplane, These
auxiliary flaps are illustrated in figure 2.

The changes to the contour of the wing center section
consisting of several alterations to the upper and lower
surfaccs, are shown in figures 3 and L,

In the tests of auxiliary flaps and wing contour
changes, the stabilizer and elevator were set at 0°.

Additional tests of the standard nodcl werec made wlth sever

elevator angles and the stabilizer sct at 0° and -2,

RESULTS AND DISCUSSION
Auxiliary Flaps

The auxiliary flaps may be considered controllable

J

ral

devices to provide longitudinal control at the higher llach

numbers at which the stability of the airplanc increcases ©
such an extent that thc elevator is incapable of providing
control, The more important results, which are given in

0
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figures 5, 6, and 7, show that all of the flaps tested produced -
positive increments of pitching moment which, in general,
increased as the llach number increased.

~ Of the flaps tested, those at the 33-percent-chord station
were the most effective. The flaps inboard of the  booms
produced larger increnents of pitching moment than did the
flaps outboard of the booms., In fact, with flaps at the
33—percent-chord station, the l-inch inboard flaps had a larger
effect than the 2-inch flaps outboard of tlie bnomse. ' '

As indicated in figure 6, the l-inch inboard flaps had
little effect on the pitching moments vhen they were set at
7.5°, but as the angle was increased to 15%, thelr effective—
ness increased rapidly,  especially at- the higher l‘ach numbers.:
Because of this rether rapid increase in -effectiveness, ‘the
flaps should be- operated carefully to- prevent the: development
of too large accelerations. @ B e

-

Figure 8 shows the effect of the inboard flaps on the 1ift
coefficient at which the model balanced., At a llach number of
0.725, a U45° deflection of the 1-1/2-inch flaps increased the
1ift coefficient for balance by 0,55, At this-ilach number, at
an altitude of 25,000 feet and with a wing loading or LB pounds
per square foot, a 11ff coefficlient of 0,55 will produce a -
3.hg pull-out from a vertical dive. S

- The variation of pitching-monent cocfficient with 1ift
coefficient for the l-inch inboard flaps &t the 33—percent-—
chord station, at a ilach -number of 0,725, is shown 1n figure 9.
Figurc 10 shows the drag coecfficicnt, angle of attack, and
pitching-moment coefficient versus 1lift cocfficient for -the
1-1/2~inch inboard flaps, set 30°, at thc same statione:
Corrcsponding data for the standard model without flaps arc:
shown in figure 1l. These data are prescnted for use in
making additional comparisons if cdesircd.

The inboard and outboard fleps had necrly the samc effcct
on 1lift cocfficient, as may be scen by comparing the rcsults
given in figurc 12 with those of figurc 13. The large
differcnces in moment increment previously noted in figure 5
arc probably accounted for by the larger cffcct. of the inboard
Tlaps on the downwash at the tail, cihitlo

The drag incrcments due to the

flaps are lndlcalbed in
figurcs 1l and 15. The flaps werc not intended for usc as dive 5




brakes, but it 1is natural that they should increase the drag
at certain 1lift coefficients, However, at high 1ift
coefficlents, the model actually had a lower drag with the
l-inch inboard flaps at the 33-percent-chord statlon than
without the flaps, as is indicated in figure 16,

With reference to the question of what loads will occur
on the flaps and attachments,. figure 17 shows the pressure
that occurred on the l—l/2—1nch flaps at the 33~percent~chord
station, At a Ilfach number‘of O.74 and g flap angle of U5°,
the maximum difference between the pressures on the.front and
back -faces of the flaps was l 3 times the dynamic pressures.

Altogether, the results indicate that the.auxiliary flaps
should provide a practical -and effective longluudlnal control
to pull out of high~speoa dives, 1ith the elevator free, the
1ift coefficients for trim will Aiffer from the balance 1ift
coefficients shown in figure &, but the effecuivenevs of tne
flaps snould nnt be 1npa1red : ,

Wing-Contour Changes

The wing-contour ch%n@e 2y be cons 1dered flxed devices
that alter the variation of p*tcﬂlng nonents with llach number
so as to improve the hlgh~uoeed diving charaeteristics.... The
upoer—surface contour changes were uestod because, in some-
previous tests of the ‘standard model (reference LS the diving
moments started to decrease at a llach number »f O,{E, and when
the critical speed of the center section. of the wing was
inecreased by a change of contour,. this tendency disapoearcd.
It was therefore reasoned that decreas1ng the critical spececd
at the wing center scetion would couse the diving moments to
start docr0181ng in the sane nanpcr at a lower “ach number,
The lower—surface contour changcs werc fested because it was
believed that the shock which tnov causc to. form on the lower
surface of* the wing at high llach numbors night have an effect
similar to the auxiliary flaps and thereby inprove the ‘diving
characteristicse. : ‘

* Plgure 18 shows the varlation of pltchlng~moment
coefficicnt with Ilach number at 1ift coecfficients of 0.1,

0.2, and O.4, due to changes to the contour of the upper
surface o thc wing. The large inboard upper—surface contour
change (fig. 18, curve C) is the only onc of these changes-




that had any appreciable effect on the pitching-moment charac-—
teristics. This change causes the diving monents to decrease
at llach numbers above 0,725 for a 1lift coefficient of 0.1, but
the effect is too small to be of value,

Figure 19 shows the effect of lower—surface contour
changes., At a 1ift coefficient of 0,1, the contour change at
the H2-percent-chord station shows a relatively small variation
of pitching-moment coefficient with Ilach number. The other
changes had less favorable effects.

The curves of pitching-moment coefficient versus 1ift
coefficient (fig. 20) show that for 1ift coefficients less
than about 0.1, the pitching-moment coefficlent increases as
the llach number increases, and for greater 1ift coefficlents,
it decreases with increasing llach number. These characteristics
tend to make the airplane balance at a 1ift coefficient of
about 0.1 as the speed increases above that corresponding to
the critical llach nunber,

The 1ift increments due to the contour changes are shown
in figure 21. At an angle of attack of -17,-all the contour
changes decreased the 1ift coefficient at low speeds and
increased it at high speeds, except for the contour change at
the trailing edge, which acted oppositely, The contour change
at the 52-percent-chord station gave the maximum reduction in
1ift at low speeds and did not increase the 1lift until a liach
number of 0,675 was exceeded. Above this value, the 1ift
increment increased rapidly. This increase in 1ift increment
tends to maintain the downwash at the tail, which is probably
responsible for the favorable effects on the pltching moments,
The results for the standard model (fig. 11) show that for all
1ift coefficients greater than -0,18, the pitching-moment
coefficient decreased as the ilach number increased above the
critical, The results with the wing contnour change at the
F2-percent-chord station (fig. 20) show that the 1ift
coefficient, above which the pitching cocfficients decrease
with increasing llach number, is incrcaged from -0,18 to Ol
Therefore, there should be less difficulty in recovery fron
dives at ilach numbers up to at least 0,74, the 1limit of the
tests. '

All the contour changes on the lower surface increased
the drag at a llach number of 0,725 or lcss (fig. 21). Above
this ilach number, the drag was reduced by the contour changes
at the 48-percent-and 52-percent-chord stations, The contour




change which gave the best pitching-moment characteristics
(that at the F2-percent-chord station) caused the least
increase in drag.

Controllable Stabilizer

A 2° decrease in stabilizer incidence increased the
pitching-moment coefficient by approximately O,1 throughout
the speed range (fig, 22). For the standard airplane, this
change in pitching-moment coefficient corresponds to an
increase in lift coefficient for balance of about 0,2 at a
Ilach number of 0,725, Figure 22 also shows that the eifec~
tiveness of the elevator, in producing changes in pitching
moment, remained essentially constant for all llach numbers
of the test for both 0° and —-2° stabilizer incidence,
Although the elevator is effective in producing changes in
monent, these are too small to overcome the greatiy }
increased stability produced by a fixed stabilizer when the
angle of downwash decreases at the higher ilfach numberss
Eowever, the moment required can be produced by changing the
stabilizer angle., These results indicate that a controlilable
stabilizer should provide longitudinal control of the alrplane
in dives up to at least a liach number »f O.T7h.

COIICLUSIONS

For liach numbers up to at least 0,74, the limit of

the tests, the results indicate that:

l. Auxiliary flaps at the 33-percent—chord station on
the lower surface of the wing between the booms and fusclage
will provide longitudinal control in dives.

2. A change to the contour of the lower surface of the
wing between the booms will rclieve the diving tendency for
values of the 1lift coefficients up to 0.1, This change
anounts to thickening the wing at the H52-percent-chord station
and fairing to the original wing surfacc,

3, A controllablec stabilizer will provide longitudinal
control in high—specd dives.

Anes Aecronautical laboratory,
National Advisory Committee for Aeronautics,
lloffett Fleld, Callfly
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Figure le.- Model used in tests with standard fuselage.
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FIGURE 19.- EFFECT ON MOMENT COEFFICIENT OF CHANGING LOWER SURFACE

'WING CONTOUR.
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FIGURE 20-AERODYNAMIC CHARACTERISTICS FOR STANDARD MODEL WITH
WING CONTOUR CHANGE AT 52% CHQRD ONL.OWER SURF’AC;;i
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FIGURE 2i.—EFFECT OF CHANGINEe LOWER SURFACE WING
CONTOURS ON LIFT AND DRAG.
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FIGURE 22.- EFFECT OF ELEVATOR AND STABILIZER
ANGLE ON MOMENT COEFFICIENT,



