—iba

e ]

£/ R ———

MR January 1943

19930093568 A

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
January 1943 as

Memorandum Report
FLIGHT MEASUREMENTS OF THE EFFECTS OF A WING LEADING-EDGE
SLOT AND OTHER MODIFICATIONS ON THE STABILITY, MAXIMUM
LIFT, AND HIGH SPEED OF AN OBSERVATION AIRPLANE
By William N, Turner and Betty Adams

Ames Aeronautical Laboratory
Moffett Field, California

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

A-88



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Bureau of Aeronautics, Navy Department
FLIGHT MEASUREMENTS OF THE EFFECTS OF A WING LEADING-EDGE SLOT
AND OTHER MODIFICATIONS ON THE STABILITY, MAXIMUM LIFT, AND
HIGH SPEED OF AN OBSERVATION AIRPLANE

By William N. Turner and Betty Adams

SUMMARY

Stability, maximum 1ift, and high-speed tests were made of an
observation airplane fitted with Maxwell leading-edge slots.

Static and dynamic longitudinal and lateral stability was, in
general, satisfactory and was little affected by the slots.

Maximum 1ift coefficients with power off were low due to early
stalling at the center section. The Maxwell slots as installed
reduced the maximum 1ift available by aggravating the center-section
stall. Extending the slots all the way to the fuselage eliminated
the detrimental effect, but the increase in 1ift over the slot-closed
condition was small. Fully opening the cowl flaps eliminated a
detrimental effect of opening the hoods in the landing condition. The
stall warning, power off, was adequate, and with slots open was
excellent. The highest 1ift coefficients were obtained with power
on, but in this condition the stall warning was poor.

INTRODUCTION

Flight tests were made to determine the maximum 1ift and
corresponding angles of attack, drag, and stability of an observa-
tion airplane equipped with Maxwell leading-edge wing slots. Various
modifications were made to the airplane in an effort to increase
the increment of maximum 1ift resulting from the Maxwell slots.

The lateral control characteristics of this airplane have been
reported in reference 1.




DESCRIPTION OF ATRPLANE

The test alrplane is a two—place, single—engine, mid—wing,

cantilever monoplane with fixed landing gear, partial span deflector—

plate flaps, combination aileron-spoiler lateral control, and
Maxwell leading-edge slots extending from the wing tip to within
approximately 14 inches of the fuselage (figs. 1 to 4). The dimen—
sions of the airplanc are:
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Plan and section views of the high-1ift devices and control
surfaces are shown in figures 6 to 10.

Modifications made to the airplane during the courss of the
tests were:

Modification 1.— Auxiliary slats were mounted ahead and above
the normal leading edge of the wing root, overlapping the
inboard end of the original Maxwell slot arrangement by
gbout an inch (fig. 11).

Modification 2.~ A fixed slot of the same contour as the
Maxwell slot when open was constructed in the leading edge
of the wing root between the fuselage and the inboard end
of the original Maxwell slot (fig. 12).

Modification 3.~ In addition to the slot extensions, the wing
walkway was covered with fabric, filled, sandpapered smooth,
and doped.

Modification 4.~ In addition to the slot extensions, expanding
wing-root fillets (fig. 13) were installed. The fillets
started with approximately zero radius at the slot exten—
sion lip and expanded to a radius approximately equal to
the width of the wing walkway at the trailing edge of the
wing proper. TFrom there the fillet was gradually faired
back into the fuselage. The uncovered part of the wing
walkway was in its original rough condition.

Modification 5.~ The fillets were the same as in modification 4.
The slot extensions, however, were replaced by the original
wing-root leading edges.

Modification 6.~ Air flow through the flap gap was prevented
by sealing the lower surface with a strip of fabric.

APPARATUS

NACA instruments were used to record phctographiceally as a
function of time thc following variables: . Irspeed, normal and
longitudinal acceleration, rolling velocity, control position, stick
force, flap position, change in altitude (statoscope), longitudinal
inclination, and angle of sideslip.




Indicating instruments already in the airplane were used in
observing pressure altitude, free air temperature, engine rpm,
manifold pressure, and quantity of fuel carried.

For the drag tests only, where accurate comparisons of power
were neccssary, a total-pressure tube was placed in the slipstream
(fig. 14) and connected to one side of an :i.zpccd indicator in the
cockpit. The other side of the meter was connected to the free—
stream total pressure from the pitot head on the boom. The meter
readings of this installation were then calibrated in terms of brake
horsepower. The calibration was made on a single flight at a
constant rpm and at several air speeds. The power was determined
from observations of manifold pressure, rpm, altitude, temperature,
and thc calibration for the R-985-50 engine. By this method, the
power determinations were made without recourse to the manifold—
pressure gage and so were not influenced by unpredictaeble changes
in power output for a given manifold pressure. Even though the
power actually developed on the calibration flight may have been
different from that shown on the stendard engine calibration curves,
the error was consistently carried through the subsequent test
flights. '

An oirspocd heoad vaned and pivoted so as to aline itself with
the relative wind in pitch, but not in yaw, was mounted on a boom
near the left wing tip approximately one chord length shead of the
leading edge. The installation was calibrated in flight with a
trailing bomb.

A yaw head was mounted on a boom near the right wing tip
approximately onc chord length shead of the leading edge.

A two—clement elevator and rudder control—position recorder was
installed in the tail and attached directly to the control surface
torque tubecs. A two—element lateral stick-position and flep—position
recorder was installed between the cockpits, the stick—position
element being ccnnected to the upper right side of the aileron—
spoiler change~over unit, and the flap position recorder being
connected to the right-hand section of the flap torgue tube.

A two-element control-position recorder was elso installed
in each wing and comnected directly to each aileron and spoiler.

: Calibrations of the control surface deflections in terms of
the cockpit control positions are shown in figures 15 to 27.  As
preliminary tosts showed the most effective slot opening to be
1.5 percent of the local wing chord, no intermediate positions or




linkage changes were used in the present tests, the slot gap for
the slot—open tests being that shown for 30 turns in figure 27.

In flight, it was found that the loads on the slot caused it to
open the equivalent of approximately three crank turns more than
when unloaded. For this reason, about 27 turns were uscd to fully
open the slots in flight.

TESTS, RESULTS, AND DISCUSSION
Stebility

The longitudinal and latersl stability wes checked with the
airplane in the original condition before any tests were made for
maximum 1ift.

Characteristics of the uncontrolled longitudinal motion.~ The
cheracteristics of the uncontrolled short period longitudinal
oscillation were measured with the center of gravity at approxi—
mately 26.3 percont mean aerodynamic chord and both hoods closed in
the following flight conditions:

Power : Flap ; | Approximatoc

i control | Slot Cowl speed range,

bhp | rpm | getting | flaps mph

of f i up closed | closed 66 — 16k |
of f . up open closed 54 — 110

of f | full down closed | closed 60 ~ 121

of f { full down open closed 601053
level | up closed | closed 84 — 164
level ; up open closed 79 — 103
level { full down closed open €7 - 121
level i full down open open 87 — 110
345 | 2300 | up | cloged open 70 — 146
345 | 2300 | up | open open 60 — 103
345 | 2300 ! full down closed open Heraslls
345 [ 2300 full down open open 66 — 103

Where "level" power is referred to in this report it means
power requred for level flight.




The results may be sumarized as follows:

1. The variation of normal acceleration with time always
amped out completely in less than one cycle.

2, TIn a few instances, the records of elevator angle showed
oscillations of approximately 1-1/2 cycles, elthough the last half-
cycle was of very emall amplitude. These instances always occurred
near the lowest trim sneed with either flaps down, slots open, or
both, and with little or no power being applied.

3. During runs with the flops down, the flap position usually
changed slightly; the change, however, was not of an oscillatory
nature.

It is evident, thereforo, that the requiroments of reference 2
were met in most instances; the few control oscillations of more

then ono cycle had no apparent effect on the flylng qualities.

Characteristics in stoady straight flight.-- The characteristics

of the airplane in steady, straight | ht with tho conter of gravity
at epproximotely 26.3 percent mean aerodynamic chord and the hoods

closed were measured in the following flight conditions:

Bt 8 Flap 1 Apprfximﬂte
control Slot Cowl speed range,
bhp | rom getting flaps mph ey
of £ up closed | closed |° T4 — 149
of T up open cloged | T2 — 142
off full down closod | closed Sl
of f full down open | closed 62 — 10L
level up closed | closed 56 ~ 160
level up . open | closcd 59 — 142
levol full down closed open | 47 - 10h
lovel full down open open | 4 — 104
345 | 2300 up closed open 63 — 158
345 | 2300 up open | Open Bl e L
345 | 2300 full down closed open U6 w-rdCh
345 | 2300 full down cpen | open | 8 s LT

il
[}




The results are presented in figures 28, 29, and 30, and may
be summerized as follows:

1. The variation of elevator angle with angle of attack was
stable for all conditions of power with the flaps up, except with
power on at the higher speeds with thec slots open, where the curves
indicate neutral stebility. With flap down at low speeds, the
airplane was stable in all conditions, but at the higher spceds
instability appeared with power off, slots closed; with level—flight
power, slots open; and with full power, slots open or closed. With
power off, flaps up, a breakdown of the flow over the center section
is indicated by the sudden increase in the slopes of the curves near
stalling specd. With power off, flaps down, the flow breakdown
caused pitching cscillations and the scatter of the data shown.

With slots closed, there is less indication of flow breakdown. With
powexr on, there is no indication of flow breakdown in any condition.

2. The variation of stick force with indicated airspoed shows
control-free stability for a2ll conditions except with power off,
flaps up, slots open at the higher speeds. The center-section flow
breakdown with power off at low speeds ig agein apparent in the
sudden increase in the stick force required as the stall is
approached.,

3.. The variation of rudder pogition with indicated alrspocd
with power on shows that approximately one~third right rudder was
requircd to hold straight flight at minimum speed with the flaps
up, and approximately two-thirds right rvdder was requircd to hold
straight flight at minimum speed with the fleps down.

4, The left sideslip at low speeds with j
greater than at high speeds. The indication
power off may have been due to position error in the yaw hezd.

5. When the flap control was in the full-down position, the
flap started to float upward at an indicated air speed of about
75 milos per hour. With power on, full deflection was not available
above approximajely 60 miles per hour.

In general, it appears that the airplane was gtable in the
gpeod range in which it is likely to be used in.cach condition.
With power off, the abrupt increcase in elevator angle and stick
force near the stoll comstituted an excellent sgtall worning. The
carly centor—section stall, however, defeated to a certain extent
the purpose of the high—lift devices incorporated in the wing. With
the center—of—gravity position used in the stability tests, it was
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not possible to obtain a complete stall with the slots open and the
stick full back in either the flaps-up or fleps—down condition with
power off. This charactoristic was apparently due to the deteriore—
tion of longitudinzl control caused by the center—section flow break—
down with the resultant decrease in downwash angie and relative
dynamic pressurc at the tail. Heavy buffeting was prescnt at

minimum spoed in thiscondition. With the slots closed, or with

power on in any condition, no difficulty was encountered in obtaln—
ing 2 complete stall.

Characterigtics of the uncontrolled lateral motion.— The
characteristics of the uncontrolled lateral motion of the airplane
whon disturbed from steady flight were measured with the center of
gravity at 26.3 percent meen serodynamic chord and the hoods closed
in the following flight conditions:

: e Flep | Approximate
ey Cowl ! sanarol i esot ‘ gpeed range,
bhp rpm flaps | gsetting mph
of ¥ closed up closed 83 - 160 -
of f closed up open 88 - 162
off closed full down [closed 85 — 10k
off closed full down | cpen 88 — 104 :
level , 3/L4 open uD closed o I
level 3/4 open wp open O e IRY
level 3/4 open full down |closed 64 — 105
level 3/4 open full down | open 63 -~ 105
335 | 2200 open up closcd 90 — 167
345 | 2200 open up open 71 — 168
330 | 2200 open full down |closed 63 — 105
3861 1:2200 open full down | open 71 — 102

The tosts werc made by trimming the airplanc a2t each test speed ,
abruptly epnlying rudder and alleron to produce a slip, releasing
all controls, ond recording the rosultant motion of the airplanc
and controls.

The results are plotted in figurcs 31 to 34 2nd may be summarized.
as follows:

1. The period of the control-free lateral oscillation varied
botween 2 and 6 seconds and generally decreased with increasing air -
gpeed.
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2, The oscillation always damped to one-half amplitude in
less than two cycles, thus meeting the requirement of reference 2.
The damping was greatest at low specds.

3. In no instance were the controls themselves observed to
oscillate for more than one cycle, which also satisfies the
requirements of reference 2.

The spiraling tendencies of the airplane were noted by the

- pilot during the previously mentioned tests of the control-free

longitudinel motion. The spiral stability of an airplane has
generally been considered to have little bearing on the flying or
handling qualities of an airplane (reference 2). As a spirslly
stable airplane is, however, considerably easier to fly on instru—
ments, the pilot's notes on this subject are summarized as follows:

1. Flaps up, slots closed. No immediate tendency to spiral
in any power condition.

2. Flaps down, slots closed. No spiral power off; left or
right spiral with power for level flight; pronounced tendency
toward left spiral at 45 knots, right spiral at 85 knots, and
spiral either way at intermedicste speeds with full power on.

3. Fleps up, slots open. No gpiral with power off or level
flight power; left or right spiral at 50 knots, right spiral at
60 knots, eventual right spiral at 75 knots, no immediatc spiral
at 90 or 110 knots with full power on.

Y., TFlaps down, slots open. No immediate spiral power off;
gpiral either way up to 70 knots, no spiral at 85 knots with level
flight power; left or right spiral at 50 or 60 knots, no spiral at
T0 or 85 knots with full power on. :

Characteristics in steady sideslipping flight.— The character—
istics of the airplane in steady sideslipping flight were neasured
in the following conditions with the center of gravity at 26.3 percent
of the mean aerodynomic chord:
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Poyer Flap | | Indicated speed 4

4 Cowl control | Slot | Houds tested, mph

 bhp | rpm flaps! setting approximate
of f closed up closed | closed | 86, 120, 166
off closed up open | closed | 86, 102, 133
of £ closed 103 closed | closed | 79, 98, 126
of f closed 1/3 open | closed | 75, 98, 126
off closcd| full down | closed | closed | 75, 85, 102
off closcd| full down| open | closed | Tk, 85, 102
off closed| full down | open open 76, of, ‘Iui
340 | 2300 open up closed | closed | Tk, 123, 166
340 | 2300 open up open | closed | 68, 105, 135
340 | 2300 open 1/3 closed | closed | T3, 100, 126
340 | 2300 open 1/3 open | cloeed | 63, 98, 126
340 | 2300 open | full down | closed | closed | 656, 85, 101
340 | 2300 open | full down | open | closed | 60, 86, 103
340 | 2300 cpen | full down | open open 60, ' oY 10k

The results of the measuroments are shown in figures 35 to 48
and may be sumiarized as follows:

1. In general, the variation of cross-wind force with angle
of sideslip wos such that increasing right bank accompanied
increasing right sideslip, and vice versa, as required in refercnce 2.
(In steady sideslips, the cross-wind force on an airplene varies
directly as the angle of bank (rofercmce 2). A large variation of
angle of benk with angle of sideslip enables a pilot to Judge his
angle of sideslip casily.) In certain conditions at low specd,
however, the variation of bank with slip was neutral at small angles
of slip or slightly negative in right sideslips (fige, 87, 39, 40,
h2, 43, 44, 45). Opening the slot or deflecting the flap had no
pronounced or consistent effect. As usucl, the cross-wind force
with power on oxceeded that with power off.

2. The rolling moment due to sideslip with stick fixed (es
indicated by the variation of lateral stick position with angle of
sideslip) tonded to restore the airplene to its original attitudo
for all conditions except with flap full down, power on, in right
sideslips, especially at low speed. The variation with slot
position, flap position, power, ond specd wes small except for the
case noted above.

The rolling moment duc to sideslip with stick free (as indicated
by tho variation of lateral stick force with angle of gideslip)
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varied considerably with the several airplane conformations. In all
the lowest speed conditions the stick—free lateral stability wes low,
and iIn right sideslips a force reversal scmetimes occurred, especially
with flaps down, power on. In general, the stick—free stability

was lowest with the flaps one—third down. With flaps full down, the
gstick—force variation was large for small angles of slip, but small
for large angles.

3. The variation of yawing moment duve to sideslip, as given
by the variation of rudder angle with angle of sideslip, was considered
adequate in all conditions, in that the rudder angle was approximately
proportional to the sideslip angle and no decrease in the slope of
the curves at small angles of yaw was observed. The slope increased
progressively with flap deflection, but changes with slot position
or power were negligible, except with flaps full down, where a
small increase in slope resulted on application of power. At
large angles of right sideslip, especially with power on, a rudder—
force reversal noted by the pilots indicated tail stalling and
rudder—free instability.

4. The pitching moment due to sideslip (as indicated by the
variation of elevator angle and elevator stick force with angle of
sideslip) was generally emall. Only at the lowest speeds with flap
up, power on, slots closed or open, and with flaps one-third down,
power on, slots open, did the elevator angle for balance move more
than the maximum allowance as given in reference 2, 1° for 5° rudder
movement from trim.

5. Figures 49 to 51 give an indication of the stretch in the
control system that occurred in the sideslips and enables actual
control surface pcsition tc be determined for the stick positions
shown in figures 35 to 48. The control positions shown were
measured by the control position recorders in the wings.

Maximum Lift

Extensive measurements were made of the maximum 1ift of the
airplane in various conformations and with several modifications.
The data are presented in tables I to VII. Blank spaces left in
the tables indicate that.dats were not obtained, or that the
particular configuration was not tested.

In order to make it possible to stall the airplane in all
conditions, the center of gravity was moved back to approximatoly
32.5 percent cf the mean aerodynamic chord. No measurements of
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stability were made in this condition, but the pilots had no
difficulty in flying the airplanc.

The maximum 1lift coefficient was calculated from the data by
means of the following formula:

cp, = Heos@ AR (1)
as
where
W weight, pounds
e flight—path angle
AR resultant acceleration, g's
q dynamic pressurs, pounds per square foot
S wing area, square feet

In determining the weight, allowance was made for the fuel used.
The flight—path angle was determined from the vertical velocity
(measured with a statoscope) and the velocity along the flight path
(true speed determined from records of indicated wirsmecd and notes
of pressure altitude and free air temperature).

If it had been possible to take all records in perfectly steady
flight, the AR term (resultant acceleration in g's) could have beon
omitted from formula (1). In this airplane, however, the early
center—section stall usually made it difficult for the pilot to hold
absolutely steady flight at minimum speed. Introduction of the AR
term in the formula involves the assumption that the resultant
acceleretion is vertical; omitting the term altogether resulted in
considerably more scatter of the data and a tendency toward opti-
mistic values of the maximum 1ift.

The angle of attack was determined from the flight—path angle
and the inclination of the airplane as determined by a recording
inclinometer. The angles of attack shown in the tables are roeforred
to the wing chord line. When necessary, the rcadings of the inclino—
meter were corrected for horizontal acceleration. Because of the
buffeting and uncertain point of stall, the angles of attack shown
ghould be considered only approximate; they may be relied upon, how-
ever, to show the trend from one condition to another.
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Assuming a landing of zero vertical velocity and one g
vertical accceleration, stalling spoeds for landings were computed
from the maximum 1ift coefficients by the following Tormula:

M = MW/0.0025 ClLyqx (2)

The weight was taken as 4800 pounds.

Elevator angles at the stall, as with the angles of attack,
should be taken as only approximate.

Observations of the stalling characteristics were made by an
observer in the rear seat with the aid of tufts on the inboerd half
of the wing.

The results of the maximum 1ift measurements are discussed for
each modification.

Maximm 1ift_in the original condition.-- As shown by table I,
the maximum 1ift coefficients obtained with power off were low and
opening the slot had a detrimental effect. Opening the hoods or
cowl flaps had verying effects, depending on the flap and slot
position. In the landing conditicn (flaps down, hoods open), the
highest 1ift coecfficient was obtained with the cowl flaps open.

The decreased maximum 1ift coefficient with the slots open
was probably due to e change in span losd distribution which tended
to load up the unslotted conter section more with slots open than
with 3lots cloged for a given over—all 1ift coefficient. Once
the center section stalled completely, little or no benefit was
gained by increasing the angle of attack further. It appeared that
the expected added 1ift on the outboard scctions of the wing was
offset by the outward sprcad of the stall.

The power—off stall warning with the slots closed was con—
siderecd adequatc, as moderate buffeting preceded the roll—off.
The power—off stall warning with the slots open wes excellent as
heavy buffeting set in and a rolling and pitching oscillation
doveloped, with no uncontrollable roll—off.

Tests were made with various emounts of power, slots opon and
closed, with flaps down and hoods and cowl flaps open. The results
are shown in ZTigure 52. It is scen that even a small amount’of
power (approx. 100 bhp) increased the meximum 1ift coefficient by
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about 0.5. Tests with approximately 300 brake horsepower at 2200 rpm
for several configurations (table I) showed an increase in maximum
1ift coefficient of 0.96 to 1.30 over the power—off value. These
increases appear to have been due to both the direct forces on the
propeller and the elimination of the center—section stall.

According to reference 3, the 1lift due to power is a direct
function of the thrust, and where there is no premature stalling
at the center section, the added 1lift should be numerically equal
to the thrust. The maximum 1ift coefficient can therefore be
expressed as follows:

CLmax = CL; + CL‘2 + kT

where

C1, maximum power—off 1lift coefficient

CLs increment of 1ift coefficient due to elimination of
center—section stall

k a constant (unity, according to reference 3)

T, thrust coefficient based on dynamic pressure and wing

area (T/qS)

Using the data shown in figure 52, the value of k for this air—
plane was found to be 1.0, thus showing agreement with the conclusions

of reference 3.

With the power on, the wing always stalled near the tip, the
airplane rolling left or right depending on the siot position. No
warning was apparent in the form of buffeting, but the attitude
angle was high (20° to 250). Although the airplane was descending
at the time of stall even at the higher powers, it was found impossi-
ble to make landings with high power as a positive rate of climb
resulted when near the ground,

The measured increment of maximum 1ift coefficient due to
oponing the slots at any power igs also shown in figure 52. The
constant increment of 0.l shown at all powers above approximately 80
brake horsepower could be expected to apply with power off as well,
if the center—section stall were eliminated, The reduction in stall—
ing speed corresponding to this increase in maximum 1ift is only 1 or
2 miles per hour. On this basis, the added weight and complication
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of the Maxwell slot installation could hardly be justified even
in an arrangement free of early stalling at the center section.

Maximum 1ift with modification 1 (auxiliary slats) ..-As shown
in table II, the addition of the auxiliary siats delayey the center—
section breakdown sufficiently to cause increases of up to 0.37 in
the maximum lift coefficient. The detremental effect «&f cpening
the slots wes also eliminated, although no consistent incuease in
lift coefficient due to opening the slots was measured. As in the
original condition, in the landing conformation (flaps down, hoods
open), the lowest stalling speed was attained with the cowl flaps
open.

Meximum 1ift with modification 2 (Maxwell slot extensions).—
Extending the Maxwell slots to the fuselage offered a small increase
in maximum 1lift with the slot—open over the slot—closed condition
(table III). The lowest stalling speed with the hoods open was
obtained when the cowl flaps were open. The Maxwell slot extensions
were slightly less effective than the auxiliary slats in reducing

the stalling speed.

Maximum 1ift with modification 3 (Maxwell slct extensions with
smooth walkway).-Smcothing the wing walkways in an attempt to delay
the separation at the center section resulted in neither an Improve—
ment nor a detrimental effect (table IV).

Maximum 1ift with modification 4 (Maxwell slot extensions with
wing—root fillets).-The combination of Maxwell slot extensions and
wing—root fillets produced the best improvement in power—off maximum
1lift (table V). In the landing condition, the highest 1ift coeffi-
cient (1.97) was again obtained with the cowl flaps open. Tests
made with partial cowl—flap openings in the landing condition (hoods
open, flaps down) showed that it was necessary to have them at least
three—quarters open to secure a beneficial effect.

Tests with the flap up and the slots open showed increases in
CL,., Of up to 0.66 over that obtained in the original condition.

As would be expected, the power-on lift coefficients were about
the same as in the original conditionm.

Maximum 1ift with modification 5 Lwingrrpot fillets only).—
With the wing—root fillets only, the greatest increases in maximum
11Tt coefficient were 0.53 with flaps up, slots open, and O.17 with
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the flaps down, slots closed (table VI). As in the original condi-
tion, the stalling speed with flaps down was lower when the slots
were closed than when they were open. Ag usual, when the hoods were
open in the landing condition, the highest 1ift coefficient was
obtained with the cowl flaps open.

Maximum 1ift with modifizetion 6 (wing flap gap sealed on
lower side).— In the flaps-down, slot-closed, power—off condition
with the flap gap sealed on the lower surface, the maximum 1ift
coefficient was decreased by 0.02 to 0.24%, depending on the hood
and cowl—flap positions (table VII). After a few degrees of flap
movement from the full-up position, the tufts on the upper surface
changed direction so that they pointed straight in toward the
fuselage. This change did not occur with the gap unsealed, even
in the full-down position. The glide path was steeper with the
flap gap sealed.

General discussion.— The low maximum 1ift of the test dirplane
appears to have been dus to an early center—section ataldil,. dhig
condition was aggravated by opening the slots when they did not
extend all the way to the fuselage. -

The variation of maximum lift coefficient with the position
of the hoods and cowl flaps was often largs. With flaps down, cowl
flaps closed, opening the hoods usually resulted in a marked decrease
in the maximum 1ift available, both in the original condition and
with the various modifications. In some instances the decrease in
Clymax Wos as much as 0.31. Opening the cowl flaps in additionm,
however, would always improve and often eliminate entirely the
adverse effect of the open hoods. This effect may have been due
cither to added turbulence in the air stream delaying the separation
from the wing root, or to a favorable change in DPressure distribution
over the fuselage and wing—root Juncture.

Of the several modifications tried in.an attempt to improve
the maximum 1lift of the airplane, 21l succeeded to a greater or
lesser extent. The combiration of slot extensions and wing-root
fillets produced the greatest improvement. The maximum power—off
1ift coefficient measured in this condition was 2.0l as compared
with 1.88 in the original condition. It is doubtfuvl that any
simple modification would reduce the stalling spoed much below that
measured in this condition, as in some conformations the stall was
starting farther out on the wing, showing that the center—section
stall (the primary cause of the low maximum 1ifts) was suppressecd.
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With power off, the Maxwell leading-edge slot was found to be
effective only when extended all the way to the fuselage. The use
of a Maxwell slot that did not extend all the way to the fuselage
resulted only in aggravating an inherently early center--section
stall., With the flaps down, this is also trus whether the airplane
is equipped with fillets or not, although with flaps up the fillets
alone did effect some improvement. Had the airplane been one that
normally stalled first at the wing tips, it is possible that the
slots would have proved helpful as installed.

As the maximum 1ift was raised by progressive elimination of
the center—section stall, the stall warning in the form of buffet-
ing was decreased.

Except when the flap gap was sealed, the stall was always
observed to start on the wing nroper; tufts on the upper surface
of the slotted deflector-plate flap were never observed to fluct—
uate or reverse.

The simplest way of increasing the maximum 1lift was by the
application of power; even a small amount of power delayed the
stall at the center section and effected a greater increase in
Cy, . than any of the modifications tested. The main objection

to the use of power was the fact that it eliminated the stall
warning, and power would not be available in case of engine failure.

With power on, the airplane would roll left at the stall with
the slots closed, and right with the slots open. A general
tendency toward high angles of right sideslip and large loss of
altitude was also noted in the slot—open, power—cn stalls. A time
history of a rather severe instance of this is shown in figure 53.
It appears that the airplane started to recover from the resulting
dive at the timc the flap started retracting due to the increased
speed.

Landing recommendations.— Consideration of the data leads to
certain recommendations for landing the test airplene with Maxwell
leading—edge slots.

For minimm power—off landing speed, the cowl flaps should be
kept fully open. This practice eliminated adverse effects of the
opon hoods. The slots should be clescd with the unmodified airplane.
The stall werning appoarcd adequate and the maximum 1ift was highor
in this condition.
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It 1s possible that opening the originel slots, which keeps the
outer wing sections unstalled to relatively high angles of attack
(but not high total wing lift), may give imprcved lateral control
in rough-water landings with the seaplane model when the aircraflt
is bounced to an angle of attack sufficiently high to completely
stall the unslotted wing. The power--off stall warning was very
pronounced in this condition.

For absolute minimum landing speed, all the power possible
without climbing should be applicd. The stall warning in this
condition is negligible.

The maximum angles of attack with power on, or with slots open,
power off, when the center-section stall was supprossed were from
20° to 25°, - The normal threc-point lending attitnde of conventional
airplanes is 1% te 150. The pilots found that practicc and care
were necessary to perform landings at the attitude corrcsponding to
maximum 1ift. Evidently. other factors in the lending maneuver had
predominant effects, as no consistent difference in specd between
threc—point and tail-first landings wag noticed in the Limited
nutber of landing records taken. A time history of a power—off,
three—point landing with the slot extconsions and smooth walkway,
flaps down, slots, hoods, and cowl flaps open, is shown in figure 54.
The recorded :=ivspeccd at contact was 0 miles per hour, or 1.5 miles
por hour lower than thé stalling sposd for that condition as given
in table IV. This differcnce may possibly be accounted for by the
error in wirsmocd reading causcd by the increased static pressure
around the airplanc when it is close to the ground. Statoscope
roadings mode on tho ground in teke-offs showed this error to amount
to about 3 miles per hour for this airplane.

Maximum Speed and Drag

Excopt as noted, a2ll maximum specd rosults reported in this
soction arc for 400 brake horsepower, 5500 feet density altitude,
and 4800 pounds weight.

Preliminary flights indiceted that the slot doors would blow up
slightly in high-sepecd flight, the resulting drag incrcasc causing a
roduction in meximum speed. In the prosont tests it was noted that
vibration in flight would ceusec tho slot-asctuating crank to rotate
approximetely one-half turn from the fully--closcd position. A hook
was then arranged to hold the crank in the fully-closcd position.

A check of the high specd made with tho slots thus closed, and locked
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closed by means of screws through the doors themselves, showed no
difference in high speed.

It was found that installation of the auxiliary slats reduced
the top speed of the airplane 7 miles per hour.

To determine the increagse in performance, if any, which would
result from preventing air flow through the flap gap, idontical
flights were made by each of three different pilots for sealed and
unsealed flap conditions. Differences in piloting technique caused
considerable scatter of the data, but the goneral trend seemed to
indicate only about a 2-mile-per-hour increase in lovel-flight high
speed when the flap gap was sealed. The maximum speed recorded in
those tests in the normal condition was 176 miles per hour
(fig. 55). As sealing tho flap also increased the landing speed
somewhat, the effective speed range was not appreciably altered.

A measure of the drag of the unmodified airplanc was obtained
by determining the power required for lovel flight in the follow-
ing conditions:

1. Flaps up, slots closed, hoods closed

2. Flaps up, slots open, hoods closed

3. Flaps set for 16.5° deflection, slots closed, hoods closed
L, Flaps set for 16.7° deflection, slots open, hoods closed

The results are shown in figurcs 55 to 58. The large increase
in power required shown when the cowl flaps were opened may be
oxcessive, as the total-head meter was scen to increase reading. as
the cowl flaps were opencd. The meter was calibrated with the cowl
flaps closed. The comparative results for the difforent wing, flap,
and slot conformations are, however, bclieved valid.

The partial flap defloction is scen to have rcduced the power
required by about 7 percent at low speeds, but the open slots
appear to have increased the power required by verying amounts at
any speed except perhaps at the very lowest speeds with the flaps
deflected.

CONCLUDING REMARKS

The recsults of thc tasts reported horein are summarized as
follows: ‘
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1. At the center—of-gravity positions tosted, the static and
dynamic longitudinal and latoral stability was, in gencral, satis—
factory. The slots had only minor cffects on the stability
characteristics. j

. Tho low maximum 1ift coofficient of the test airplane was
duc to an carly conter—section stall. Opening the Maxwell slots
as originally installed only aggravated this condition, resulting
in still lower maximum 1ift. '

3. Opening the hoods in the landing condition ( pover—off,
flaps—down) usually reduced tho moximum 1ift coefficient consider—
ably. Ovening the cowl flaps in addition practically eliminated
the adverse offect of the open hoods.

4., Extonding the slots all the way to the fuselage eliminated
thoir detrimental offcct on the maximum 1lift, but the decrcasc in
landing speed over the slots—closed condition was only 1 or 2 miles
per hour.

5. Wing-root fillets alone increascd the maximum 1ift to a
practical degree only in the flap-up condition. When combined with
the slot oxtensions, the fillots also caused small incroascs in
maximum 1ift in the flaps—down condition.

6. With the slots open in the original condition, the power-off
stall warning in thc form of buffeting and incrcased stick travel
and force near minimum speed was excellont. The power—off stall
warning is bclieved to have been adequate in the slot—closed end the
improved slot—open conditions.

7. The highest 1lift coefficicnts were obtained with power on;
ovon a small amount of powor had as much or morc cffoct than any of
the modifications tricd. With the center-section stall eliminated,
the stall wearning was poor.

8. With powor on, and with power off when the slots were
opon and the conter-section stall was suppressed, the stalling
attitude was 20° to 25°, comparcd to 10° to 15° for the normal threc—
point landing ettitude. In a limited number of actual landings, no
consistent reduction in landing specd was obtaincd by going teyond
the three-voint attitude.

9. The slots as originally installed might be uscful in the
scaplene version of the airplane during rough-watcr landings by
kecping the outer wing scctions unstalled and retaining some measure




of latersl control when the airplane is bounced to an anglc of
attack high cnough to stall the whole unslotted wing., With the
slots extended to tho fuselage, the same feature would be present
with the added edvantagc of lower available powcr—off landing
speeds.

10. Reducing the¢ drag of this airplane by sealing the flat gap
did not increase the specd range, as the landing spced was incrcascd
as well as the high speed. ’

1l. Partiel flap deflection reduced the power required for
lovel flight at low speeds, but opening the slots increased the
drag in all conditions except at the very lowecst spececds with flaps
deflected.

Lmes Acronautical Laboratory,
Naticnal Advisory Committee for Asronautics,
Moffett Field, Calif.
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TABLE I. ORIGINAL CONDITION

2 OF v% chL C.G. APPROX.
UNS A NG POSN. ELEV.
E fm_ 4800 CHORD %  ANGLE FIRST PARTS OF WING TO BUFFETING MOTION AT STALL AND ADDITIONAL COMMENTS
2 2 8 AGED C LBS., MAX., M.A.C. TO LL
=SS g Cp, a WAk MPH DEG. BEFORE STALL,
& E @ E O TAKE- DEG.,
OFF +=DN
OFF UP C C ¢ a z 1.16 78.5 15 32.1 -4 L.CENTER SECTION LT.-MED. L.ROLL
c o 1.22 75.56 1 -5 L.CENTER SECTION MED. L.ROLL
1 0,6 1.2 75.5 1 -10 BOTH CENTER SECTIONS MED. R.ROLL
0 0 E 1.36 72.5 19 -6 R. WING MED. ABRUPT R.ROLL
6 0 ¢ &k & 1.00 80.5 }_E 32.3 - 2 BOTH CENTER SECTIONS MED.~-HEAVY NO ROLL
c o 1.02 82.0 - L.CENTER SECTION MED . ~-HEAVY NO ROLL
‘ 0 ¢ i 1.0 82.0 13 - 3 L.CENTER SECTION MED.-HEAVY NO ROLL
00 3 3 1.17 78.5 17 - R.WING MED.-HEAVY ROLL.O0SCILLATION
DN ¢ ¢c c 6 6 1.88 62.0 16 - 2 CENTER SECTIONS MED. ROLL.0SC ILLATION
c o0 7 7 1.8 62.0 16 - CENTER SECTIONS MED . -HEAVY ROLL.OSC ILLAT ION
l 0 ¢ i | 1.51 65.0 17 -18 L.CENTER SECTION MED. ABRUPT L.ROLL
0. 01 7 T a8l 6235 17 -8 BOTH CENTER SECTIONS MED. PITCH-DN OR L.ROLL
occ 17 1.21 62.0 15 -11 BOTH CENTER SECTIONS MED . -HEAVY ROLL.OSCILLATION THEN PITCH-DN
6 0 T T 162 66.5 12 -6 L.CENTER SECTION MED. ROLL. & PITCH.O0SCILLATION
l 0 ¢ T Z 1.6L 66.0 13 -11 L. CENTER SECTION MED. ROLL.OSCILLATION & MILD PITCH-DN.
0o o 7 170 63.5 13 = L. CENTER SECTION MED . -HEAVY ROLL.OSCILLATION & MILD PITCH-DN.
300BHP OGP C C C
c o
l o ¢
0 0 -
0 € ©
€ o
1 o ¢
0 0
DNC C ¢ 4 4 2.8, 50.0 23 32,1 + 2 OUTBOARD WING NONE L.ROLL
¢ 0 b'hk 2.8 50.5 22 + 3 OUTBOARD WING NONE L.ROLL
1 06 h-k z.gz 51.5 22 + 2 OUTBOARD WING NONE L.ROLL
oo L L 2.81 50.5 22 + 3 OUTBOARD WING NONE L.ROLL
0 -6 o b L 285 0.0 2 =2 OUTBOARD WING NONE R.ROLL
c.0 h I 2:90 29.5 2 0 OUTBOARD WING NONE R.ROLL
1 0o ¢ L 3 z.gg L9.5 29 0 OUTBOARD WING NONE R.ROLL
0 0 L 3 2. 50.0 27 + 3 QUTBOARD WING NONE RROBL
88BHP c o0 -k Lk 2.26 56.5 18 -2 L.OUTBOARD WING NONE L.ROLL
252 * l & L L4 2.67 31.5 19 312 L.OUTBOARD WING NONE L.ROLL
3 E Z 2.32 E.s 22 +5 L.OUTBOARD WING NONE L.ROLL
35 0 0 0 2.0o sh.5 22 -7 L.WING,THEN R. NONE OR LT. R.ROLL & FAIRLY STEEP DIVE
260 L 4 2.78 Zo.s 2 + 1 L.REAR OUTBOARD WING NOXNE R.ROLL & STEEP DIVE
%6); l l l 5 5 307 8.0 27 + 2 L.REAR OUTBOARD WING NONE R.ROLL & PITCH-DN OR NO ROLL & L.TURN. FULL R.RUDDER NECESSARY FOR STRAIGHT FLT. AT MIN. SPEED.
TABLE II. NODIFICATIQN %. AUXTLTARY SLAT
NATIONAL ADVISORY
COMMI TTEE FOR AERONAUTICS
OFF . DP € § C
¢ 0
l (I
0 o
0 C ¢
¢ 0
j 0 ¢
0 o
DN ¢ ¢ ¢ k4 L 1.98 60.0 16 32.1 - Z OBSERVATIONS INCOMPLETE NO ABRUPT ROLL
G0 il Sl orp] 29.5 16 - L.ROLL
l oc¢c L L 1.30 Bhl T8 =3 R.ROLL
o o L L 1.88 62.0 18 - ABRUPT R.ROLL
(e} (o (eh [T T 1 60.0 - 23 -13 R.OR L.ROLL
[ G IR 1.33 60.0 21 -1 R.ROLL
1 0 ¢C E P‘ 132 63.5 gﬁ -29 HEAVY STALL INCOMPLETE. VALUBS ARE FOR MIN. SPEED WITH STICK FULL BACK.
0 o0 1s 62.0 -25 ABRUPT R.ROLL. ROLL-OFF USUALLY AS NOTED, BUT SOMETIMES WOULD MOT ROLL-OFF WITH STICK FULL BACK.
300BHP UP C C C
c 0
l 0 ¢
0o 0
(o} s (]
c o
1 0 ©
1 0 o
DN C C C
sEgSg
l 0 ¢
0 0
o c G
c 0
| s ¢
00




TABLE III. MODIFICATION 2. MAXWELL SLOT EXTENSION

o  NO.OF v a C.G. APPROX.
& RUNS Ak wine  posN. TLEV.
3 AVER- 4800 CHORD ¢ ANGLE FIRST PARTS OF WING  BUFFETING MOTION AT STALL
@ @ @ = AGED Cr, LBS.,MAX., M.A.C. TO T0 STALL AND ADDITIONAL
& & 5 9.4 MAX. MPH DEG. BE- STALL, COMMENTS
S NG o FORE  DEG,
o P O A [ TAKE-  +=DN
OFF
OFF uP G € ©
c o
0 C
o ¢
o Cc ¢
c o
l 0 ¢
0o o0
1.8 62.5 L 32.1 -6 L. WING L.ROLL
2L 2 % ga 1.83 62.0 16 - -1 BOTH WING & CENT.SECT. L.ROLL USUALLY
oc 8L 1.51 65.0 20 =22 CENT.SRCT. SLIGHTLY STALL SHARP R.ROLL
o o 8 L 1.85 62.5 18 -8 SHARP R.ROLL
ococ 8L 1.8 615 2, -28 L. CENTER SECTION R.ROLL
¢ o 8 L 1.8 62.0 2 =27 L. CENTER SECTION R.ROLL USUALLY
oc 8 L 174 6h.e 2 -29 BOTH CFNTER SECTIONS HEAVY  NO ROLL OR PITCH. VALUES ARE FOR Vyry WITH STICK FULL BACK
o 0o & L 192 61.0 2k -16 MED. R.OR L.ROLL
300BHP UP C C C
c 0
l o ¢
00
@ ¢ C
¢ O
| o cond S TR e
DN € C C
c o
1 o o
0o 0
oS cie
c 0
1 0lc
0o 0
TABLE IV. MODIFICATICN 3. MAXWELL SLOT EXTENSION AND SMOOTH WALKWAY
OFF UP C C C
c o
L 0 C
0 0
0 ¢ ©
c o
1 i
0o 0
DN C C C
c 0
l o ¢C
0o o
o¢cc¢c L Li.92 61.0 23 32.1  -28°  L.CENTER SZCTION R .ROLL
¢ o L L8 e 23 -29  L.CENTFR SECTION WILD PITCH-DN. OR ABRUPT R.ROLL o o CONTROL WITH SPOTLERS RESULTEC IN ABRUPT R.ROLL
0 C 1.77 63.5 22 -2 BOTH CENTER SECTIONS HFAVY SHIP USUALLY PITCHED OUT,BUT ATTEMPTE
0o o ﬁ Z1.9o 61.5 23 -1 CENTER SECT. AT REAR MED. MILD PITCI & R.ROLL
300BHP UP C C C
c 0
6
0 0
0 C C
GO
l 0 ¢
0o 0
DN C C C
c o
i 0 ¢c
0o 0
0 Cc C
c o
0 C
c 0




- » Fo. v, @ C.G. APPROX.
£ or go WING ro:n. BLEV.
E ithes l,fm” 222‘3? Nhar o JEISOTARTS (DRI BUFFETING  wopION AT STALL AND ADDITIONAL  COMMERTS
2 § R g AED DEG.  BEPORE STALL,
E 2R TAKE-  DEG.
(4 o E O Cra OFF +=DN
OFF UP C C C L 1.38 72.0 18 32.5 -6 L.INBOARD WING MED.
c o h poule Jo s -6 L.WING NONE-LT. [ 'ROrLITREN R
oc¢c L 1.36 72.5 17 -1 REAR BOTH CENT.SECTIONS MED.-HEAVY  R.ROLL.THEN L.
oo LL 103 7.0 20 - R.WING LT, R.ROLL,THEN L.
oc¢c ¢ 1.6 66.5 2 L.CENTER SECTION LT, PITCH-DN, IF HELD WILL ROLL ABRUPTLY R
() ﬁi 1.73  64.5 2 L.CENTER SECTION MED. PITCH-DN, 0 i
l o¢c Lk 1.2} 62.5 2 REAR BOTH CENT.SECTIONS MED.-HEAVY g noﬁ,,"‘;,;,’}“g,’}.;ﬁ é’;’jgﬂi:g
o 0 LLh 1.76 6h.0 2 EXTREME REAR CENT. SECT. NONE-LT. R.ROLL
DN C C C L 4 1.8y 62,5 16 IRBOARD L.WING LT, ILD L.Ri
c o LL 191 &3 17 INBOARD L. WING WNEIT. b e
1 [ L L 1.76 6L.0 15 -18 REAR L.CENTER SECTION LT, L.ROLL
o 0o L Lk 1.9L 61.0 20 -9 BOTH WINGS HONE-LT. MILD PITCH-DN
0 C C L Lk 1.92 61.0 2 -28 L.CENTER SECTION MED. U ]
c o h b 2.01 22.5 2 -2 L.CENTER SECTION MED. .‘9.2“2 2_:3"&
[ L L 1.86 0 21 -2 BOTH CENTER SECTIONS HEAVY MILD PITCH-DN OR VIOLENT L.ROLL
00 L L 1.97 6é0.5 21 -12 REAR OF CENTER SECTIONS LT, MILD L.OR R.ROLL
300BEP UP C C C Lk 1.73 éh.s 21 -3 R.WINKG NONE R.,THEN L.,THEN R.
c 0o Lk 1.7 23.5 21 -2 R.WING NONE R.,THEN L., THEN R.
‘ 0 ¢ LL  1.76 0 20 -3 R.WING NONE R.,TREN L.,THEN R.
oo LL 179 635 20 -2 R.WING NONE . R.,TREN L.,THEN R.
0 ¢ C h L 2.18 52.5 27 -6 R.OUTBOARD WING NONE R.ROLL,CONSIDERABLE R.SLIP
c o L L 2.26  56.0 -6 R.OUTBOARD WING NONE R.ROLL.CORSIDERABLE R.SLIP
l 0 C L L 2.8 5z.5 -9 R.OUTBOARD WING NONE R.ROLL.CONSIDERABLE R.SLIP
o0 L L 2.22 56,5 25 -7 R.OUTBOARD WING NONE R.ROLL. CONSIDERABLE R.SLIP
DN C C C L L 2.68 51.5 21 +2 L.WING NONE L.ROLL OR PITCH-DN
c o L L 2.82 50.5 19 +3 L.WING NONE L.ROLL OR PITCE-DN
l o c L L 2.70 51'3 21 + 2 L.WING NONE MILD L.ROLL
o0 ks 2.7t 51. 20 + b BOTH WINGS NONE PITCH-DN
oNC C L L 2.88 Eg.o 2 -1 L.WING,THEN R. NONE R.ROLL
c o L L 5.02 8 2l +3 L.WING,THEN R. NONE ® .BOLL
l o ¢ LL 2.8 20. 25 +1 L.WING, THEN R. NONE R.ROLL, MUCE R.SIDESLIP.LARGE ALTITUDE LOSS
- oo L Lk 3.00 9.0 25 +3 L.WING.TREN R. NONE R.ROLL OR PITCH-DN
OFF N 00 C 1.82 63.0 — -29 BOTH CENTER SECTIONS MED. PITCE~DN
s o o% L1l 1.8 sg.o - -29 BOTH CENTER SECTIONS MED. PITCH-DN OR R.ROLL
l l o o% LL 1.8 63.0 — -29 BOTH CENTER SECTIONS MED. R.ROLL
o 0% LL 194 610 — -25 BOTH CENTER SECTIONS MED, R.OR L.ROLL
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COMMITIEE FOR AERONAUTICS

TABLE VI. MODIFICATION 5. WING-ROOT PILLET ONLY

OFF UP C C C 1.3L 73.0 18 32. -6 L.INBOARD WING MED, = R. MILD
c o Il:ll: 1.37 73.5 18 2 = 5 REAR INB'D WINGS & CENT.SECT. MED. k.ggfﬁfg‘g L.
l 0 C L4 1.3 .0 19 -1 BOTH CENTER SECTIONS MED. R.ROLL
0o o LLh 1.39 72.0 19 - R.OUTBOARD WING MED. R.ROLL
OO0 1. 68.0 23 -2 BOTH CENTER SECTIONS HEAVY PITCH-DN & MILD OSCILLATION IN ROLL & YAW
0 h ll: 1~Z; ZI-S 2 -2 BOTH CENTER SECTIONS HEAVY PITCH-DN & MILD OSCILLATION IN ROLL & YAW
oc LI 1.5 S 2 -2! BOTH CENTER SECTIONS HEAVY PITCR-DN & MILD OSCILLATION IN ROLL & YAW
oo Lk 1.35 732 22 - BOTH CENTER SECTIONS HEAVY PITCE-DN & MILD OSCILLATION IN ROLL & YAW
DN C C C L 2.05 9.0 16 -6 L.CENTER SECT.& WING LT,-MED. L.ROLL,THEN R.,O0R L.ROLL & PITCH-DN
c o LL 1.8 21.5 1 -6 R.CENTER SECT.t WING LT .-MED. R.ROLL & PITCH-DN
| l 0 C L 1.73 64.0 1 -2l BOTH CENTER SECTIONS LT,-MED. PITCH-DN.GENTLE STALL
| 0o 0 L 1.92 61.0 18 -9 L.WING & CENTER SECTION LT, L.ROLL
| 0 c © 1.7 A 18 -8 L.CENTER SECTION MED. L.ROLL
() “f 1.Z 2%3 17 -8 L.CENTER SECTION MED. ROLLING OSCILLATION
l oc LbL 1.72 éh.5 20 -243 BOTH CENTER SECTIONS LT,-MED. SLIGRT ROLLING OSCILLATION,THEN PITCH-DN
00 L L 1.76 64.0 19 L.CENTER SECTION LT.-MED. PITCH~-DN
300BEP UP C C C
04 0
i oc
0o
0C C
c o
ocC
o0
N c Cc C
c 0
l o ¢
oo
oc ¢
c o
o cC
o0




TABLE VII. MODIFICATION 6. LOWER FLAP GAP SEALED

2  NO.OF v a (Eheles APPROX.
<  RUNS A WING  POSN. ELEV.
& . B =  AVER- Ck 4,800 CHORD % ANGLE FIRST PARTS OF WING BUFFETING MOTION AT STALL
2 & & 8 4 AGED MAX. LBS., MAX., M.A.C. TO TO STALL AND ADDITIONAL
I B s MPH DEG. BEFORE STALL, COMMENTS
¥ (N %] m O
o TAKE- DEG.
OFF +=DN
CL a
OFF UP C C C
c o
0o ¢
0 o
O CRNIC
c 0
L R
0 0
DN L C c e ElLNo 1.62 66.0 — 22,5 -10 EITHER WING MED. L.OR R.ROLL
CRQ 0 1.6 5.5 — -g.s R.WING MED. L. ROLL
l (o} (6] Eo 1.69 65.0 — l -18.5  PROBABLY INB'D EITHER WING  MED. L.OR R.ROLL OR PI TCH-DN.
o 0 5 0 ‘197 0 65.5 @ — - 6.5 L. OUTBOARD LT. L.ROLL
0. C €
CRRO
0 ¢ NATIONAL ADVI SORY
% 1 l O 0 COMMITTEE FOR AERONAUTICS
300BHP UP C C C
el 0
L 6 ¢
0 0
QRN CREGC
GO
ORRC
0000
DN C C C
cI 0
l 0 ¢
0 0
0 Cce
c 0
4 oG
G ©




Figure 1,- Three-quarter front view of the test airplane as instrumented
for flight tests,




Figure 2,- Three-quarter rear view of the test airplane as instrumented
for flight tests, showing deflected flap, drooped aileron, deflected
spoiler, and open slot,




Figure 3,- Detall of Maxwell slot installation, slots open,
Spoiler paddle balance is also visible flush with wing
ghead of aileron,
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Figure 10.- Section views of empennage control surfaces
and tabs on test airplane.
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Figure 11.- Auxiliary slat installed on test airplane.




Figure 12,- Lower front and upper rear views through Maxwell
slot extension,
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Figure 13.- Wing-root fillet. |
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Figure 14.- Slipstream total-pressure tube.
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Figure 16.- Friction and deflection in the elevator control

system as measured on the ground.
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21.- Variation of aileron and spoiler angles with
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Figure 22.- Variation of aileron and spoiler angles with
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spoilers with change in flap position.

Figure 23.- Variation of maximum movements of ailerons and
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e stick force required to move the

down, as indicated by th
controls on the ground.

Figure 25.- Friction in the lateral control system, flaps 1/3
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as indicated by the stick force required to move the

controls on the ground.

down,

Figure 26.- Friction in the lateral control system, flaps sisalal

T
REEEERE
L
= o
- -
T = ue e
» 2D
] mEEEE x <
3 o=z
EEEal » o
N mEnEn -
o > w
! g o<
auues <
mEmEs @
s s -~ o
HAHH < w
- susEE M W ]
" asREs
i - :
saug arass [ty
Ty < - ”
suEEs z -
1 T T
i H HHT W
6 -
i 0 3 o
™
e o o
T s
T
T T 3
T Tyt
1 o
5 m H n
0
-
it L
H L
] n T " | T r
T
TR I na
X
" 1] X, EEETY X
i B al I
T T u8 tmEE
as - NGt ne
u 1 it
mam na i 1
s 88 ENEE o8 T
SR a8 . . RN
s
H - ]
& T
ma 1 T !
Tt 2 @) o
1 HH T
- ) 8 B A I
I T T 1 i1
T t T T T 1
im mEEa 1 ! 1 1
T I " u
I I ¥ » =
mEsEEEE BEa T
] T
T
I m T
HHH w T
sEEEEEE I m B AR 1 E
T T %
EEEEEENEE BEES T HH :
0 asan T HHHH »
" 1
T T T H "
H e R e e e e e e e e e P
T
= I T
T T T
I T T
1
- -
: K s t
1 3
I 1
1 1 ) tt
1 1
T T T I 0 e T :
WEEENE L ynus: L » I 1 o
t T I HHHH 1 H T T
T t T T "
= s T I n (BEAHEERA pm B
: i 2888 e Lot
T c + - =
i 55 e wEERERE o naa
joa o =
T I
1mun
G =
T
i 1 FHT t
: T t i A FHH !
T T
T 1T T i T I T " I
T a; T T 1 T HHH H = HHH T HH
I "
T 1 I EESEPRRER BE L 1 188 B I Ll LT InEuE RSN EEEE L 8 SEEEE S




rlvr T T TTTT T T
ui 1 e 1
b e " T m
FE T o 1
[ T - ! =S Ena
- - T
> 5
I x < 1
- ! w z $ t
H o H
- & HHH
" > w
t < rl
] ERasain S <HE
LN - T
A H 40 +
1T W) B I T <w
an b TR
: By oW T =
EsEmE I T H
T FiE = -
rh o< . 1T 1
mam; l = = ma: muwnE/
s F 1 1
o 8l b fsmann TEERTS
T o n st
1 q © HHH
I mans H 4. 4_~|
o fa44 +1 I o
-t — 8 16
19
ssesan b s
|
i 4eaa
1
N
15 5 1 L
mEwa i I 1 1
i N "
18 I
I
T samn
NW T
i I
- i 3
11
T
4
" I
T
w N i BN
il
- 1 e
TR
p I 1 ¥
: sEs I 1T ﬁ 4
1
T
1 H
i5 eeaa I i m
N I
HH sEE s T it
‘ : N HH
R o
f 1 D aaal
1 + S
7 ! 2 e “ -t
HHEH ! HH
: : .. sauy
T
1
1
T 1
I o i 1
T B |
o T n§
¥ 1 # r sum T il
ﬂ : D ? 4
I 11 T || o T 17 inE I T 1 444
|m nu#u T I in @ mas:
=g ! v aurdr. anE Svar iusn anaw
T
Ll
T
T < O
T T T T ¥
H 1 I 1 1 31
1 e i 5 T Li

Figure 27.- Variation of slot opening with slot control crank
position.




T T TYTTT ras
T T T mEma; I InuaEan aet - - 1 T I a1
: w : T ; _ T S High
1 ki ! ! o H
e . _ o aass S 1
mn a ! ! HH - B :
1t ] + T > 2 JTHIH
. & x < -
T 1 T N T oz .lxuhuli
® @ T e § 1d o 2
. T HHHHH =&
- 2
B o«
Ny | { <
’ H @
& =
HHH H e
1 1 11 'z
o
B
1 1T =
H ™~ - -
= | <+
H
= e z =
B e : ] 3 =
b3
o
o o
H H Imi T
[ sEmE T
B M
<| I EEE & 4 o
|A u I
HH-1HH- 7uu ™ "
gasafs £ Hi HHHHY
L3 1 1 3 &
s T T 1 g

11
T
T
1
1
T

Test airplane with hoods and cowl flaps closed,

Figure 28.- Characteristics in steady straight flight with
power off,

center of gravity at 26.3 percent M.A.C.
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Figure 29.- Characteristics in steady straight flight with
power for level flight. Test airplane with hoods closed,
center of gravity at 26.3 percent M.A.C.




Test airplane with

hoods closed and cowl flaps open, center of gravity ‘at

26.3 percent M.A.C.

Figure 30.- Characteristics in steady straight flight with
approximately 345 bhp at 2300 rpm.
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gravity at 26.3 percent M.A.C.
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Figure 32.- Period and damping of the lateral oscillations.
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slots closed, hoods closed,

flaps closed, center of gravity at 26.3 percent M.A.C.

Figure 43.- Characteristics in steady sideslips.
flaps set full down,
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Figure 46.,- Characteristics in steady sideslips.
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Figure 47.- Characteristies in steady sideslips. 340 bhp at
2300 rpm, flap set full down, slots open, hoods closed,

cowl flaps open,

center of gravity at 26.3 percent M.A.C.
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Figure 48.- Characteristics in steady sideslips.
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test airplane with slot extensions and wing-root fillets.

Flaps full down, slots open, hoods open, cowl flaps
closed, 300 bhp at 2200 rpm, center of gravity at 32.5

percent M,A.C.

Figure 53.- Time history of a power-on stall and recovery,
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and cowl flaps open.

slots, hoods,

Test airplane with Maxwell slot extersions and smooth

with flaps full down,
walkway.

Figure 54.- Time history of a three-point, power-off landing,
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Figure 57.- Power required for level flight at 5500 feet
density altitude and 4800 pounds weight. Test airplane
with flaps set for 16,5° deflection, slots closed, hoods
closed.
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Figure 58.- Power required for level flight at 5500 feet
density altitude and 4800 pounds weight. Test airplane
with flep set for 16.7° deflection, slots open, hoods
closed.




