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WIND-TUNNEL INVESTIGATION OF THE EFFECT OF POWER AND FLAPS
ON THE STATIC LONGITUDINAL STABILITY CEARACTERISTICS
OF A SINCLE-ENCINE LOW-WING ATRPLANE MODEL

By Arthur R. Wellace, Peter F. Rossi,
and Evalyn G. Wells

SUMMARY

As part of a comprehensive investigation of the effect of
power, flaps, and wing position on static stability, tests were
made in the Langley T7- by 10-foot tunnel to determine the longi-
tudinal stability characteristics with and without power of a
typical low-wing, single-engine airplane model with flaps neutral,
with a full-span single slotted flap, and with a full-span double
slotted flap. The horizontal tail incorporated a leading-edge
slot for the flap-deflected conditions and was placed high to
avoid the slipstream. Some data are presented for the isolated
horizontal tail. With the double slotted flap deflected some
air-flow surveys were mede in ths region of the tail and the
wing stall was studied by weans of tufts.

With flaps deflected, lift increments were increased by 0.16
for the single slotted flap and 0.42 for the double slotted flap
when power was applied. Power also increases the slope of the
untrimmed 1ift curves (increase of 0.034 for the double-slotted-
flap condition). :

Deflecting the flaps increased longitudinal stability slightly.
The windmilling propeller shifted the neutral point forward from 1 to
5 percent mean aerodynamic chord. The effect of power on longi-
tudinal stability was small except for an erratic effect with the
single slotted flap and at very high 1lift coefficients with the
double slotted flap. The success in obtaining power-on gtability
with the double slotted flap was attributed to the fact that the
tail was out of the slipstream. The stabilizer nose slot improved
the stability and delayed the tail stall but reduced the elevator
effectiveness. Sufficient control was provided by the tail as
tested. In order to avoid possible tail stall, however, the flaps
ghould be deflected slowly. A larger tail volume would be desirable
to provide the necessary tail loads encountered at more forward
center-of ~gravity locations.
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INTRODUCTION

With the development of higher-powered airplame engines, the
effects of power on airplane stability have become of considerable
importance. The propeller itself has an appreciable sffect on
airplane stability even when it is in the windmilling condition,
When power is applied, the effect of the propeller is much greater.
The effect of power on airplane stability may be divided into two
parts: first, the direct effects of the propecller - that is,
thrust, torgue, normal force, and so forth -that act on the airplane
through the propeller shaft; and second, the effects of the slip-
stream on the other parts of the eirplane. Some of the effects of
power are shown in references 1 and 2.

Another trend in aeronautical progress is the development of
better high-1ift devices to improve performsnce. Recent work has
shown that satisfactory lateral-control devices can be developed
for full-spen flaps, which meke the widespread use of such flaps
probable. Flaps arse known to increase the difficulty of obtaining
longitudinal trian and stability for all flight conditions and to
increase the adverse effects of powsr in many cases. The use of
higher-1ift flaps cen be expected to incroase the foregoing diffi-
culties until they become very important.

The location of the wing on the fuselage has pronounced
effects on airplane stability. BHigh-wing airplanee tend to have
more longitudinal stability at medium and high 1ift coefficients.
The vertical location of the wing also influences the effective

diheiial and vertical tail effectiveness appreciably (rcferences 3
and - :

The present peper is the first of a seriecs on an investigation
of the effects of power, flup deflection, and vertical position of
the wing on longitudinal and latersl stability and control. The
results presented herein include only the longitudinel stability
and control of the model as a low-wing airplane.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coeffi-
clents of forces and mcments. Pitching-moment coefficients are
given about the center-of-gravity location shown in figure 1
(26.7 percent M.A.C.). The data are reTfsrred to the atability axes,

which are a system of axes having their origin at the center of
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gravity end in which the Z-axis is in the plane of symmetry end
perpendicular to the relative wind, the X-axis is in the plane of
gymmetry and perpendicular to the Z-axis, and the Y-axis is perpen-
dicular to the plane of symmetry. The positive directions of the
stability axes, of sngular displacemente of the airplane and con-
trol surfaces, and of hinge moments are shown in figure 2.

The coefficiente and symbols are defined as follows:

Cy, 11ft coefficient (Lift/qS)

C meximum 1ift coefficient

Liax

ACL increment in 1ift coeffgziont due to flap deflection

CLa glope of 1ift curve (§E£>

CLt horizontal-tail 1ift coefficient (Lt/qtst)

Cy longitudinal-force coefficient (X /aS)

.+ pltching-moment coefficient (M/gSct)

CmO tail -off pitching-moment coefficient

Cme piﬁchingqnom?nt cocfficient about the effective tail-off
aerodynamic center

Cmt pltching-mament coefficient provided by the tail
(Cmtail on ~ Cmtsi1 off)

Che elevator hinge-moment coefficient (He/qbe‘éeg)

To! effective thrust coefficient based on wing area (Tges/qS)

Qe torque coefficient (Q/dV2D3)

V /oD propeller advance-diameter ratio
n propulsive efficiency (TgpeV/2mmQ)
£ horizontal-tail volume coefficient (Sy4/Sc')

Lift = -Z
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forces along axes, pounds

moment about Y-axis, pound-feet

horizontel-tail 1ift, positive upward, pounds

elevator hinge moment, pound-feet

propeller cffective thrust, pounds

propeller torque, pound-feet

alrplane weight. pounds

effective Reynolds number

free -gtream dynamic pressure, pounds per square foot <*§g>
effective dynamic pressire at tall, pounds per square foot
wing area (9.44 sq ft on model)

horizontal-tail area (1.92 sq ft on model)

alrfoil sectilon chord, feet

wing mean aerodynamic chord (1.36 ft on model)

elevator root-mean-square chord back of hinge line (0.264 ft
on model)

wing span (7.458 ft on model) unless otherwise designated

elevator span along hinge line (2.546 ft on model)

tail length measured from center of gravity to quarter-chord
point of horizontal tail mean aerodynamic chord (3.29 £t

on model)

alr velocity, feet per second

&Y

indicated airspeed, mlles per hour <1TM§W

rate of descent, feet per second

indicated vrate of degcent, feet per second (JE'VS)
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A

D propeller diameter (2.00 ft on model)

g -1 propeller speed, rps

o ratio of eir density at altitude to alr density at sea level
P mass density of air, slugs per cubic foot

Q angle éf attack of fuselage center line, degrees

ay angle of attack of tail chord line, degrees

€ angle of downwasgh, degrees
i angle of stabilizer with respect to fuselage center line,
positive when trailing edge is down, degrees
B elevator defleotién, degrees
Sf deflection of forward part of double slotted flap with
1 respect to airfoil chord, degrees
6f deflection of rearward part of double slotted flap with
2 respect to forward part, degrees
B propellsr blade angle at 0.75 radius (250 on model)
bolQ) tail-~off aerodynamic-center location, percent wing mean
aerodynamic chord
Dy neutral -point location, percent wing mean aerodynamic choré
(center-of -gravity location for neutral stabllity in
trimmed flight)
Subgcript:
b trimmed conditions with center of gravity at the neutral point

MODEL AND APPARATUS

The tests were made in the Langley 7- by 10-foot tummnel
described in references 5 and 6. No landing gear was used for
the tests. Figure 1 is a three-view drawing of the model. The
wing was Titted with a 40-percent-chord double slotted flap covering

93 percent of the span and was designed from the data of reference 7.

Tor the flap-neutral tests the flap was retracted and the gaps were
faired to the alrfoil contour with modeling clay. For the single-
slotted-flap tests, the rear part of the flap was deflected 300,
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and for tests with the double slotted flap both parts of the flap
were deflected 30° (see detail of flap in fig. 1). TFor the flap-
deflected conditions, the gap between the inboard ends of the flap
(directly below the fuselage) was sealed with Scotch cellulosc tape.

A more detailed drawing of the tail assembly is shown in
figure 3. The horizontal tail had an inverted Clark Y section
and was equipped with a fixed leading-edge slot. The slat had
a constant chord but was located to approximate the best slot
shape given in refercnce 8. The reason for the unusually high
tail location (figs. 1 and 3) is given in the section entitled
"Discuesion." The isolated taill was mounted in the tunnel as shown
in figure k4.

Power for the 2-foot-diameter, three-blade, right-hand, metal
propeller was obtained from a 56-horsepower water-cooled induction
motor mounted in the fuselage. Motor speed was measured by means
of an electric tachometer. The dimengional characteristics of the
propeller are given in figure 5. i

Elevator hinge moments were measured by means of an electric
strain gage mounted in the stabilizer. The dynamic pressure and
downwash angles in the region of the tail were measured with a
bank of pitot-pltch tubes connected to a direct-reading multiple-
tube manometer.

TESTS AND RECULTS

Test Conditions

The tests were made in the Langley 7- by 10-foot tunnel at
dynamic pressures of 12.53 pounds per square foot for the power-on
tests with the double slotted flap and of 16.37 pounds per square
foot for all other tests, which correspond to air-speeds of about
70 and 80 miles per hour, respectively. The test Reynolds numbers
were about 875,000 and 1,000,000 based on the wing mean aerodynamic
chord of 1.36 fect. Because of tho turbulence factor of 1.6 for the
tunnel, the effective Reynolds numbers (for meximum 1lift coefficients)
were about 1,400,000 and 1,600,000,

Corrections

All power-on data have been corrected for tares caused by the
model support strut. No tare corrections were obtained for the
power-off tests because they have been found to be relatively small
and erratic on similar models with flape deflected; thus cmiseion
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of the power-off tare corrections 1is not believed to change seriously

the results.

The test results for the isolated horizontal tail were

corrected for tares obtained by testing the teil assembly with the

horizontal tail removed.

Jet~boundary corrections have been applied

to the angles of attack, the longitudinal-force coefficients, the
tail-on pitching-moment coefficients, and the downwash angles measured

by surveys.

The corrections were computed as follows:

Lo = 5T7.38, E Cr, (deg)
ol I
Mrnat-Sy g O
oC
AC 57.3 X Pl B el
n Vat/q W w0 ait L
A € 5T«3 =1
STx3 Jat/q ¢ VL
% where
5w Jet-boundary correction factor at wing (0.1125)
ST total jet-boundary correction at tail (varies between 0,200
end 0.210)
S model wing area (9.4l4 sq ft)
c tunnel cross-sectional area (69.59 sq ft)
BCm/Bit change in pitching-moment coefficient per degree change
in stebilizer setting as determined in tests
qt/q ratio of effective dymamic pressure over the horizontal-tail

to free-stream dynamic pressure

All corrections were added to the test data.

The equationg for

the pitching-moment and downwash corrections are explained in refer-

ence 9.
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Procedure

Propeller calibrations were made by measuring the longlitudinal
force with the model at zero angle of atteck, the flap neutral, and
the tail removed for a range of propeller speeds. The effective
thrust coefficient was then computed from the relation

T % s
Tyt = Cx(prqpeller cperating) CX(propeller removed)

Motor torque was also measured and propeller efficiency was com-
puted. The propeller calibration is shown in figure 6.

Power-on tests were made with T.* varying with C; according
to figure 7. A straight-line varlation of T,* with C; was used
because this variation approximates the variation for airplanes with
constant-speed propellers operating under conditione of congtant
power. Preliminary tests were made by setting the propeller speed
to obtain a given value of T,* and then varying the angle of
attack o wuntil the value of Cy corresponding to the set value
of TC', indicated in figure 7, was read on the scale. Subsequent
power-on tests with the same flap setting were made at the same
propeller speeds and angles of attack as the preliminary tests.

The approximate smount of airplane engine horsepower repre-
sented is given in figure 8 for various model scales and wing
loadings. The amount of power represented was limited by the
maximum output of the model motor and the desire to keep the tunnel
air velocity as high as prectical so that a reasonable value of
Reynolds number could be malntained. The amount of alrplane power
represented will be found low for many cases.

The value of T,' for the tests with the propeller wind-
nilling was about -0.005.
Presentation of Results

An outline of the figures presenting the test results is as
follows:

Figure

ReEblldzeomitonbdl, 8 dvp e dle F GoBis v T LIRS 9 -11

Tuft studies (double slotted flap only) .+ v v « + o « o « 12

Biteckiob reomoving Plepicoetlond s s li & & o « o s o l% » » 18
Landing characteristics:

BRICEU e oawcy GBA TIADE . 4 4 wle d o o v 8 3 & v s e 1h

HiFectiof "sealeo andiwing Lloaddng « b % v .o « # o & o o o 15
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\ BEEfeecbiof power v ivi e o
Incremente dve to power .

\
\ Adr flow at tail (double slotted flu
] i Dynamic-presgure contours . . « .

‘ ¢ Downwash contours « « «

L
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Chart for graphical method

Vector diagrams for neutral-point
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\
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\
\
\
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o
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~e ® e

e o
-
-

€3
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DISCUSSION

Lift Characteristice

Figure

15

17
18

The following teble shows the effect of flaps and power on
1ift characteristics (figs. 9 to 11):

L &y,
i
Flap Opepdiing teil off | tail off @

condition (d = 0% ta s 0°) fais OO)

Neutral '} Q.27 ———— OROT2

Single slotted | »>Propeller off 1.34 1.07 086

Double slotted:| | 2,34 187 074

Neutral '1 e g —i LOTh

\ Single slotted | bPropeller windmilling .53 1.06 085
| Double slotted | | 2,1k 1.87 07k
| Neutral 3 .05 G .087
| Single slotted | > Power on 147 1,29 .097
| Double slotted | | 2,54 2.29 .108
\ —

| Maximwmm 1ift was not attained for all conditions; hence com-
| J varison isg not possible. Values of trim 1ift increments not pre-
] sented in the preceeding table will be lower than untrimmed 1ift
| increments because. of the large down loads required of the tail.
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From the foregoing table 1t can be seen that with flaps
deflected. the application of power caused a marked increase in
1ift-coefficient increment (0.16 with the single slotted flap
and 0.42 with the double slotted flap). Power also produced a
considerable increase in the slope of the untrimmed 1lift curves,
especially for the double-slotted-flap condition. The noticeable
effect of power with full-span single and double slotted flaps
deflected can be explained, in part, by the increased dynamic
pressure over the wing associated with the high 1ift coefficients
and by the improved flow over the rear flap as shown by the tuft
studies of figure 12. With power off, large parts of the rear
flap are stalled throughout the angle-of-attack range elthough the
rear flap unstalls when the main part of the wing begins to
stall. The effects of the model scale are such that the full-scale
airplane may not experience a stalled rear Ilap.

The tunnel-wall effect and the Reynolds number may be con-
tributing factors in making the wing tips stall first. Computa-
tions indicate that the induced upwash at the wing caused by the
tunnel walls increased the effective angle of attack of the tip
about 0.3Cy, degrees thus giving the wing an effective waghin.

Tests were made with the single glotted flap to determine the
effect of removing the section of flap beneath the fuselage
(fig. 13). The sketches included in this figure show the flep
configurations used. An appreciable loss in 1lift at a given angle

of attack occurs with the gap of 8.1 inches. Although 12% percent

of the wing area is included in the removed part of the flap and
of the wing immediately ahead of this flap, the observed loss in
flap 1lift increment is only about 5% percent; thus apparently

over 50 percent of the flap lift increment is carried across the
gap. For the gap of 0.6 inch no changs was observed in 1ift.

Landing Characteristics

Landing characteristics were computed for the model based on

an effective Reynolds number of 8,000,000 (approximately full gize).

It was found that a wing loading of approximately 90 pounds per
square foot could be attained without exceeding the recommended
meximum rate of descent of 25 feet per second (reference 10) with
power off and either with flap neutral or single slotted flap
deflected (fig. 14). With the double slotted flap deflected, a
wing loading of approximately 40 pounds per squere foot may be
attained without exceeding & rate of descent of 25 feet per second,
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With the spplication of power corresponding to the horsepower
in figure 8, with flap neutral, and with single slotted flap deflected,
the ajrplane will tend to gain altitude over most of the 1ift rangs.

The power required to maintain en indicated rate of descent of
25 feet per second at 0,85 (reference 10) and at various wing
loadings is shown in figure IS5 for three different model scales
(L/4, 1/5, end 1/8 scales). This figure, derived from the model
data of figure 14, also shows the wing loadings that may be attained
without exceeding a maximum rate of descent of 25 feet per second
with power off, With the application of flaps the power must be
incrcascd to maintain an indicated rate of descent of 25 feet per
second at a. given wing location.

Tongitudinel Stability

Method of analysis.- The static leongitudinal stability of the

model is indicated by the plots of the variation of neutral-point
location with Cyp (figs. 16 and 17). The neutral points were
obtained by thc methods given in refercnces 11 and 12 from data

shown in figures 9 to 11 and 27 to 29.

From the aforementioned referonces 1t .can be seen that the
hinge-moment characterisgtics of the tail are determining factors in
calculacing shick-frce stability. Becauvse hinge-moment parameters
can vary widely for similar tail plan fcorme, details of the stability
computations will be concentrated on the stick-fixed condition.

The quantities which affect the static longitudinal stability
(stick fixed) have been separated into the various components of
the following egquation:

c
Ly ge
. Yt Bme ¥ " da Cong
l'Lp = N, 2 i o . (l)
ki e Ll alag/a) /oy /a
3 alas/a) /94
e R Rt O &, o Oy
da B qt /q L =)
ks o B

The derivation of equation (1) 1s given in the appendix. The terms
of the equation, which have been found useful in analysis, are
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referred to herein as static-longitudinal -stability parameters. The
longitudinal stability paremeters were obtained frcm the tail-off
and stabilizer tests and isolsted tail tests presented herein. As
the slope of the 1ift curve for the tail ie nonlinear, a special
method was used to compute dt/a end € at the tail. (See appendix.)
The effect of flap deflection and power on the parsmeters are pre-
gsented in figure 19. The same results have been replotted in fig-
ure 20 to show the effect of power at various flap deflecticns.
Results of surveys of dynemic pressure and downwash sngles made with
the double slotted flap are shown by points in the plots of fig-
ures 19(c¢) and 20(c) for comperison. The surveys, however, were
made in only two vertical planes 6 inches on either side of the model
center line and thus do not represent averages zcross the span as do
the values obtained from stabilizer tests. In the subsequent discus-
slon the effect of flap deflection and power on the neutral-point
location will be explained by mecans of the parameters.

Considerations involved in tail location.- Preliminary esti-
mates obtained from the air-flow surveys of figures 22 to 25 showed
that the model with the double slotted flap would be very unsteable
with power on at all 1ift coefficients if the tail were placed in
the conventional low position. The main destabilizing influence is
shown by the third term of the right-hend side of equation (1) which
would produce instability at all 1ift coefficients instead of only

at high 1ift cocefficionts. The large ng ativ§ value of Cme com-
o} ¢]
bined with a normal positive value of —~a§1i~ when the tail is in
L

the slipstream results in a large destabilizing offect. For this
reason the tail was placced as high as practical in an attempt to

’ d(qt/Q)
remove it froméfhe/s%lpstream and thus to reduce ———— +to a low
Q¢ /Q
valve. (See -———— in fig., 23.) As shown in figure 20(c),
d‘( qt //Cl) ACL

i wag reduced to a low value and stebility was maintained wp
L

to a fairly large valuc of 1ift coefficient. Lower and more favor-

able values of Aeﬁﬂm would also be encountered at the higher tail
location (fig. 25).

Effect of tail slot.- The use of a slot on the nose of the
horizontal tail improved the stability as shown in figure 11 by the

increased slope of the Cm curve over that for the tail with the

slot filled. This stabilizing effect is explained by the isolated-
tail data (fig. 26) which show 2 higher value of dCr4 /Aoy  for the
slot-open condition. The neutral points presented for flap neutrel
and single slotted flap were obtained with the tail slot filled but

the neutral points for the double slotted flap were obtained with
the tail slot open.
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Effect of flep deflection.- With power off, deflecting the
flap shifts the neutral point rearward so thet the stability is
slightly increased. One cause of the rearward shift i1s shown in
figures 19(a) end 15(b) to be the shift in ny with flap deflec-
tion. In the case of the double slotted flap another factor which
contributes to the rearward shift of n, 1is the fact that the tail
slot was open end the slope of the tail 1lift curve was thus
increased. The large value of Cme ig of little significance with

d(qt,/CJ.)
power off becaunse ————— is small., With power on, the same

gtebilizing trend of flap deflection is shown except that a
peculiar neutral-point variation is shown for the single slotted
flap (fig. 16(c)). The ncutral-point variation with single slotted
flep wag traced to the varlation of d€/da (fig. 19(c)) with Cr.
Although the stabilizing Influence of n, Dbecame greater as the
fleps were deflected with power on, the increase in dCL/dm reduced
the rearward shift of neutral point caused by the flaps to about the
same order of magnitude as the shift with power off (fig. 19(c) and
equation (1)).

Effect of power.- When the propeller is added and allowed to
windmill, the neutral point shifts forwerd between 1 and 5 percent
mean aerodynamic chord (fig. 17). About 1 percent of this shift in
neutral point was treced to the forward shift of n, when the
propeller was added., The remainder of this shift can be accounted
for by the slight increases in de¢/de eand (dCL/da)b with propeller

windmilling (fig. 20).

The application of power with flap neutral shifts the neutral
point no more than 1 percent mean aerodynsmic chord over the wind-
milling condition (figs. 17 and 18). The destabilizing influence
of the increased de¢/da and dCy, /da apparg?tl? s offset by the

a4 /4
stabilizing influence of ny, 4di/da, and v“"EEZ" (figs. 20(=)
and 21). With the single slotted flap the variation of neutral
point with power on, as previously discussed, makes the increment
due to power very erratic. With the double slotted flap the effect
of power is very small up tc a Cp, of about 2.3 beyond which the

power-on neutral point moves rapidly forward (figs. 17(c) and 18),
As is the case with flap neutral, there is a balancing of the
stabilizing and destabilizing effects, The tail-off center of
gravity n, shifts rearward sbout 15 percent mean serodynamic
chord but this shift 1s offset primarily by the destebilizing
effects of the increase in de/da and (dCr/da), with power
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(figs. 20(c) and 21). At high values of Cj the rapid forward
movement of the neutral point seems to be caused by several of
the paremeters. The value of n, moves forward quite rapildly;

ac increases and, in combination with the large negative
L

value of Cme, produces a large destabilizing effect as shown by
the lagt term of equation (1).

Longitudinal Control and Trim

Since the tail-off pitching-moment coefficients are highly
negative, especially with the full-span double slotted flap
(fig. 11), the tail load for trim is very large. Preliminary
calculations showed that with the conventional tail size used,
the tail would stall when the value of C;, with flap down was
reduced to a moderately low value. In order to prevent the
early tail stall a leading-edge slot was installed in the tail.
According to available data, a slot is more effective on cambered
gsections. For this reason a cambered section (Clark Y) was used
for the tail. Tests of the tail with and without the nose glot
filled showed that a large negative angle of attack and 1ift coef-
ficient were obtainsble with the slot open (fig. 26). The Clark Y
section was mounted inverted since the tail lcad with flap deflected b
is down. An airplane having a slotted tail would probably also
require an adjustable stabilizer to obtain the advantage of the
slot. In addition, the glot was assumed to be retractable so that
the slot could be closed when the airplane was cruising with flaps
neutral,

The angle of attack of the horizontal tall can be obtained
from the following equation:

Q.tz'd..“‘it—e
For the double slotted flap with power on at a = -8°

and CLb = 1.46, a, is computed by ueing figures 11 and 19(c).
Thus,

a, = -8% - 1.3° - 85w L17.3°

Reference to the isolated-taill data of figure 26 shows that a tail

angle of attack of -17.3° 1is beyond the stall for the slot-filled

cage but not for the slot-open case. Although the tail stall is not

apparent in the C_  of figure 11, tail stall is indicated by the ’
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sharp rise of elevator hinge moments with the nose slot filled.
Of course, at a value of ' Cr, lower than the value tested, the
tail with the nose slot open would also stall. Tail stall would
be indicated to the pilot by a sudden uncontrollable tendency of
the airplane to dive. Even with the slot open, forward movement
of the center of gravity would be seriously limited with the
double slotted flap because of excessive tall loads required for
trim. A larger tail volume would improve this situation.

Elevator effectivencss (figs. 27 to 29) is normal and about
the same for each flap deflection except the double slotted flap
with the tail slot open. The low elevator effectivensss with the
double slotted flep is explained by comparing the isolated tail
data with tail slot open and filled. (See fig. 26.) The parameters
dCr, /d®; and dat/d8, are smaller with slot open in the ay

range through which the tail is operating. Elevator effectiveness
increases for the power-on conditions at the higher values of Cp

where the tail enters the edge of thae slipstream.

- In summarizing the importance of the taill in regard to both
stability and control, it appears that raising the tail to provide
adequate stabllity removes it from reglons of higher dynamic
pressures which are necessary for providing control in the case of
the tall tested. Control is possible with the tail as tested,
provided that the flaps are deflected graduslly to avoid & possible
tall gtall,

CONCLUSIONS

The following conclusions were reached with regard to the
longitudinal characteristics of a low-wing, single-engine model
with full-span flaps and an elevated horizontal tail:

1. With flaps deflected, the application of power caused &
merked increase in 1lift ccefficient increment (0.16 for the single
slotted flap and 0.42 for the double slotted flap).

2. Power increased the slope of the untrimmed 1ift curves
(0.034 increase for the double-slotted-flap case).

3. Deflecting either the single or double sglotted flap
increased the stability slightly with power off.
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L, Adding the windmilling propeller shifted the neutral point
forward between 1 and 5 percent mean aerodynamic chord, Power
shifted the neutral point no more than 1 percent mean aerodynamic
chord. with flaps neutral.

5. With the single slotted flap, power was, in general,
destabilizing and the effect varied greatly with 1ift coefficient.
With the dovble slotted flap, power had only a very small effect
on stability up to a 1lift coefficient of sbout 2.3 when the neutral
point moved repidly forward. The success in obtaining power-on
stability for most of the 1ift coefficient range was attributed to
the tail being out of the sglipstream.

6. Elevator effectiveness was adequate and normal with flsps
neutral end with the single slotted flap. The stabilizer nose
slot, wvhich was open with the double slotted flap deflected, caused
a low elevator effectivensss.

T+ The stabilizer nose slot delayed the tail stall with the
double slotted flap. Forward center-of-gravity travel would be
seriously limited, however, even with the stabilizer slot open
because of excessive tail loads required for trinm.

8. A larger tail volume would provide a more satisfactory
control for the particular airplsne model, especially at the forward
center-of -gravity locations where larger downloads will be required
by the tail for trim.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Lengley Field, Va. , October 29, 1946
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APPENDIX

METHOD OF OBTAINING DYNAMIC PRESSURE AND DOWNWASH AT THE TAIL
WHEN THE TATL LIFT CURVE IS NONLINEAR AND DERTIVATT(IN

OF NEUTRAL-POINT EQUATICN

Tabular procedure for determining qt/q and ¢ .- A gimple

and camnonly used method for obtaining-the effective dynamic-pressure
ratio qi/q, esvecially when isolated-horizontal-tail data are

lackirg, is as follows

0
Q-f di . 1t2 K 1t
= =/ d.c \T 2= C X \.‘l (Al)
g ( _E) {ul] le \‘ '
¥ di i 44 i
\ Ymax t Y1 /max
ac '\
vhere | 1) ig the maximum value obtained by use of propeller-

dl
\ Y max
off stabilizer curves (propeller-windmilling stabilizer curves may

be usad.in the absence of propeller-off data). The value

acC,,\
of (\-.Q! may be estimated from the slope of the tail 1lift curve
di

t/max

obtained from tests of the isolated tail or estimeted from the
aspect ratio of the tail. The effective downwash angle ¢, In the
absence of isolated-horizontal-tail data, may be obteined from the
following equations:

C.
mtl le '- Cmo
a, = (a2)
T . dG, Cm2 - le
di 1 =4
Ve T
€ wa +t 1 + - Cf't | (A3)
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When this method was applied to the present model, the agreement
between qt/q and € obtained by surveys made with pitot-pitch
tubes end computed values of qt/q and € was found to be very poor.
This discrepency was traced to the fact that the slope of the tail
1ift curve wes not lirnear, especially with the tail slot open
(fig. 26), ac was assumed with the foregoing method of couputation.
In order to deal with this sgituation & method of computation was
developed for which good agreement was obtained with the surveys
(fig. 19). Tn addition to test data obteined with teil off and with
two stebilizer seitings, test data are required of the tail 1ift
coefficient against teil angle of attack.

At any one angle of attack the pitching-moment coefficient Cm

provided by the tail is a function of the tail volume Vi,  the
effective dynanic~precsure ratio g¢./q, and the tail 1lift coefficient
CL . This relation ig expressed as

%

(0 = - C
Mg le Mo
1

il
!
L_‘O
|
<
o

from which

1}
{

. Cth/vt

Ak
Lo ac/a i)

Likewise, at any one angle of attack, a change in stabillgzer
Incidence will result in a change in tail 1ift cosfficient ACLt

and a corresponding change in pitching-moment coefficient ACm, or

AN w0 =0
n T G

. Y
= «ACE Ty
P q v
from which ’
q TAL Y
= o Yk (85) :
q ACL
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where

HLCy = C - C
Lt Ltﬁ LJC:L

When the isolated horizontal tail possesses a constant lift-
curve slope, the effective dynamic-pressure ratio qt/q may be

determined directly by dividing both sides of equation A5) by Al
end transposing; thus

dCp /ad
t m t
9 "% )
Ly
e T
Aoy t

where dC,/diy is determined from stebilizer tests and dCLt/dat

is determined from isolated-tail tests. Equation (A6) is an
improvement over equation (Al) but is based on the assumption that
the slope of the 1ift curve is linear throughout the tail-angle-
of -attaeck range. In cases where the horizontal tail does not
possess linear lift-curve characteristics the solution is not so
direct. In attempting to use equations (A4) and (A5), the tail
volume vy may be obtained from dimensions of the model,~and the
values of AC, end Cmt may be determined from the wind-tunnel

data at any one angle of attack; however, three quantities remain
unknown, namely, the related values CLt’ ACLt, end g,/q. Since

there are only two equations, a direct solution is not feasible.
The following successive approximations are therefore made:

{1} Ir Vi Cmt’ and AC, have been obtained for some cne

angle of attack, a first approximation of qt/q is obtained from
equation (A6) by using an average value of dCLt/dmt from isolated-

tall data.

(2) Upon substituting q/q into equation (Ak), solving
for CLt , and referring to the isolated-tail lift curve (fig. 26)
Al

to determine the corresponding tail angle of attack a., the tail
angle of attack at it2 may be obtained from the relationship

mta = mtl + (ite - itl) (A7)
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(3) By referring to the isolated-tail 1ift curve, the value
of CLT that corresponds to iy is determined; the evaluation of
2

is then made possible.

(4) Upon substituting the value of Ath into equation (A5),

the value of qt/q is obtained. If this value of qt/q is

numerically equal to the value obtained in step 1, the effective
value of qt/q has been found.

(5) If, on the other hend, the valuss of gq,/q are not in
agreement, the value of qt/q found in step 4 is used in repeating

steps 2 through 4. A more rapid convergence is sometimes found to
occur if the average of the last two values of q+/q are used for
the next approximation.

(6) Stops 2 through 5 are repeated mtil two successive
values of qt/q are in agreement within the accuracy of the data.
The effective dynamic-pressure ratio has then been determined.

(7) When the effective dynamic~pressure ratio has been

deternined and the value of . can then be obtained from
=l
figure 26(c) the downwash angle is obtained from the relation

Table III presents a solution for qt/q and € for one

down and power on. The pertinent aerodynemic data are presented in
figures 11 and 26. The procedure for obtaining additionel data
necded to dstermine qt/q end ¢ is illustrated in figure 30. The

initial approximation of qi/q Wwas obtained by using squation (46).

Graphical procedure for determining qt/q and €.- The use of

2 tebular procedurs such as exemplified by the illustrative solution
of table III will be found rether tedious when a renge of angle of
attack and flight conditionsis being investigated. In order to
reduce appreciably the time and to simplify the solution to some
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extent, a chart has been prepared for determining the values
of gi/a end tail angle of attack graphicelly. This chart,

shown as two separate parts by figures 31(a) and Sl(b), has been
found to be very effective when placed side by side with the
families of curves laid out to about twice the scale of figure 31.

The family of curves in the upper part of figure 31(a) is the
graphical representation of equation (Ah); the lone curve in the
lover part of figure 31(a) is a specific isolated-tail 1ift curve
for the model in question. The family of curves in figure 31(b) is
the graphical representation of equation (45).

In order to uee the chart it will be found desirable to set wp
a table such as table IV in which the first seven colums are the
samne as those of table ITI. For a given angle of attack, horizontal

O, AC
reference lines corresponding to the values of —L end B
Vi g

given in table IV should first be drawn as shown in figures 31(a)
end 31(b). These two lines form the reference lines for the
successive approximations for the model angle of attack concernmed.

By use of the model data considered in illustrating the
tabular approach of table IV, the intersection of the first approxi-

mation of qi/g (1.49%) with - (0.985) should now be located
T
b
in figure 31(&); the first approximation of CLt ig thus determined.

By projecting this intersection down to the isolated tail 1ift curve
end using a specially devised cardboard or celluloid scale (shown
in fig. 31)having sidss at right angles to each other and graduated
to conform to the ordinates and asbscissa of the 1lift curve, the
value of aCLt (0.403) resulting from Al (8.3°) (see fig. 30) is

reedily determined (fig. 31(a)).
At the intersection of this first approximation of Ath (0.403)

with n (-0.496) in figure 31(b), the second epproximation of qt/q
e

may be read from the bottom scale. Since this second approximation

of qt/q is not in agreement with the first approximation, the

entire procedurs is reveated as many times as is necesgsary to obtain

agreement between two consecutive values of qt/q. When the

procedure is continued, the last value of q4/q obtained should be

used for the next successive approximation. Although figures 31(a)

and 31(b) merely show by means of the dashed lines the work for
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obtaining the second approximation of g,/q, table IV gives the
successive velues of q./q and ACp, obtained as well as the

final emswer for -q,/q end ¢. The valus of ¢ is obtalned

fron a,, which should be read from the teil 1ift curve
(fig. 31(a)) during the final approximation.

The solution of qt/q in table IV 1illustrates the discrepancy

resulting from the use of the approximate method formerly used to
obtain qt/q by assuming & linear tail 1ift curve. The present

rofined method gives a value of q,/q = 1.115 (column (19), table IV)

wvhereas the approximate method gives a value of qt/q = 1.494
(colurm (7), teble IV) or about 38-percent error.

Comparison of the tabular and graphical procedures for
determining qt/g and €.~ The graphical solution as presented

provides a very good degree of accurecy. Comparisons-between the
tebular approach, such a&s teble III, and the graphical approech
to the solution of qt/q end € at the tail for various models has

shown consistent agreement through the second decimal place. The

use of the graphical avproach pormits a better than 60-percent saving
in time when compared to a tabular solution using a slide rule, and
about a WO-percent saving in time when compared to & tabular solution
using a calculating machine, particularly when the tail 1lift curve

ie nonlinsar. :

Nsutral -point equation.- A neutral point is defined as a center-
of -gravity location for which the curve of C, eagainst C; has zero

slope at the trim 1ift coefficient CLb. The measurement of the

Slope - Cm/CL with tail off C, gives the taill-off aerodynamic
0 by ;

center n,j; with tail on, C, gives the neutral point Ny (See

fig. 32(a).)

At trim, the wing-fuselage pitching-moment cocfficient equals
the negative of the pitching-moment coefficient contributed by the
tail. For the center of gravity at the neutral point this relation
may be expressed by

CmC . CL% (np - D) = vtbCLt (gy/a) (A9)
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The term Cme represents the pitching moment of the wing

* fueelage about the tail-off neutral point n, at trim. (This term

may be evaluated from the tail-off pitching-moment data obfained from
figure 32(b).)

Differentiating equation (A9) with respect to CL gives

(A10)

The derivatives are to be evalvated with the trim variation of TC'

with Cp. Solving equation (A9) for vtbCLt and substituting in

equation (A10) yields

ac
. Qg Lt ¢ de. \qt

¢ - e o s
2T Ly, (og = 5ip) i Tty day \ do / g

N em = S ] # (A11)
2 " a4/9 4y} (ch/dQ ¢
Solving for oy gives
i ALy, ay, (1 o o€y
i'b Aoy q K\ d&/ . Cme
n =0 = e .A.12
A ey o o) e g y i
/ | N, SRS - i
f dC;\ ’ dCL L d(qt/q)zqt/q
44 1-
\\ ddyg‘ 2,/ | AR
} =

Derivation of (&Cp/da)y .- The term (dCr/da), 1is derived as

follovs (see fig. 32(ec)):

3 = C + O
Iy = D(tail off) T4

(n - no) = CLt(lt/C)

C
L(tail off) " P
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/

n % 0
Bediw i * s B2
Iy L(tail off) CL(tail off)\\ 1./c )

n. (2 n.
o et 1 Ralia R
Iy (tail off) /e

ELE AN
( aCy, \ Y rail off) g no)
- ~ T

&
cowromm | g e e i o et s - |

i

\ dmx% Ger \ 'lt/c

In order to use the preceding equation, the neutral point must be
mown .
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TABIE I

MODEL WING AND TAIL-SURFACE DATA

2T

Horizontal Vertical
Wing tail tail
Area, sq ft 9.440 1.920 1.250
Span, ft 7.458 2.542 1505
Aspect ratio 5.91 3.36 1.81
Taper ratio 0.445 0.438 e
8Dihedral, deg 5ie 8 TRl I e
Sweepback, quarter
chord line, deg FrOF Ty -l s e e MR R =i i
Root section NACA 2215 Clark Y (inverted) NACA 0009
Tip section NACA 2209 - | Clark Y (inverted) | NACA 000k4.5
bAngle of incidence
at root, deg 1.00 =1 S3Nor T -1.50
bAngle of incidence
at tip, deg 1.00 =1,3 or -1.50
Mean aerodynamic center, ft 1936 " o T ke L R e
Root chord, ft 1.80 1181 1,272
Theoretical tip chord, ft 0.8 0,500 | eeee-

8Dihedral measured with respect to chord plane.
bAngle of incidence measured with respect to fuselage center line.

TABIE II

ATRPIANE CONTROL-SURFACE DATA

Elevators Rudder | Flaps

Percent span 99.5 99.1 93.0

Area behind hinge line, sq ft 0.621 0.506 | ----

Balance area, sq ft 0.131 Minimm | ----

Root-mean-square chord behind hinge line, ft 0.264 0.353 | ==--
Distance to hinge line from normal

center of gravity, ft 3.721 3,611 | ----

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE III
PROCEDURE FOR DETERMINATION OF EFFECTIVE DYNAMIC-PRESSURE RATIO AND

EFFECTIVE DOWNWASH ANGLE AT THE HORIZONTAL TAIL OF AN AIRPLANE MODEL

Configuration: Double slotted flap deflected and power om.

- - - - . 0 - °
a =0% v, = 0.532; 1‘1 1.3%; 1'? 7.0%; (da.

ac;

) ome
t /om0

Aerodynamic data obtained from figureas 10 and 11.

Initial .:_t value epproximated from (.q_t>

1/1 -"(l.—'zi
a=0

=

(2) (2) (3) (%) (%) (6) (7 (8) (9) (10)
AC. c"’l
- Omy Cnp Cug i3 ~ (;:1)1 ey [ oh “tp
fyy = 1| g, 70° | matrore (=B 1 L) {8 [T (g) 4 (1y, ey
[ -0.317 -0,581 -0.841 -0.496 0.985 1.h9% | -0.659 -9.88 -1.58
(11) (12) (13) (1%) (15) (16) (a7) (8
at)
e | ) | (] m | = “ W, | Eu
From : § From tail 15) i - 1)) From tail 1
c\u'::1 =15 -% -{%T curve ¢ £ te 1 curve an ()
-0.256 0.403 1.231 -0.,800 -12.58 -h.28 -0.360 0.440
(29) (20) (21) (22) (23) (2k) (25) (26) (27)
9t a4
(T)a c"bl %41 “ta c]‘t,e (MI‘*)B <T>A CLey *t
6 1 From tail
By |-y [TEmER e s (-t | TEEY en -0 | -y | -8By [T
1.127 -0.87h -13.99 -5.69 -0.432 0.kk2 1.123 0.878 -1h4.02
(28) (29) (30) (31) (32) (33) (34) (35)
4
2 CLe, (M‘-f.)u (%)5 Ly %ty %, ‘L,
@D + (o, - 1e) | BB | (20) - (26 | {85 [~y | Tomeat | 39+ (o - te) | Tomeve
-5.72 ~0.434 0.hkk 1.117 |-0.88 -1k.05 -5.75 -0.437
(36) (37) (38) (39) (:0) (41) (42) (43)
q
t
(ML"')S (%) 6 CI*I il %2 Lt (M"t)s (9 7
From tail
- | - |-Ey | TmEt | 69 s (g - 1y pacihes oy - (38 | - {8
0.445 1.115 -0.883 -14.07 =5.T1 -0.438 0.445 1.115

9
Effective ': = 1.115, since ay = -1h.1

E'“"’tl'“‘tl

=0 - 1.3 - (-2%.1)
- 12.8°

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV
TABLE FOR USE WITH THE GRAPHICAL SOLUTION OF EFFECTIVE DYNAMIC -PRESSURE. RATIO
AND EFFECTIVE DOWNWASH ANGIE AT THE HORIZONTAL TATIL OF AN ATRPIANE MODEL

Configuration: Double slotted flap deflected and power om.

ch.t
o =0% v, =0.532; 1, = -1.3% 1, = 7.0°%; -—> = 0.0k0
e 1 e " \%% /om0
Aerodynamic data obtained from figures 10 and 11.
ac
n

a4 9 m

Initial = value approximeted from |—t = . T
q qQ/1 o __I.
tlda /amo0

(1) (2) (3) (%) (5) (6) (7 (8) (9) (10)

:
|

a0 my q
a le Cm2 Cmo 't = (

'it')l (m"*)l (%t)g @0192

0 |-0.317 [-0.581 [-0.841 | -0.496 |0.985 | 1.hok | 0.403 |1.231 | 0.4ko

(11) (12) (13) (14) (15) (16) (17) (18) (19)

() €9 B[ | |06, | =] )

1.127 0.442 1.122 0.hkh 1k b by 0.445 | 1.115 0.445 1.11%

q
Effective — = 1.115, since oy, = -14.1
q

€ = q + 1t1'°‘tl

=0 - 1.3 - (-1k,1)

= 12,8°

NATIONAL ADVISORY
COMITTEE FOR AERONAUTICS
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Geomelric characteristics

Wing area,sg ft . . . . . . . 944
MACS 1. L e .
CQ.(percentMAC) . . . . . . . R6.70
Wing sectron
MO -t e NACA RRIS
v/ NACA 2209
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 1.- Three-view drawing of model as a low-wing airplane. All dimensions are in inches.
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Figure 2 .- System of axes and control-surface hinge moments

and deflections. Positive values of forces, moments, and
angles are indicated by arrows. Positive values of tab
hinge moments and deflections are in the same directions
as the positive values for the control surfaces to which
the tabs are attached.
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Minimum
balance, Elevator area, sqft........ 0.621
Elevator rms chord, ft...... 0.264
Rudder area, sqft......... 0.506
A Rudder rms chord, ft....... 0.353
Horizontal tail area, sqft.... 1.92
) Vertical tail area, sq ft 5
Elevator span, ft...... oI
Rudderispan; B oo o ow s . .
SecTion B-B (NACA 0009)
SecTion C-C (NACA 0004.5)
Hinge

8.55"~ —

A
r‘—T——J. 15— J

1.29 7
010°ga
20N (755 Model g P
3 A3 //'

R

Vertical tail

3

Section A-A

(Clark Y) Horizontal

17.08 toil

"

3 18.24

15.36"

863"
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Figure 3.- Model tail assembly.
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Figure 5.- Plan-form and blade-form curves for the model propeller.
D, diameter; R, radius to tip; r, station radius; b, section chord;
h, section thickness. RAF 6 airfoil section.
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model of the low-wing airplane tested., D = 2.0 feet; B = 25°,
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Figure 13.~ Effect of removing flap sections beneath fuselage on the
aerodynamic characteristics of the model as a low-wing airplane.
5f2 = 309 6, = 0%; i, = -1.3°; propeller windmilling; tail slot



\ 5 240 ; W/s \ W/s - Wi
| K. 240 = (b/sq ft) oS (Ib/sq f1) : (1b/sq 1)
=200 = e .
§ 150 16 = % 0
\ N =t B 0 /
£ 1 P OE /00 \ oL BCTE R
S [0 g O ~LITERL 6 ] == 100 = [ L T
el gy = ~ i e | -— e P~ | e o
g o0 e T PP e
S 40 | M | el e
| sy ]2 | - : l
) =0 (1 Flap neufral Single slotled  flap Double 5/0/7‘ led flap /
AT O WO for i W/S for
| 10 1 V5223 fp5 FTR0- V=25 fps >
§ g ] i ! | (Ib/sq#t) : (b/sq#t) 4
s ) - TRy
B — lI WS For Eslimaled for R,=8x10 - 40 Pl 160 2
T T i L
| S 7 /\/52251‘,05 ; H f 707 60 Fower off {717 I
| 8 6 CHHHHle Byl AR
| < 5 40 L1100 -
| PR 60 VARV, Y4 P, /ﬂ//
‘ SRERE 100 7 ,
3 \Power off Ty Fower off. ST =
: . 9% ; % \ ] P .ﬁf
1= i 7
1 Zan Zam i Z aunp
. sy E < % ;i = ower on
e Lol Lt e s
| -1 Power on Power an = i
’ 0 8 B. 24 0 8 6 24 32 8 6 24 32 40 48
. C/_ al Cm =0 '

' Tigure 14.- Effect of power and flap deflection on the landing characteristics of the model as a low-wing .
‘ single-engine airplane.

e . . ' .

$1 314

62T 'ON NI VOVN




Flap neutral
———— Single slotted flap
—-——= Double slotled flap

Scale Scale Jeale

N 2 w5 18 1/‘4 15 1/8 w15 1/8
\%' J [ IJ, /

S /1T I/ 1y /

“150 / / 7 )% L -
9 ' A il A
§12 N A /1 LT aPs BB -

< V/ / & ,)//‘ d : L=

§ 80 E /L'/’/ T

40 1

Ny

0 1 2 =7 1 1 2 S O ] 2 3 4 50 7 8 9x/0°

7-/)/ ust horse power NATIONAL "ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 15.- Effect of scale and wing loading on the power required to maintain an indicated rate of descent
of 25 feet per second at 0.85Cq,

max

for the model as a low-wing single-engine airplane.

6621 'ON NI YVOVN



Fig. 16a
Q.
3
50
b
A
Y
~ £5
EE 10
S R
g -~
S 30
QB =
ng
NES
1": Z
58
N Q
S

Jo

40

Jo

20

Jtlck ~rree peutral=point
location , D percent MAC.

Figure 16.-

NACA TN No. 1239

|
\
|
\
|
M~ G L‘ g — {
R = |
S |
|
[
\
|
|
|
Flap 7ail slot q
————— Veutral Filled
———— Single slotted  Frlled |
— Double slotteqd Open |
|
|
|
|
i
\\\\\\‘ e g e e e e |
TN —t \
|
|
NATIONAL ADVISORY ‘
COHNIT[TEE FOl!l AERON[AUTICS {
0 4 8 /2 /6 20 24 2B |
‘
|
|
|

LIt coecrticlent , Cp

(a) Propeller off.

Effect of flap deflection on the neutral-point location of the
model as a low-wing airplane.



Fig. 16b

NACA TN No. 1239

88 R

OVYW w9odad Ay ¢ «¥0/2020/
UI0d [04203¢ PIX/L- ¥ I¢

Tail slot
Filled
Filled
Open

Fla
Ne Uﬁm/

——— J/ng/e Slotled
Dogble slotted

S
o
®
Ad
]
z5
-
22 N
mu ad
28 .
Zw g
ot 18
i3 & e N =
o C ey m
| B
\ e
S 8
[ o e B
e A
~ () &
[ Q 2
| =g
e o o
| Ay e
. o
+
/ Q
1 = o
I
1
i
X
J
£
.
/
)
Q S
~ o

oYW qw9215d Qy 1012020/
20/0d (DAY 2317-3/2/2C

Continued.

Figure 16.-



NACA TN No. 1239

Fig. 16¢c

= =

Filled

Tail slot
Filled
Open

~N——

Single slotted

Fla
A/euh}%/
Doug/e slotted

60

S

>
VW 4
Jf

=)
~~

20.5d

L) S QS
) Q S
oy “uolbooy

J0LLNoU  PEXIL YIS

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

{

{

—1

1

1

t—

S () D

- o o N
W JuUzostad ‘¥ ‘waliboof
uroa [oihall 784  -4alLS

20 24
Lift coefficient C,

16

174

Power on.

(c)

Figure 16.-

Concluded.



NACA TN No. 1239 Fig. 17a

14
<
g 350
Q
L S )
o i 3

Y
2e i
S Q - g oo e o)

- \-L Y
Lo J - 18 \Jr\ - Lk o
o B
ol
;5
x o 30
99
A
)
n

““““ Propeller off
— —— — Propeller windmilling
Power on

Q
’E‘ S
‘a§ 50
Qs
-
S o
ooy
€S "
N - 0 v
. 5
© QQ Bl ST |

~ \
Ne e [
N O -\“1 A
) S
R 30
S o NATIONAL ADVISORY
S0 ICOMMITTEE FOR AERONAUTICS
v Q dl [ Tk

@) 4 .8 12
Trim 1irt coefficient, Cy,

(a) Flap neutral.

Figure 17.- Effect of power on neutral-point location of the model
as a low-wing airplane.



NACA TN No. 1239

Fig. 17b

e

Al

1

NATIONAL ADVISORY
ICOMMITTEE FOIII AERONAUTICS

|

{w))

=

&
=TS
Q=

B3
rro
2o
e
YV g M
S,
Lo g
A A
I
=
-
|
|
J el

N
=T

Q ) Q
(9] Ay e

VW 2usa4ad ‘duuoriooo)
quiod-o43nau paxij- 4 alys

S O IS
™ N = O

o'W quaddad “du‘uoiapoo)
aulod-|0iaNoU 984)~ 42128

24

L2 16 2.0

7rim /iFt coefficient, CLb

8

(b) Single slotted flap.

Figure 17.- Continued.



Pig. 17c

NACA TN No. 1239

f ]
, i
| - ﬁ
=4 Lt £ ; et d
| o = e e
N\ g \_ﬁﬂ
) _ o
: £ _ %
/ . (| 53
TR ; > &
= 0 ] 5]
QY o X 28
Q
ey ; 8 i
A~ O | Mﬁ
OIPP. | zZ3
o
B | -
_ h [
| |
|
ol e
)
| A
S S o S S ) Q S
w0 ~ ™ N 10 ~ g Y

"IVW tvao4ed ‘du'uoizoooy

quiod- 0N U PIXI[-Y212C

"2'VW uao43d 'du b yosypo0/
jurod - joagnau 2344- Y2128

2.0 24 2.8 32
Jrim [ift coefrficient, C/_é

16

/2

(c) Double slotted flap.

Figure 17.- Concluded.



ZO Flap
Q —— — — Neutra/
R é e Jingie. = lotteo
S ey 10 | ————— Double slotted
G >
)
% o
o
} Ny
g x O B 5 o S
U © L em— — T T
R
oo \ :
L —
~ ™ \\ s ] \
1
S 0
g o \
1
O
£ Y
0
- 20 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS |
| |

0 o 8 /2 /.6 20 24 Vel

Lift  eceefficient ,Cy

Figure 18.- Increments in neutral-point location due to power of the model as a low-wing airplane.

QT "31L

62T ON NIL VOVN



NACA TN No. 1239 | . Fig. 19a

Vg, percent M.A.C.

2%

7

Effective tail-off aerodynamic-center
location

Flap
————— Neutral
=== Single 3lotted
Double slotted

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

D
)
li
|
i
|
|
l
|
|
f
|

Trim lift—curve Sipe , ([t /b)),

N

0 e 8 /e Lo = & o 2B
Trim it coefficient, &

(a) Propeller off.

Figure 19.- Effect of flap on various longitudinal~stability parameters
of the model as a low-wing airplane.



NACA TN No. 1239

Fig. 19a cont.

2.8

—~—c

44

’\
NATIONAL ADVISORY

COMMITTEE iOR AERONAUTICS

—_——

Fla
Sl /Veuz'f;a/

- N
RO
/ (AR
s = |
Q rm 0 B =
Sy \ o 2 |
o ~ (< Q
el & s |
Q + %) o
ﬂm Q 9 s |
5 \ M Q O o ,
mm \ L \nﬂ )
S >~
& | t =
By Bl s
_ =

Q = QW)
| I

%o o150 onuoUNOOL
HO-11BL  PM24D Y LIIOQO LUSIIJEO0D LUBUOU ~BUIY24 (S

o SR TSRS B oGRS RERES
TS (LSRRI AR L SR S



(9012224)9) B3 3 Ysmumap 10 /oLy

b/ 78 orpos a4nssaid-onuoulg

Fig. 19a conc.

Q Q Q As N € = SN
T N
3 o
\ 530
—N an
\ / L LR Q
W\ Il \[ | |*8
//V ~ \ O
1Y / ot
% . \ j 2
-
LY o e P
N\ =5 N 7 7 N
\ o | [l Ly
/—\V L
\ RN | * 7
M, QS e I _ Ay -
S383 [ _, N | )
o T E/Nv/uD _4 Jq 1 “
Q \ ! _ ! 1 |
— I _ | _ R
o et o] ! ! :
2 W | _ |
X | I 1
£ S
= > o < Q *
z 90/ 34 [720/® *e]

Trim /iFt coefvicient, Cy,

Concluded.

(a)

Figure 19.-

Continued.



NACA TN No. 1239

Fig. 19b

VW 2u9243d “uy ‘ualirooo
ADLUBD~ DJUIOUAPOUZL  4/O-[10f.  INLI2Y ST

Q
g S

I

.

=

e \
R\w

Fla
———— Neutral

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
TS

—— Jingle. $/oited
Double slotted

08 =l =t

= 3

Yoo [ Tor) odoss anmo 44y Wil

16 a0 A 28

77im liff  coerficient ¢,

12

(b) Propeller windmilling.

Continued.

Figure 19.-



Fig. 19b cont.

NACA TN No. 1239

i 0

1 1

24

—

Fla
s e ek e /Veutea/

¢
m:
v aw
\\ UMI
\ | £
2 -
£ £
zZx
B ] \ 8
eM ’
S8 _\ o4
L
n K \
/s
LY :
aQ
S3
Do \

S

HAO-/1PL

T S PRy WL L e B g

Ut o U0 wpMpOsIP0
N[fDD)JD UL LNOQD LUSIDLIP0D LUSUUOL - BUIY24 I

28

20

16
7rim it coerficient, G,

12

Continued.

(b)

Continued.

Figure 19.-



NACA TN No.

Fig. 19b conc.
/6
//
/%/
A
/
o ’
§ o ,/
1~
T -
)
~
(0]
8
T
é 44_—~—_—_—_C,‘-‘>'4 \\-—-—-— T
e : A
()
° Flap
ol ————weutral
——Jingle slotted
Double slotted
L2
b
P
P
~ ™~
RN N S T B N 15
% \\ 5 />""/
N B NATIONAL ADVISORY
Q‘j‘ P COMMITTEE FOR AERONAUTICS
Q‘ 5
O 4 .8 L2 LO <0 P 25

7rm It coefficient, €,

(b) Concluded.

Figure 19.- Continued.

1239

€ geg

Angle of downwash,
reffective)

Dynarnic -pressure ratio, q ; /q




Fig. 19c

NACA TN No. 1239

DWW weo42d ¢ Pu “uoiyvaoy

ASJUBD-21UDUAPOIID  J40-)IDf N [9344F
Q ) Q Q
X o N =

\

[

Q
W N
N
Se N
i
3w
rE Q
i3 o
S
R
d %
Uy |
xR | N
Q =
53 |
= |
YL
QR 39 i Q
IISS /
/0&./0
FN.JD |
_ _ |
_ =+ R
| :
e Q
= N

D(op/ Top) odois NN —fH - Wid/

Trim [ift coefficient, C m

Power on.

(c)

Figure 19.-

Continued.



Fig. 19¢ cont. NACA TN No. 1239

Flap
= Merivn |
—— Jlhgle slolted
Double slof fed

0
Q
(1) S T e
N =
L
o \B)
St
Q O =2
N ]
Q
~
S &
v (s
s < “.3
S
S
S Q
¥ 3
0.8 g T 3
G W\
S P
¥ N
S5 =0 N\
S ~
\ - \
P \
Q Q \
T B
i \
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
-1\9 ! 1 1
O 4 B 12 /6 2.0 R4 R.8

Tritn (it coerficlient, Cuy

(c) Continued.

Figure 19.- Continued.



NACA TN No. 1239

Fig. 19c conec.

16
//; 1/
VA = )
7 5 3
Az §3}
P 1 € 3
2
= N
/ 4
5%
12 A it
L)
W g
7 \ S
/
g 8 7 9
S e e o ke SIS
o R =
L 4 ) . Lo
T o>
o /‘/‘:r/om surveys 8“
a
0 = ~/Veu/7?ra/ /6 S
— — Single s/otted
Double slot ted N
9 == -l
L == Sl ] —’Q“"—t—/‘;—" © ) g
o
4 1 = 8 §
~ W A 3
20 A — 3
§ L
\‘“ ~ NATIONAL EADVISORV
%‘-‘ _4' COMNI‘I;TEE FOﬁ AERONLAUTICS
L2
O 4 8 0= 1.6 20 R.A 2.8

Trim Jift coefficient, C, b

(c) Concluded.

Figure 19.- Concluded.



NACA TN No. 1239

Fig. 20a

W €150
IHUDUDOAID 440-(1TD 3NI[I3443 Y

1N0gD  JU3I214430D  JUdWOU-BUIYIll~

T
2
4 = r
EE 3
s |
mw %] ,,
VW quesasd U ‘uoipoo : o |
13[U2D - JUDUAPOLIID  44O-(1Df 3A[12I)4T o " m lm. |
o (@} Q = .mo.m r
™ AL ~ /:._D il m o 7
QS Q .op.m/._ = m |
s |
S ' 8 |
S ~ 59
l : ug o Fiiel
‘ : Om; _ & . [
f $39 8 § .o BErad
AR £ 5
: 1] R & 5 23 )
RN B == m Y2
~ DMMDO, 2 B o g
| \ | [ L g B9 |
G
*_ “ _ Mm S
| / _ | ©
-+
o © < Lo
TN =R
£ = gd
Y200/ Top) odoje anamo jp wids g &
3
|



NACA TN No. 1239

Fig. 20a conc.

CLEIVE)
bap ¢ 3 ‘ysomumop o S/buy b/*b olpos aunssaid onuvusg
b, © < ) < - = Q
|
©
\ ] 28|
X gt it
o ISl et
/ | LS Q | |EE
\ ! L | %%
\ ] &8% B
PSS _
\ TXQ ! |
\ _ X
AN | ! "
4/ | : _ I [
\ __ | _ S
© < o < Q X
20p/3p Thon/d/ ]

Trim lift coefficient, C; .

Continued.

Concluded.

(a)
Figure 20.-



NACA TN No. 1239

Fig. 20b

VW 2u9249d ¢ Pu ‘uolpool

ASYUSI - IUIDUAPOLISTD  44O-/ID) SNI[I344T

|
|
|
|
S S =
3 % « 2 |
B |
L— \ %
L .n\u.N
x“\ / MW m Q 5 ; r
\\ \ / x S8 5 LS 3 |
7 - a7 = |
1/ 1/ [ - PR
, F 2§ 2 £ N g
"1V [/ B R
Wil \ " & Q) 7
] s i
/ \k Q . Q A L 7
/ > _ ¥ 8 Hoog
4 L KIBS Il &~ 2 o
\ y Q33 ] Q T
! n <
17 _\ L &0 : B M 7
L:\ H D_/WD, m m \kW 7
|
% |
_
_ _ |
_
Q |
P Q
S 05 o e S 7
=]
W C1ojus0 2AWDUAPOASD om»ob\ G& “ 300/ INAND—JHl|-Wid [ 7
|

FLO-[IDL 341[28442 Yl [hoqD
JU3I0I44800  JuSLIOW -bBUIY 2]l



NACA TN No. 1239

de /de

(Ha./ 9>/ a’CJb

BN

L2

o

|
=
’4
o
> //
F /)///
Z
==
// \
=AY
B SR

Propeller off

— — Windmilling

Power on

8

B

a

NN

~N

—

[ A

oA

~

NATIONAL ADVISORY

COerTTElE FOR AI!RONA‘UT ICS

A

el 1.2
Trim lift coefficient, C; b

1.6

(b) Concluded.

Figure 20.-

20

Continued.

=
()

>
ae
7T

h2

Fig. 20b conc.

ccgt ve)

E
G

Angle of downwash,

Dynamic pressure ratio, G./q



DWW pu2242d ¢ °u ¢ uolypaof

Continued.

Figure 20.-

(o2}
m ABYUSO - IUDUNPOAID  440-(ID) AI[2944T
. Q (@) (@) ()
©) ) o) X b
- O
Z ™
T > ml @) *
m Y 3
<2l ™ I
& 7 2 g Q o
L~ 8 &1 ) S
oS L
\t\ \ I 4 ol +m —
T S L e
[y S0
o>
\\ . E | N $ &
J RS \ ! Q =
W\ > 8 N \ I \ O o)
I Qs ¢ i S &
Kﬂ / Drlr'm S ( __ X rm Lnlu,
| / @
K 7 . _ t _\A 8 m m
F /1 ! _ / _ N o
Z ~ _ i = A
_
X °
© N © ) N © <
> X R g ~ D) Q
PW o Ysjuzo uDUAPOIED Urop/ Top) € adae anins-4py widy

FFO=[1Df NII2344d dYl [nogD

)
w LUB12(44300  JUuIouw-buly2/
&0
B



NACA TN No. 1239 Fig. 20c conc.

20
b g |
i |
16 VS |
- ‘
47 2 J

N\
\\

Angle of dqownwash, €, de
(efrec ‘i

LR /.6 S0 NAe; 2. BT ag
Trim [lift coefficient, C; b

4
8
3 =]
SN
E 4 Sy ]
W ~ 4
i N
0&: |
L i Fropeller off |
— —— Windmilling i)
——— Power oh 16 5 |
°© From surveys i 8 |
i |
3
T %3 |
— & |
i U
2% |
g |
E J \
Q
~ 2
|
oo —F— el § |
& ‘r\tF;~ ey i el B
\\y |
& COMMITTEE FOR AEROMAUTICS |
Q -—4 L iy 1 15 ‘
|
|
|

(¢) Concluded. |

Figure 20.- Concluded. |



Fig. 21 NACA TN No 1239

J //___\
=
0 o +———+— \~
¥ i = S SN S (NN I
E
Q -/
<
-R
Flap Tail slot
————— Neutral Filled
=== SIneles Slelleds flled
———— Nouble sktiled Open
20
T~
10 &
L A
—— 4 —t— 1 —— :
NATIONAL ADVISORY
Q COMMITTEE FOR AERONAUTICS
e
§ 04
iy
% S e o e et [ i B =
g 0
o A4 8 L& 1.6 2.0 24 28

Trim lift coefficient, C; i

Figure 21.- Increments in longitudinal-stability parameters due to
power of the model as a low-wing airplane.



NACA TN No. 1239 Fig 21 conc.

4
11 _T= 9 0
w
U
-4
8
™
~ 4 / \
3
3 EES -
% 0 — i /7 i =
-A
A
i i RS 3
g - —r = 0 \
<
Flap 7all slot i &
————— Neutral Filled i
— —— Single slotted Filled
————ouble Slofted Open
4
e ) o TRy
g — = A
> o0 AL 4
~
&
‘% ” COMMITTEE FoR ACROWAUTICS
0 A 8 L2 1.6 2.0 R4 28

Trim liff  coefficient, Cp,

Figure 21,- Concluded.




QAiGs < .
Wind ST

S L 7

E B I
si e e 1.2

| 4
N TS

= e

12 ?
R N Y N 1 16
8 12 16 20 24 \

|
4
Scale, inches

NATIONAL ADVISORY
COMM|TTEE FOR AERONAUTICS

(8) o = -8.9% C = 1.56; 6 inches right of center line; T ' = 0.26.
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Figure 28.- Effect of elevator deflection on the aerodynamic character-
istics of the model as a low-wing airplane with a full-span slotted
flap. o, = 30°%; i, = -1.3°%; tail slot filled.
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Figure 28.- Continued.
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Figure 28.- Continued.
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Fig. 28c
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Figure 28.- Continued.
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Figure 29.- Effect of elevator deflection on the aerodynamic charac-

teristics of the model as a low-wing airplane with full-span double
slotted flap. B o= ﬁfz = 30% 1, = -1,3% tail slot open.
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Fig. 29b
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Figure 29.- Continued.
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Figure 30.- Effect of stabilizer setting on the aerodynamic charac-
teristics of the model as a low-wing airplane with full-span double

£ s o) 1 0. Lo,
‘\ slotted flap. 6f1 =- 30" 6f2 = s 6e = 07, power on,

i . (Illustrative procedure for obtaining data for determining at/q
| and € .)




Fig. 3la NACA TN No. 1239
%/q
9 10 1] (21314 1618620 24 0
8 SONWN \| RN Rererenc e line :
AN
- 8
AN
6
A
s
\k \\\\ Y,
e \\
| N \§¥ &
|
| 0
: I
A < : NN\ o
. ' N
|
20 -/
e MMk
-/6 i == N\ ‘.6
e \ \ \\ N
e o T_E \\ N = -8
8_
'8 \“:% o \EATNEN \ X \\'8 /0
+7 24 2018 16 ;4/3/2 1770 9
4—' o
O_E'llllllllllllllllI||IIIIIIIIIIIHI‘|Ibl\ll_ﬁlI | | I.lllllllllllll|ll|
Q¢ O 0 44C. 6
4 \
bol N,
/6
= T I 6 4 o 0 < 4 6 o) [0 Ve
Cry COMMITTEE FOR AERONALTICS
(a) ACLt and a; .
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The broken lines represent the

pressure ratio and effective tail angle of attack from model tail-on,
tail-off, and isolated-tail data.
final approximation for the sample solution of Table IV.
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Figure 32.- Vector diagrams used in deriving neutral-point equation.



