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SUMHMARY

An investigation was conducted to dstermine the eflect of power
and full-span slottsd flaps on. the longitudinel stability and control
characteristics of a single-engine nigh-~wing airplane. The model
combinations investigated included three power conditions - namely,
propeller off, propeller windmilling, and powsr on - tested with
flap neutral, single slotted {flap, and double slotted flap.

The resultes of the investigation revealed that deflection of the
double slotted flar produced almost twice as much 1lift increment as
did the deflection of the single slotted flap. The application of
power greatly increased the 1lift increwents and tail-off lift-curve:
slopes. The application of power decreased the stability of the
model for all three Tlap confipgvrations. Elevator deflection required
to trim was greatly increased with increase in flap deflection.

The application of pnower decreased the amount of negative elevator
required to trim the model for all three flep configurations.
Deflscting the flaps reduced the meximum wing loading that may be
used with power off without exceeding a sinking speed of 25 feet per
gecond. Deflecting the flans required an increase in power to
maintein an indicated sinliing speed of 25 feet per second at a
given wing locading.

INTRODUCTION

The development and use of high-powered engines have lntroduced
proncunced and important effects upcn the stability and control
characteristics of the airplane. Previous papsrs have sihown that
the propeller hLad some eifect on the characteristics even when in
the windmilling condition. The direct effects of ths propeller,
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uch as thrust, torque, and normal force,act on the airplane through

the propeller shaft. The indirect effects, which may be larger,

result from the interaction of the propeller slipstream with the
component parts of the airplane. When power is applied, the effect

is much greater. OSome of the effects of power are shown in references 1
and 2. Reference 1 also presents an analytical study of the contri-
butions of power to longitudinal stability.

High-1lift devices, especially flaps,also have a pronounced
influence on the stability and control charascteristics of the
airplane. TI'laps are lknown to increase the difiiculty of obtaining
longitudinal trim and stebility for all flight conditions and to
increase the adverse effects of power in many cases. The use of
more effective high-lift flaps may be expected to aggravate these
difficulties with the possibility that the flaps mey be of primary
concern as regards longitudinal stability and control.

The location of the wings alsc has pronounced effects on the ;
stability of the airplane. High-wing alrplanes tend to have more
longitudinal stebility at medium and high 1lift coefficients than
low-wing airplanes (references 3 and 4).

Up to the present time lknowledge of the effects of power on
airplane stability is incomplete and does not permit quantitative
predictions. The literature (see bibliography) contains almost
nothing on power effects with deflected flaps or with different wing
position. The present systematic investigation of the interrslated
ef'Tects of power, flaps, and wing position was therefore started
in 1941. Longitudinal and lateral stability and control data were
obtainéd for a basic model (fig. 1) with different configurations.
The present paper covers the investigation of the longitudinal
stability and control of the model as & high-wing ailrplane. It
has been necessary to limit the analysis to qualitative considerations.

COEFFTICIENTS AND SYMBOLS

The results of the tests are presented in the form of standard
NACA coefficients of forces and moments. Pitching-moment coefficients
are given about the center-of -gravity location shown in figure 1
(26.7 percent M.A.C.). The data are referred to the stability axes,
which are a gystem of axes having their origin at the center of
gravity and in which the Z-axis is in the plane of symmetry and
perpendicular to the relative wind, the X-axis is in the plane of
symmetry and perpendiculer to the Z-axils, and the Y-exis is perpen-
dicular to the plane of gymmetry. The positive directions of the
stability axes, of the anguler displacementsof the eirplane and control
surfaces, and of the hings moments are shown in figure 2.
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The coefficients and symbols are defined as follows:

1ift coefficient (Z/aS)
increment in 1ift cocefficlent due to flap deilection

glope of 1lift cwrve, per degree

longitudinel-force coeffloient (X/qS)
pltehing-moment coefricient (M/qSc’)

tail-ofi pltching-moment ccefllcient

tgil-off pitching-moment coefiiclen® about the effective

tail-off neutral point

pitcning-moment cosifl
I(/ b (.
k Ytail on eail off

cient provided by the tail

SR

elevator hinge-moment coslficlent (1{/ b

effective thrust coefficlent hased on wing area (Teff/qs)
e ‘ i Eo

torque cosiTicient (Q/pV=D7)

propeller advance-diamster ratio

vropulsive efficiency (T, ppV /'Zan)
. o K

horizontal -tall velume ccefficient (}S.tlt/;-?&c '\
1ifd

longitudinal Torce

rolling mosent, pound-roet

yawing noment, pound-fest

pitching moment about Y-axis, pound-feet

horizontal-tail 1lift, posltlivs upward, pounds

hinge moment, pound-feet
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propeller effective thrust, pounds

propeller torquse, pound~feet.

g8
2 pvz\
free -gtrean dynamic pPressure, pounds per sguare foot ~E—/

effective average dynamic DPressure at tail as determined

from pitching-moment data, pounds per square Loot

wing area (9.Wk sg £t on rodel)
norizontal-tail area (1.92 sq £t on model)
airfoil section chord, feet

wing mean aerodynamic chord (M.A.C.) (1.36 £t

slevator root-mean-square chord back of nhinge
Pk
(0.26% £t on model)

wing span (7.458 £t on model)

on model)

line

elevator span along hinge line (2.546 £t on model)

tail length measured Irom center of gravity to guarter-
chord point of horizontal~tail mean asrodynamic chord

air velocity, feet per gecond
propeller diameter (2.00 £t on model)
propeller speed, rps

mass density of air, slugs per cubic foot

angle of attack of fuselage center line, degrees

angle of attack of tail chord line

effective angle of downwash ab the teil ag determined

from pitching-moment data, degrees

angle of yaw, degrees

angle of stebilizer with resnect to fuselage center line,

pogitive when trailing edge is dowm, degrees
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o} control-surface deflection with respect to chord of fixed
surface, degrees

B propeller blade angle at 0.75 radius (250 on model)

n, tail -off neutral point, percent wing mean aerodynamic chord;
distance of tail-cff neutral point behind leading edge
of wing mean aerodynamic chord

oy neutral. point, percent wing mean aerodynemic chord; distance
of neutral point behind leading edge (center-of-gravity
location for neutrel stability in trimmed flight)

\2 i indicated airspeed, miles per hour ((3V/l.h67)

Vg sinking speed, feslt per second

74 . o - ginking speed cet ve: o 7 )
5y indicated sinking cpeed, feet per second (yﬁisj

o ratio of air density at altitude to air density at sea
level :

Subscripts:

a ailsron

b trimmed conditions with center of gravity at the neutral
point

e glevator

eff effective

r rudder

t horizontal tail

MODEL AND APFARATUS

The tests were conducted in the langley T- by l0-foot tunnel

. - ; = = e ol :
described in referonces 5 and 6. The test vody is a E-scale model

of a fighter-type airplane (fig. 1). The wing design characteristics
are given in table I. No landing gear was used for these tests,
inasmuch as the effect of landing gears on longitudinal stability

is Imown to be small.
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The wing was fitted with a LO-percent-chcord double slotted flap
covering 93 percent of the span. This flap was designed from the
data of reference 7. For the flap-neutral tests the flap was
retracted and the gaps were faired to the airfoil contour with
modeling clay. For the single-slotted-flap tests, the front flap
was retracted and faired to the airfoil contour with modeling clay.
The rear flap, which represented the flap for a single-slotted-flap
configuration, had a 25.66-percent chord and was maintained at
a setting of 30° for the single-slotted-flap tests. For the double-
slotted-flap tests, the veer flap was set at 309 relative to the
Tront flap vhich in turn was set at 30° relative to the wing. With

fleps deflected there was about 5;—3nch clearance between the end

of the flap and the fuselage.

During the preliminary "taUvs of the investigation it became
apparent that a conventional horizontal tail surface would be
inadequate to provide longitudinal trim when the dovble slotted
flap was used. As a result, the horizontel tail shown in figures 1
and 3 was designed for the present tests. (See tables I and II.)

The present norlz,ntal tail hes an inverted Clark Y airfoil section -

and is equipped with a fixed leading-edge slot. The slot had a

constant chord but was located to approximate the best slot shape
Q

given in.reference 5. For the flap-noutral and single-slotted-flap 4

stabilizer and elevator tests, the slot was filled in and faired to
the contour of the tail. The slot was left open for one stabilizer
gsetting during single-slotted-flap tests for comparative purposes.
The tail slot was left open for the double-slotted-flap tests.

Tests were mads to determine the characteristics of the
horizontal tail for use in the determination of the angle of down-
wash and the dynamic-pressure ratio at the tail. TFor these tests
the tail unit was mounted in the Langley 7= by 10-foot tunnel ag
shown in figure 4.

The 2-foot-diameter, three-blade right-hand metal propeller
was set for a blade engl of “5 at O 75 radius for all tests. The
dimensional characteristics of the propeller are given in figure 5.
The power for the model propeller was cbtained from a 5G-horsepower
water-cooled induction motor mounted in the fuselage nose. The
propeller speed (rpm) was measured by means of an electric tachometer
accurate to within 0.2 percent.

Elevator hinge moments were measured by means of an electric
strain gage mounted in the stabilizer.

NACA TN No. 1339 3
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TESTS AND RECULTS

Test Conditions

The tests were made in the Langley 7- by 10-foot tunnel
(reference 5) at dynamic pressures of 12.53 pounds per square foob
for power-on tests with the double slotted flap and 16.37 pounds
per square foot for all other tests. These dynamic pressures
corresnond. to airsoesds of about 70 and 50 niles per hour. The
corresponding test Reynolds numbers were 875JOOO and 1,000,000,
baged on the wing meen asrodynamic chord of 1.36 feet. Because
of the turbulence factor of 1.5 for the tumnel, effective Reynolds
nunmbers (for maximum lift coefiicients) were about 1,400,000 and
1,600, 000.

Corrections

All power-on date have been corrected for tares caused by the
medel support strut. No power~-off tares were obtained because they
have been found to be relatively small and erratic on similar models
with flaps deflected; thus, omission of the power-off tares is not
believed to change ths results very much. The test results for
the isolated horizontal tail were ccrrected for tares obtained by
testing the tail assembly with the horizontal tail removed. dJet-
boundary corrections that include the effect of slipsitream have been
applied to the angles of attack, the longitudinal-force cosificient,
and the tail-on pitching-moment coeificients. The correcticns
were computed from refersnce 9 ag follows:

{ o |

o]
\ = 857 -
Y = D) '38WCCL

ACy = -6WECL2

X
A 5 \\}C'{l
Bey = 573 o 5, % éfi o
\/as/2 Ty
where
) jet-boundary correction factor at wing (0.1125)
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i
0.20 and 0.21)
S model wing area (9.44 sq £t)
G tunnel cross-seciional areca (59.59 sq ft)
acC
STQ rate of change in pitching-moment cecefflcient per degree
S change in stabilizer setting as determined in tests

qt/q ratio of effective dynamic pressure over the horizontal
tail to free-strean dynamlc pressure

All corrections were added to the test data.

&) total jet-boundary correction at tail (varies between d
|
|

Test Procedure \

Propeller calibrations were made by measuring the longitudinal-

forcs coefficient for a range of propeller spesds with the model at
zero angle of attack, flsp neutral, and tail removed. The effective

thrust covefTicient T¢' was then determined from the relation 3
To' = Cx 1 . = 5 ;
propeller operating “propeller removed

The motor torgue was .also neasured from which propeller efficiency
wag computed. The results of the propeller calibration are shown
in figure 0.

The varietion of the effective thrust coefficient T,' with

the 1lift coefficient C;. used for the tests is given in figure 7.
-

A straight-line variation was used because it is a close approximation
to the variation for airplanes with constant-spsed propellers
operating at constant power. Preliminary rung were made by setting
the propeller speced to obtein a given value of T,' and then
varying the angle of attack o wntil the value of CL, corresponding
to the set value of T,' indicated in figure 7, was read on the
scale. The results were then cross-plotted to obtain a curve of
propeller speed against angle of attack. All subsequent power-on . -
tests with the same flap setting were also made at the angles of
attack corresponding to the aforementioned propeller speeds.

The use of a straight-line variastion of Te' with Cp implies
that the propeller efficiency is propertional to the speed; for this
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case the value of n/C;, was taken as 0.93. Although this assumption

requires propeller efficienciesg that would never be reached at low
1ift coefficients on an actual airplane, the error in Tg' is small
because the values of Te' are small. The value of T¢' for the
tests with the propeller windmilling was about -0.005. The approximate
amount of engine horsepower represented for various model scales and
wing loadings is given in figure 8.

Becauge of an error in part of the investigation of the double-
slotted-flap configuration, some of the data are omitied. The date
presented kerein are composed of both stabilizer and elevator tests
plotted in the same figure. Neutral points were determined from
these data where possible, but the stability parameters were not
obtainable .

Method of Analysis

Neutral points.- A neutral point is a center-of-gravity location

dcC..
for which —& is zero and the airplane is trirmsd. For the power-on
dCL
acy,
cagse, —— is evaluated with the appropriate variation of T,'

.CL
with Cp,. The neutral points were determined by the method of
tangents developed in references 10 and 11. The use of this method
provides the locations of neutral points but does not show gqualitatively
the individual aerodynemic factors (longitudinal-stability parame ters)
affecting the locations. Waen the neutral point is behind the center
of gravity the airplane is statically stable. The symbol oy is
used to refer either to the neutral point or to its distance from
the leading edge. Phrases such as "increase in npj” “n, moves
rearward,” and ‘"increase in stebility" have the same significance
in the discussion.

The following equation, although laborious for the solution of
neutral points, shows the relative significance of the several
aerodynamic factors. The derivation of this eguation is found in
the appendix of reference 12. The neutral points were computed
by the method of tangents of reference 10 and checked by the present
equation which is accurate within 12 percent.

ot Sy L
th oy d do

+ .
/acr 3
e RS 1 (g - )
\da b

Omg e

np=n9+
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where

acCr
dat

at/a

\
\d'c'_/ ‘b
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horizontal-tail velume coefficient for the center of
gravity at the neutral point

isolated-tail lift-curve slope
effective dynamic-pressure ratio

trim lift-curve slope of complete airplane (for derivation
see appendix of reference 12)

CLias1 off ( Dy - HO)

PRSI ptoucsiu 1 4 -
da VA 4 / C
a(q /)
dCLb
powaY paramnster ’
g 5 q+/a
CLb

pitching-moment coefficient about the effective tail-off
asrodynamic center ng

rate of change of downwash angle with angle of attack

trim 1ift coefficient of complete airplane

Dynamic -pressure ratio.- For the method of determining the

effective dynamic-pressurs ratio qt/q and the effective downwash

angle at the tall ¢ see the appendix of reference 12. These

values are obtained from the contribution of the tail to the pitching

moment and are not necessarily those that would be cbtained from
flow surveys.
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Presentation of Results

A short outline of the figures showing the test results is
as follows:

Figure
B O OB B R o o T e e e e L B et g kb a7 chies et sl el 9 to 1L
MESIEREAETE. Eemhar v o odiinl, o oloe ok oo i o B Ve st ey el ate s 32
Neutral points:
JERRECLROT  Tame '\ 0 e, s 4 e e 6 e bl a ek e dler s MatTiek ol ot S SRR
G e e A ORI G S AR g <
e remonta i due TO! POWEE « o o v o v o or e s et e e CD RS
Stability parameters:
G R T R S T SO B A M O o Sl PR
Effect of power . . . 5. T giod bl ok s oot ahio b le o Lo oL SO L AT
Increments due to pOWur 1 g Bt I 0y e i it ] GRS R U
Blevator tests . . . PRI SR s PO e o R e 200
Tuft studies (double slotted flep onlv) B T S
Landing characteristics . . . PO OGS i )
Power required to maintain an 1nd1uatod sinki ng speed
f 25 feet per second at O. U)CIMEJZ s g e gl e L B el e ]

DISCUSSION

Lift Characteristics

Because the tests were not carried through meximum 1lift, a
comparison of the maximum 1lif't coefficient of the model with the
maximum 1ift coefficient from section data was not possible.

Effect of flaps.- The double-slotted-flap configuration produced
almost twice as much lift-coefficient increment as the single-slotted-
flap configuration without power. (See table III.) The increments
for both configuraticns were 1ncreased by power, but the double-
slotted-flap configuration produced the greater increase. The
greater increments in 1ift due to the double slotted flap ars

.caused by greater thrust coefficients at the higher 1ift coefiiclents.
Tiie results are in general accord with theory.

. Effect of power.=- Application of power resulted in substantial
increases in tail-off lift-curve slopes and tail-off 1lift coefficients
for all flap configurations (table ITI). The largest increases Were
obtained for the doublewslotted-~flap configuration. The increases in
1lift coefficient are caused by the increased velocity over the part
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of the wing in the slipstream. The increases in Jift-curve slope
are caused partly by the growth of this increased velocity with
angle of attack according to the thrust—-coefficient variation

Ts" = O.lGlCL. This action of the propeller slipstream upon the

lift-qurve slope and lift-coefficient increment is characteristic
of airplanes employing tractor-propeller arrangements. (See
bibliography.) The flap provides greater increments of 11ft

during power-on operation if immersed in the slipstream. Values of
the trim—1ift increment of the complete airplane are lower than
teil-off 1ift increments of table III because of the large down
loads required by the tail.

Effect of wing position.- A comparison of the model tested as
a low-wing alrplene (reforence 12) and the model tested as a high—
wing airplane (present paper) showed that the high-wing model
produced slightly higher lift-ourve slopes. The 1lift increments
caused by power and flaps, however, were about the same for both
models,

Elevator--Fixed Stability
(74

Effect of flaps.— A study of the neutral--point curves in
figures 13(a) and 13(b) indicates en increase in stability with
an increase in lift coefficient for all flap configurations investi-
gated, This increase is noted in most high-wing airplane data and
is largely due to the rearward movement of n, with 1lift coefficient.
(See rigs. 16(a) and 16(b).) ;

A comparison of the data for the flap-neutral and single—slotted—
flap configurations chowed a Torward movement of the neutral point
over the lift-coefficient range. This forward movement may be
largely attriduted to the forward shift of ng and. also the increase

in (3Cp/da)y. (See figs. 16(a) and 16(b).) The effect of the
double slotted flap compared tc the single slotted flap showed

very little change in neutral-point location at the 1lift coefficients
for both flap configurations.

The large forward shift of n, is presumed to be compensated
d \
by an increase in _2312‘ . With the application of power the
a0y, /5, .
neutral point showed the tendency to move forward with increasing
1ift coefficient for the three flap configurations investigated.
(See fig. 15.) This increase in may also be traced to the
increase in n,. (See fig. 16(c).)” A comparison of the flap-
neutral and the single-slotted~flap configurations showed a loss in




- (See fig. 14.) The forward nn~-shift reaches about 20 percent mean
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stability at the same 1ift coefficient. The comparison of the single- |
slotted-flap and double-slotted-flap configurations, however, showed
an increase in stability et the lift coefficients. The loss in
stability caused by the single slotted ilap may be traced to the
- i , _ : d{a+/q)
increase of (dCr/da)y, end ‘the decrease of both ay/a end ~£%§Z=~

; : ' en
(Ses fig. 16(c).) The increase in stebility resulting from the
double slotted flap is incompletely expleined beceuse of the lack of
data, but an inspvection of the tail-off pitching-moment curve of
Tigure 1l(e) suggests that ny 1s largely responsible.

Effect of power.- The grestest stability (most rearward np),
in agreement with references 1 and 2, waa obtained with the propeller
off. (See fig. 1h.) Addition of the windmilling propellsr for all
three flap configurations reduced tie stability appreciaebly.
Application of power brought & greater reduction. By far, the greatest
reduction occurred at high 1lii't coefficients with the double slotted

e

flap deflected. A

With the propeller windmilling and flep neutral (fig. lh),

the loss in stability at low 1lift coefficients is traced to the

slightly forward shift of ng end at higher 1ift coefficients, to

the large increase of defda with increasing lift coefficient.

(Ses fig. 17(a).) The forward shift of - n, caused by adding the
propeller is explained by the fact that a pitched propeller produces
& normal force similar to a small fixed horizontael airfoil. The

loss in stability resulting from the application of power is primarily
caused. by the large increase of defda and (dCL/da)b, both of which

dl(qs
more than offsets the increase in qi/q end 1ag/q) ‘

acr, |,

. The effects of power on the single-clotted-flap configuration
are similar to those on the flap-neutral configuration but are
larger. (See fip. 1k.) An increase in n, is more than offset by
increases®in (dCr/de)p and de¢fda. (See Fig. 17(b).)

The over-all elfect of power, relative to the propeller-off
cage, on the double-slotted-flap configuration is destebilizing as
for the single-slotted-flap configuration but is much larger.

agrodynamic chord at high 1if't coefficients. (See fig. 15.) Data
for the propellar»wind@glling cage .ag.well as for several of the

i1 g d(q./q)
stability paramstors (%, - and L investigated with
do” q acy, »
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propeller off and power on are unavallable. The stebility parametexrs ’

n, and (QCL/da)b, however, show an increase with power as did

the single—slotted—Flap configuration but this increase is much
larger than it is for the double—slotted—flap coniiguration.

Effect of wing position.— A comparison of the longitudinal
stability of the low-wing model (reference 12) with that of the
high-wing model showed that for medium and high 11ft coefficients
the high-wing model was more stable for all power and. flap conditions.
For low 1ift coefficients the low-wing model was more stable. This
fact is o characteristlic difference between low-wing and high-wing
airplanes.

The high-wing position with flap neutral exhibited a greater
destabilizing effect of power than the low-wing position. For the
single~slotted~flap configuration the low-wing position ghowed better
stability characteristice with power at low 1ift coefficients but

poorer stability characteristice with power at high 1ift coefficients.

Elevator-Free Stabllity

The effects of flap deflection and power on the elevator-free
stability, in general, are similar to the effects on elevator—
fixed stability. The resulte show that, in all cases (figs. 13 and 14y,
the slevator-free neutral point is slightly forward of - the elsvator-
fixed neutral point (Letween 1 and 6 percent M.A,C.) and indicates
a tendency of the {ree elevator to float with the relative airstream
at the tail.

Longitudinal Control and Tirim

Effect of flape.~ A study of the elevator test results for the
propeller—off condition (fige. 19(a), 20(a), and 11(a)) indicates
that the neutral-flap condition will require an elevator deflection
of about ~20° to trim the model at the maximm 11Tt coef{icient for
the center of gravity at which the model was tested (26.7 percent
M.A.C.). The single-slotted—~{lep condition at the game stabilizer
gsetting would reaquire a much greater negative elevator deflection
for trim at the maximum 1ift coefficient because the negative tall
load required For trim is increased as a result of the increase in
tail-off pitching moment due to flaps. The amount of negotive
elevator regquired for trim was reduced for the tests to a ressonable
value of -11° by adjusting the stabilizer setting dovnward 8.3°.

Deflection of the double slotted flap causes a large wing-
diving moment and an increased downwash at the tail. The resultant
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downward increment in tail load is insufficient to offset this

diving moment. An elevator deflection of about -2L°, therefore, will
be required to trim the model at the maximum 1ift coefficient. This
deflection is close to the usual limit of negative elevator travel.
If the incidence setting of -1.3° were maintained, therefore, the
elevator control would probably be insufficient should the center

of gravity be shifted forward or should the-model be in proximity

of the ground. A negative increase in tail incidence through the

use of an adjustable sgtabilizer wouwld improve this condition. Forward
center-cf -gravity travel, however, would still be seriously limited
because the horizontal tail is on the verge of stalling even with

e tail slot open.

A comparison of elevator test results with propeller. off
(figs. 19(a), 20(a), and 11(a)) and with propeller windmilling
(fige. 19(b), 20(b), and 11(b)) shows small and negligible differ-
ences in the elevator deflections required for trim. The most
noticeable difference occurs with the double-slotted-flap configura-
tion; with the propeller windmilling less negative elevator is
reguired for trim than with the propeller off. This difference is
due both to the propeller~fin effect and to the corresponding
increasod downwash at the tail.

A study of the elevator test results for the power-on condition
(figs. 19(c), 20(c), and 11(c)) reveals a similarity with the power-
of f condition discussed previously. The negative elevator deflections
required to trim for the flap-neutral and gingle -slotted -flap
configurations were somewhat legs with power on but, with the
double slotted flap dsflected, the elevator deflection required to
trim was slightly greater. A negative increase in tail incidence
through tie use of an adjustable stabilizer would improve this
condition.

Effect of nower.- The test results for the flap-neutral and
single-slotted-f'lap configurations indicated smaller negative
elevator deflections for trim with power on than with propeller off.
In the case of the neutral flap, the power effects increase the
dynamic-pressure ratio and slightly increase the downwash. (See
fig. 17(a).) Inasmuch as a slight downward tail load is required
for trim, the increase in dynamic pressure snd in downwash act to
reduce the negative elevator required for trim. In the cage of the
single ~slotted-flap configuration, figure 20 shows that more down
loed on the tail is required to trim with power. The increased
downwash and dynamic-pressure ratio at the tail, however, tend to
reduce the negative elevator required for trim.

The application of power to the model for the double-slotted-
flap configuration resulted in & sharp increase in tail-off pitching




e - NAGA TN No. 1339

moment (fig. 11(c)) and,consequently greater negative tail loads

are required to trim. Unaeos an adjustable stabilizer were provided,
the model would have insufficient elevator to maintain control up

to the maximum 1ift coefficient. The proximity of the ground would
aggravate the situation and a more negetive utabll»zer or el vator
would be required.

Effect of wing position.- A comparison was made of elevator
effectiveness (4CL/d®e and doy/dds) for the low-wing model
(reference 12) and for the present high-wing model. The low-wing
model showed the better effectiveness with the flap-neutral
configuration; whereas the models showed about the same effectiveness
with the single-glotted-flap configuration. The comparison of
the low—w1n5 and 115.-w1nb models could not be carrie d to the double -

higii-wing data, bu+ the available data sugge sL that tu@ high-wing
model should have a slightly highesr elevator sffectiveness.

Tuft Studies

Figures 21(a) and 21(b) show the results of tuft studies on
the wing with the double slotted flaps extended. With the propeller -
windmilling (fig. 21(a)) the rear flap was almost comnloteWJ stalled
throughout the anqle—of-attack range. The front flap and the main
part of the wing, however, did not show any stall characteristics
until higher angles of attahk were reached. When the main part of
the wing started to stall, the rear flsp unstalled. When power is
applied (fig. 21(b)), most of the center part remains unstalled
throughout the angle-of-attack range. This effect of slipstream
is in accord with previous experience. It is not known, however

whether the rear flap will stall when on a fullesoale airplane.

The wing tips are shown to stall first. This undesirable
condition, however, may be considerably affected by the Reynolds
nunber as well as by tunnel-wall effect. Computations indicate that
the induced upwash at the wing caused by the tunnel walls increased
the effective angle of attack of the tip about O.3CLO, thus giving
the wing an effective washin.

Landing Characteristics -

For the purpose of computing landing characteristics, the drag
against 1ift data of the present investigation (effective Reynolds ;
number, 1, 600, 000) were ex xtrapolated to an effective Reynolds number
of 8, OOO OOO (apnroylmEtel full scale). The original and the
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extrapolated curves of Cp against Cy for zero pitching moment

are plotted in the lower part of figure 22. With these curves are
plotted calculated curves of Cy, required to ensure a sinking speed
of 25 fest per second, againot Cr, for various wing loadings. .
Another set of curves plotted in the upper part of figure 22 gives
Vi against Cp for the same wing loadings.

An example will illustrate the estimation of landing character-
istics from Tigure 22 Select tho desired 1ift coefficient
(for exampls, Cr, = 1.0) and note the values of CD measured on the

appropriate curve. Next note the value of Cp reguired on the
. . . 3 : 2haias
curve Tor the desired wing losding (for example, 40 /et ) faok

this same value of Cy. If Cy is less than Cg !
¥ meagured required
the sinking speed will be less than 20 feet psr second; and if
Cp : is more than Cp - | , the sinking speed will be more
measured required’
than 25 feet per second. I Cy is negative, a climb is
“measured
indicated.

It was Found that & wing loeding of approximately 90 pounds per
square foot could be attaincd without exceeding the recommended
maximm sinking sneed of 5 feet per second (reference 13) with power
of f and either flap neutrel or single slotted flap deflected. (Bee
fig. 22.) With the double slotted flap deflected, a wing loading of
approximately 40 pounds per sgquare foct may be attained without
exceoding a sinking speed of 25 feet per second.

With the application of power, corresponding to the horsepower
on figure 8, for flep neutral and single slotted flap deflected,
the airplans will tend to gain altitude over mnost of the 1ift range.
With the double slotted flap deflscted, wing loadings as high as
200 pounds per square foot may be attained without exceeding a
sinking speed of 25 feet per secand. (See fig. 22.)

The power required te maiantain an indicated sinking speed of
25 feet per second (reference 13) at 0.05Cr (estimated for

effective Reynolds muber of 8,000,000) at various wing loadings is
shown in figure 23 for three different model scales {1/ 1/

and 1/8 scale). This figure, derived from the model data of figure 22,
also shows the wing loadings that may be attained without exceeding
the recommended sinking speed with power off. With the application

of flaps the power must be increased to avoid exceeding the recom-
mended sinking speed &t a given wing loading.
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CONCLUSIONS :

The results of the longitudinal stability and control investigation
of & powered model of g single-engine high-wing airplens with full-
span single and double slotted flaps and an elevated lLorizontal tail
are in general accord with previous expsrience with powered models
end with qualitative theoretical considerations. In particular,
the results indicate that:

Lift characteristics:
1. Deflection of the double slotted flap producsd almost twice as

much lift-coefficient increment as did the deflection of the single
slotted flap.

2. The application of power greatly magnified both the 1ift
increments and teil-off 1ift-curvs slopega.

Longitudinal stebility:

1. The application of nower decreased the stability of the model
for all three flep configurations. : :

Longitudinal control and trim:

1. Zlevator deflection requirved to trim with power off was
increased with increase in flap deflection.

2. The application of power decreased the amount of negative
elevator required to trim for all three flap configurations.

Landing characteristics:

1. Deflecting the flaps reduced the maximum wing loading that
nay be used with powsr off without exceeding a sinking speed of
25 feet per second.

2. Deflecting the flaps required an increase in power to maintain
an indicated sinking speed of 25 Teet per second at a given wing
loading. '

Effect of wing position:

1. The present high-wing model produced slightly higher 1lift-

curve slopes than the corresponding low-win nodel discussed in -
1 i

NACA TN No. 1239.
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2. The high-wing model was more stable at medium and high 1ift
coefficients; whereas the low—wing model was more stable at low 1lift
coefficients.

3, With flap neutral the elevator effectiveness was better on
the low-wing model than on the high-wing model; however, the data
avallable indicated. that with an increase in flap deflection the
elevator effectiveness might become better on the high-wing model.

Langley Memorial Aeronauntical ILaboratory
Nationel Advisory Committee for Aeronautics
Iangley Field, Va., April 28, 1947
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TABLE I

ACA TN No.. 1339

MODEL WING AND TAIL-SURFACE DATA

Wing Hori;gital VezZiial
Area, sq ft 9.440 1.920 1.250
Span, ft T7.458 2.542 1.508
Aspect ratio 5,91 3.36 30l
Taper ratio 0.445 0.438 | eememmmece-
8Dinedral, deg 9 0 AL
Root section NACA 2215 (§i32§t2d) NACA 0009
Tip section NACA 2209 (giigitgd) NACA 000k.5
bAngle of incidence at
root, deg 1.0 M3 T -1.50
bAngle of incidence at
tip, deg 1.0 w13, 0T =1.550
M.AC., T% 1.360 | mmemmememeee | emeeceeeee
Root chord, ft 1.800 1.141 1.272
Theoretical tip chord, ft 0.800 0.500 | e=-esmceec--

®Dinedral measured with respect to chord plane.
bAngle of incidence measured with respect to fuselage center line.

NATTONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE IT
MODEL CONTROL-SURFACE DATA
Elevator Rudder Flap
Fercent span 99.5 99.1 93.0
Area behind hinge : St
line, sq Tt 0.021 0.500) | | ===e=
Balance area, sq Tt 0.131 Mindmim ==
Root-mean-gquare chord o) 18
behind hinge line, Tt D Pu2a M
Distance to hinge line
from normal center of 378 Y N T
gravity, £t
TABLE III
TATL-OFF LIFT CHARACTERISTICS
. Cy, £y, CL,,
Flap Operating condition [ Tail off, |(Tail off, g
g = 0°) 1 o el

Neutral (0.17 | ==mmmm-- 0.076
Single slotted | > Propeller off 4 O i 1.00 .083
Double slotted 2.0k 1.87 .086

- ['

Neutral 6 | memmeee- .076
Single slotted | »Propsller windmilling '< P 1.0% .083
Double slotted ST 1.91 .085

~ 7~

Neutral 15 | memmeemee .080
Single slotted Power on, £ 3.23 1.08 .09 8

Te' = 0.101 Cp,
Double slotted 2.46 231 .13k

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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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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Fig. 13a NACA TN No. 1339

\-\
§ 60
3 y
RIS aal
= 50
5N B
&
R L
\¥) —] =}
kg & 40 /_*__’r//
= N
L 8
£ N 30
= \
s Q
3 Flas T sl
——— —  Neulral filled
—— —— Jingle slotted  Filled
Double slotled  Open
N 60 =
N
S 7
S X
3IX 50 ——
= A | =
AN =
% & g
Q -
St
Y L
HNET |
o < S o g w2 - 18 20 24 28 372

Trim hft  coefficient, CLb
(@) Propeller off.
Figure 13 .- Effect of flap deflection on the
neutral  points of the model as a smngk-

engine S1gH-wing arrplone.



NACA TN No. 1339

Fig. 13b

N
L
£ X 50
> %
 §
e o) PO cmnn sl
& T L=
&t
B % 30
28

Flaps Tail slot
— — — — Meulral Filled
—— —— Single slofted  Filled

R
TR
-
§ N 50

Q A e LEm
g & //’/ ,////
.&F 8\ 40 T="1 =1 g
R ol E o
RIS R e
85 %
e 0 4 8 L2 L8 20 . . 24 28 32

Trim Iift  coefficient , C, .
(b) Propeller windmilhng.
Figure 13 .— Continued.



Fig. 18c NACA TN No. 1339

2
33
' 50
SO
Sy

)
S\ 40
N N i
£ 4 EEaEENE
< o
e 30
-8 Flaps Tail skt

— — — — Neulral Filled
————— - Sipgle slbofled = Filled
LDouble slotfed  Jpen

N
S
Ry Y 50
> N
2 % 40 L
iy 2 = e
% CQ - | W e ) WS R NATIONAL ADVISORY
Bt ~ COMMITTEE FOR AERONAUTICS
s E 50
Line "0 Y% 8 12 18 20 24 28" 32

Trim ift  coefficient, CLb

(c) Power on.

Figure 13.—Concluded.




NACA TN No. 1339 Fig. 14

| 60
| “ 7/
| N 5 i
| pY .
£i8 .
S 3 L= A==
‘ < % 40 S e __:i//— i
\ HUE==
& * ] T/
Q
| L8230
| S %
s S === p el F
& '8 o0 ropeller of ¥
‘ T e — ——  Propeller windmilling
| Fower on
60 =4
d ~Jingle shiled flap — o
) < |7 1
SN 50 1
N —
N P e e
% % L = ;// — e
O o=ttt
E %\ et =] ,_.__—-—-————"‘// NATIONAL ADVISORY
Q ; = COMMITTEE FOR AERONAUTICS
L e 30
% " —~—Flap neulral —— Double slotted flap ———
& e
v S
g q <0
0, 4 8 IR L8 200 Ee el

Trim  [ift coefficient, C,; i

| Frgure 14 .—Effect of power on Tthe neulral
g poinfs  of the model as a swgle - engire

Mgh-wing  aiplane.




Fig. 15 NACA TN No. 1339

0 W S
i i E RN
<
~10
ST np,oowfo/) : //%p/opg//o’/ WINGIIINIQ
0,
Q s el i B
¢ =10 b
q B
-20
Ap =NBponer on ~Porgpelier ot
Flap Tail st
————— Neulral Filled
—— — — Jingle slotted filled
—————ouble sloffed Joen
NATIONAL ADVISOR’Y
1 O COMMITTEE FOR AERONAUTICS
& 4 s e S e PR
) 10 A0 = Dppropeller windmiling ~ "Porapeller of £

0 4 8 i< SRS SRR o R
Trim  Wft  coefficient, CLb
Figure 15 .— Increments of neulral - point localion
due To power for the model as a s/ng/e-

engine fgh-wing  arplane.




NACA TN No. 1339 Fig. 16a

|
|
|
|
\ A
3
o St
‘ L T e i
=
\ S 9'.
~
| 88 %
832
F P
SN —r ol
oS - r
\ % /
| ‘ \
| S 7 :
g4 4 \§
‘ 'Qs§’ / .Y
S %
<3 SR
\ :‘&’nj‘;"’.5 40 | Q
| TS = 3%
Tl e
| B | =g 30 % QO
‘ o HeiTE /;( B W o
| o s 58
% 1 Flap a/l slof 20%(&)’,
\ S -~ — — Meutral Filled :\
\ ¥ — — Single slotted  Filled 185
‘ s AR Double slotted Open NS
: EemE R
\ S 08 <4
\ & - opTonL ApvsoRy
| |- q¥eT
\ B s 5 12 16 20 24 28 4F

. Trim h#t coefficient , CLb
‘ (a) Propeller off.

e~ Figure 16.—FEffect of flap on the varwous
longitudinal = stabillly ~ paramefers — of the model
as a smngle-enpme Aigh-wing  aiplane.




Fig. 16a conc. NACA TN No. 1339

2 g
] / kU.\
S 6 <
I~ i N
ye s
= 4 3
'S
o S
Q3
S
N
8 <
) 8 //“‘————L——— =
N = A 5
Flap Tail slot N
g ke~ = Wealral Filled b:
— — Sngle slotted  Filled ;§
LN
12 o
= == o 5
e Sl i i ente B
V
8 §\
9
4 oyl |3
Q
\ X [
& 0 === ——
N\ \) P
\ NIAS
Sl
-4

‘ Gl e i Sapelion iy
\ Trim it coefficent, C,,

(a) Concluded.

Figure 16 .— Continued.




m.m oy w2290 ¢ u fuoymaoy
.ww \&\8\1 JOAPU  f40_[ID)  N[93 44T
oy
5 O Q Q
Al D) SV ~
ﬁs
55
28 |
\ / S i3
5 \ = /ﬂm b+ of
8 = = 23—
N | N Py 3
X
A\ \ -
i , / M . :
S / \ -~ \\
\ % N ;
T , T S W
Vv -3
\ X _/_/ = 9
\ \ _ _ _
| \ | |
o | [ 7 |
] , \ _ |
— | \ | |
o
TERE B e e = &
& Wr) < iauad VU rop/Top) “odas anina-ypy wiiy
% AWDUAPOIID  44O—[1D) 84123445 Y]
M Jnogo. Jua12144900 _EmEoE|mc.€u\.\Q

2A

20
Trim liff coefficient, C, 5

(b) Windmilling.

Figure 16.~ Conlinued.

16

12



Fig. 16b conec.

NACA TN No. 1339

]
P
il
Ll
L~ - f
B8
P ol I
S
Flap Tail shof
O [~ ——Neutral Zilled
— ——J3ingle slotted  Filled
4 L
g\;QO e e — ==
AR
Pl
0 4 8 L2620

Trm Wt coefficient, C; .
(b) Concluded.
Figure 16 .~ Continued.

24

I'e

Angle of downwash, € , deg

Dynamic - pressure  ralio, q,/q



Fig. 16c

NACA TN No. 1339

T %Q\ ')

3 co.\\uuo\b\\“\.\%@bw‘\\u\\aw\t FfO-JID] aM[2344T
Q Q Q Q Q
o or) .

3

|

R4 28

Trim Ift coefficient, € :

(c) Power on.
Figure 16 .— Confinued.

l

NATIONAL ADVISORY

/

Tail slot

Filled

Filled
pen

|

B 0 ik
i
20

Fa
16

uble sholfe

L2

— —3ingle slofted

Flap
— — —-feutral

R

L—.—.—l—-_‘__r_—‘

O
o Bl e, G SRR W SRR S SR
0L ¢ oy | . i P -
18JUSD  UUDUAPOLID m&s-\\d\
aN1[23449 3] xso%s 10212144302 Juswows- by 3fi—~ Up/ 1op) ‘adojs arina-ypy wid/




Fig. 16¢c conc.

NACA TN No. 1339

Flap Tail slot
=t Aealraf Filled
— —— Single slotted  Filled
,//
A
2
o i
}/
g 7
8 i -
v s =
NS =
A
o el
Ny
N e
\Qj \Q A i P S e =
L s =
0 4 8 12 Vg 20 24

Trim lift coefficient, CLb

(c) Concluded.
Figure 16 .~ Concluded.

16

1R

2

Angle of downwash, €, deg

Dynamic - pressure ratio, @, /g




NACA

TN No. 1339

|
s
S &
3 S
e
.
s 9
S 9
o S
N
e 1
e ©
O =
=
N\
o o O
E v &
g5 O
|
Q)'\
g’&\-.l
& v 9o
gm%
. & G
3
RS
R
&y
S
.
Q.
S)
(r)
)
g.lf
N
i
& 08
P
£
s .04

Fig. 17a

L 5
;.‘:‘—/"/
N
"
~
N
40 -§ 3
Q N
NN
.
n g
7 LN
/ N \S QO
o 8y
S 20, e
S
L3
————— Propeller off 10 E o
v
D
=
0
S
&

— — — Windmilling
Power on
i
NATIONAL ADVISORY
CD"I“ITTEE[FW AETO“AUTIICS
0 A ol 12 16

Trim  ift coefficient, C, X

(@) Flap neulral.

Figure 17.—Effect of power on the warious

longitudinal - stability paramefers of the model

as a swmgle-engmne Hrgh-awing aiplane.



Fig. 17a conc.

L
=
s
» -2
=
———— Fropeller o
e W/'ndm/'///'ng
Power on
8
e
/ 4 /|
b @ —
MRS
0
//
4
/
R 0 e ,
=iy
\\E com;;(;?%n‘\z:fn%:lcs N
4 [ T L |

0 A 8 L2
Trim il coefficient, C, "
(a) Concluded.
Figure 17 .— Conlinued.

NACA TN No. 1339

e

12

Angle of downwash, € , deg

Dynamic —pressure ratio, q, /g




Fig. 17b

NACA TN No. 1339

oy 2120 ¢ Cu € uol ool

Jurod - [v4nau  40-[1D)  FNIjID4LT

= ) &)

Ay N AL
s [ \ T
s 5] N I\ L2
S g ol
i3l : // -1
T = Q \ ,/ 3
e 1\ !
= 1 | |
| | \ TR "
_

(o) ~ N ) b = M

] I £

Wy < saqus0 Qx rop/ 1p) “‘adojs anmo-ypy widf

QIWUDUAPOIID  #40-[1D] SNI[D3443d Y]
NOGu  Jud19/ 44300  Judwouw— buly Iyl

Ay
¢
o = r
« @
@
< - S
il i /
(+5)
Mwww |
e B o
2 =
n
<Q Q
e
X B
T.m7.
N L
3
S
O 1~
W |
|



Fig. 17b conc.

NACA TN No. 1339

/]
/A
i e
%3
— //
= Brapeller off
— ——  Windmilling
Fower on
F; e
\g \g i _../_/L_ N [ ’\_L_\
4 I
A
TN
Ny SaEEas
\%‘ k=] NATIONAL ADVISORY ‘
S COMMITTEE FOR AERONAUTICS
-4
0 4 Io} e B 20 124

Trim Iift coefficient, CLb
(b) Concluded.

Figure 17 .— Confinued.

16

12

12

Dynamic -pressure  ratio, g, /q

Angle of downwash, € , deg




YW 22400 ¢ °u “uoi Do)

Qulod - joynau - 440
@)

O

O

)10 dNIj934 1T
Q

Fig. 17c

[ ynogo. Jus12144500 Ju

w

W “4ojuss auAPOIID %q%\& %;\V.o&\m
o

=buiyo]

) <t N A N
M oy
, , 1 3
| 83
/Vﬁ/ | I mml
1§ \ ! 2w
\ \ | 8 | ¢
// y T
.// // // T wf?
N S
\ .
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>