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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1146

TESTS TO DETERMINE EFFECTS OF SLIPSTREAM ROTATTON
ON THE LATERAL STABILITY CHARACTERISTICS OF A
SINGLE-ENGINE LOW-WING ATRPLANE MODEL

By Paul E. Purser and Margaret I', Spear

SUMMARY

Tests have been made of a %-scale powered model of a single-

engine low-wing airplane with three propeller-blade settinge and
three values of tail length to provide information on the effects
of slipstream rotation on the directional stability and control
characteristics of single-engine airplanes,

Esgtimates of lateral-force, rolling-moment, and yawing-mcment
coefficients due to slipstream rotation at zero pitch and yaw with
flaps retracted were obtained from calculated slipstream character-
istics and were found to compare favorably with test values except
in cases for which the vertical tail is very near the effective
edge of the displaced slipstream.

Anz2lysis of the test results indicated that the slope of the
yawing-moment curve at zero yaw decreased generally with the use
of higher propeller blade azngles (or torque coefficient), probably
because the greater twist in the slipstream caused the vertical
tail to stall at smaller positive angles of yaw and because of an
increasing lateral displacement of the slipstream with increasing
torque coefficient. The slope of the yawing-moment curve near
zero yawing moment is probably a better indication of the directional
stability under trim conditions, This slope increased with tail
length and varied relatively little with changes in blade angle.

In general, the effective dihedral was the same for blade
settings of 15° and 25° and smaller for the 35° setting.

The slope of the curve of lateral force against angle of yaw
increased with blade angle and tall length for the model with tail
off. With tail on, however, change of blade angle had a negligible
effect on this parameter.
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The angle of yaw at which rudder lock occurred did not vary
consistently with blade angle, torque coefficient, nor the value
of yawing-moment coefficient at zero yaw, and thus indicated a
necessity for using the full-scale thrust-torque relationship in
wind~-tunnel tests made for determining the angle of yaw at which
rudder lock occurs,

Rudder-tab setting had a small effect on the angle of yaw at
which rudder lock occurred for the normal fuselage and the effect
vas not consistent for the different values of blade setting.

INTRODUCTION

Tre NACA has undertaken a study of the problems of obtaining
adequate stability and control in climbing flight for high-
verformance single-engine airplanes.

Among the stability and control problems existing in power-on
flight are those of obtaining adequate rudder and aileron control
for trim at low gpeeds and of preventing rudder lock (rudder-force
reversal). As a start toward the solution of these particular
problems a general series of wind-tunnel tests has been made of a
typical single-engine airplane model equipped with a single-rotating
propeller. Tests were made in the Langley T- by 10-foot tumnel at
three values of tail length and three values of blade angle for a
thrust coefficient simulating the high-power climb condition. The
primary purpose of these tests was to provide data with which to
establish the validity of present methods for computing the out-of-
trim forces and moments produced by propeller operation through the
action of the slipstream on the vertical tail. A sccondary purpose
was to determine the effects of not using the full-scale thrust-
torque relationship and rudder-trim-tab setting in wind-tunnel tests
made to determine the angle of yaw at which rudder lock will occur
on the airplane. The present paper reports these tests and the
analyses made for comparison with the test data.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coef-
ficients of forces and moments, Rolling-, yawing-, and pitching-
moment coefficients are given about the center-of-gravity location
shown in figure 1 (28.2 percent of the mean aerodynamic chord).
The data are referred to the stabllity axes, which are a system
of axes having its origin at the center of gravity and in which
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the Z-axis 1s in the planc of symmetry and perpendicular to the
relative wind; the X-exis is in the plane of symmetry and per-
pendicular to the Z-axis; and the Y-axis is perpendicular to the
plane of symmetry. The positive directions of the stability axes,
of angular displacements of the airplane and control surfaces, and
of hinge moments are showm in figure 2.

The coefficients and symbole are defined as follows:

Cr, 11ft coefficient Iil—gc
a5
Tail 1lift
CLV 1ift coefficient of isolated vertical tail < 3 e
Oy
Cx longitudinal-force coefficient ( “°—S>
g
o T s 54
CY lateral-force coefficient | —
Qo
: Nih L\
Cy rolling-moment coefficient ( ———
_a5b
Cp pitching-moment coefficient (
q.ar
Ch yawing-moment coeff* cient <~—~\
cy section 1lift coefficient
QC /
4o
cq section drag coefficient | —
(0] qc
% ; : Tors
o effective thrust coefficient based on wing ares -—~§‘i)
Qs
Cp thrust coefficient / = —-—-LL\
D%/

9" torque coefficient based on wing area and span ( q >
aSh
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torque coefficient 4 -
on=p>

propeller advance-diameter ratio

differential thrust coefficient

differential torque coefficlent

TereV
propulsive efficiency A 290
2mnQ

hinge moment, foot-pounds

forces along axes, pounds (see fig. 2.)

moments about axes, pound-feet (see fig. 2.)

blade section 1lift, pounds

blade section profile drag, mounds
o2

propeller thrust, pounds

propeller effective thrust, pounds

propeller torque, pound-feet

free-gtream dynamic pressure, pounds per square foot
D
(s77/2)

effective dynamic pressure at tail, pounds per square
ool

dynamic pressure behind the propeller, pounds per square
foot

wing area, square feet (9.40 on model)
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vertical-tail area, square feet (1.25 on model)
airfoil section chord, feet
average airfoil chord, feet

Nb/2
mean aerodynamic chord (M.A.C.), feet é? c? db

gpan of vertical tail, feet

wing span, feet (7.509 on model)

gpanwvise station of vertical tail

dimensionless quantity representing the additional 1lift at
any point along the span of an airfoil

agpect ratio

tall length measured from center of gravity to quarter-chord
point of vertical-tail mean aerodynamic chord

air velocity, feet per second

propeller dismeter, feet (2.27 on model)
propeller speed, revolutions per second
radius to any propeller blade element
propelier tip radius

radial location of blads element (r/R)

chordwise location of propeller-blade maximum thickness
mass denalty of air, slugs per cubic foot
angle of attack of thrust line, degrees

angle of attack of vertical-tail chord, degrees
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s angle of yaw, degrees
Vg angle of twist in propeller slipstream, degrees
ig angle of stabilizer setting with respect to thrust line,
degrees; positive when trailing edge is dowm
o control-surface deflection, degrees
B propeller blade angle at 0.75 radius, degrees
2] propeller blade angle at radius r, degrees
Subscripts:
e elevator
a aileron
r . rudder
T rudder tab
v vertical tail
t velues of force and moment coefficlents provided by the tail
s partial derivative of a coefficient with respect to yaw
207\
examples Czﬁfz =t
\ S
e partial derivative of a coefficient with respect to angle of
attack | example: Cr = gg%>
Q.

MODEL AND APPARATUS

The model used was constructed with three interchangeable
fuselage blocks in order to permit tests of three values of tall
length (short, normal, and long)., When arranged for the normal-

tail configuration it is a %-scale model of a 37.5-foot-span single-

engine low-wing airplene. The general physical characteristics of
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the normal model are given in tables I and II. Three-view drawvings
of the model and photographs showing the model mounted in the
Langley 7- by 10-foot tunnel (reference 1) are shown in figures 1
and 3, respectively.

The fuselage blocks for the short- and long-tail configura-
tions were developed by maintaining the seme ordinates as for the
normal fuselage but the stations.behind a point 30.1 inches behind
the propeller center line were contracted or expanded to provide
the required change in length.

Dimensions of the 1solated vertical tail which was tested in
the Langley L4- by 6-foot vertical tunnel (reference 2) are given in
figure 4(a) and the test setup is shown in figure 4(b).

Power for the model wes obtained from a 56-horsepower electric
motor, the speed of which was determined from an electric tachometer
which is accurate to within +0.2 percent. The three-blade pro-
peller used was supplicd with the model by the Bureau of Aeronautics,

Navy Departument and appearcd to be a %-scale model of an Aeroproducts

model no. A-20-156 reduced to 13.6-inch radius by removing 3 inches
from the tip and adding 1 inch at the root. Blade-form character-
istigs measured from the model propeller are presented in figures 5
and 6,

TEST AND RESULTS

Test Conditions

The tests of thc complete model were made in the Langley 7-
by 10-foot tunnel at e dynamic pressure of 4.09 pounds per square
foot, which corresponds to an airspecd of about L0 miles per hour.
The test Reynolds number was about 500,000 based on the wing mean
aerodynemic chord of 1,31 feet. Because of the turbulencse factor
of 1.6 for the tunnel, the effective Reynolds mumbor (for maximum
1ift coefficlents) was about 800,000.

The tests of the isolated vertical tail were made in the
Langley 4- by 6-foot vertical tunnel at a dynamic pressure of
15 pounds per squere foot, which corresponds to an airspecd of about
76 miles per hour. The test Reynolds number was about 740,000 based
on the tail mean aerodynamic chord of 1.03 feet. Because of the
turbulence factor of 1.93 for the tunnel, the effective Roynolds
number (for maximum 1ift coefficients) was about 1,428,000,
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Corrections
All the complete-model data have been corrected for tares‘
cavsed by the model support strut. Jet-boundary corrections have
been applied to the angles of attack, the longitudinal-force coef-
ficients, and the tail-on pitching-moment coefficients. The correc-
tlons were computed as follows by use of reference 3:
Lo, = 1,065CT,

Ay = -0,0157C;2
For the short tail

0.184

oCpy
ACy = -T.74Cp{ === - 1.1 Sy
. L(\/ Qt/q > ait

For the normal tail

0.206 SCppy
=t o i =t 1'3_6 -
LCp = =T.ThCy, \[qt/q- ><Bit

For the long tail

A0y = -7.71+CL<3,-—"2—32—-- 1.16) e )
Q

\ ‘t/q Oit

where Oo is in degrees, All Jet-boundary compections were
added to the test data,

The 1ift coefficients of the isolated vertical tail have been
corrected for tares caused by the model support strut. Jet-

boundary corrections derived in a manner similar to that used in
reference 4 have been applied to the angles of attack as follows:

Oy = 0,710,

viiere Ao is in degrees and was added to the test angle of attack.

Test Procedurc

Propeller calibrations were made by neasuring the longitudinal
force of the model with flaps and landing gear retracted and tail
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off at an angle of attack of 0° for e range of vropeller gpeed for
values of propeller blade setting B of 15°, 259, and 35°, Thrust
coefflcients were determined from the relation

TC' = CX

C =
Xpropeller operating propeller removed

The torque coefficients were computed by use of a calibration of
motor torque a2s a function of minimum current., The results of the
model propeller calibrations are presented in figure 7.

Power-on yaw tests were made at approximately 0° angle of
attack and with flaps retracted for each propeller tlade setting at
a value of T.' of about 1.25, which corresponds to about 1500 horse-
power for a 37.5-foot-span full-scale airplane at & 1ift coefficient
of 2,5 for a wing loading of 31.25 pounds per square foot. Figure 8
presents a plot of the horsepower represented for various wing loadings
and model scales., The tests wore made with the rudder fixed at Zero,
rudder free with tab set at 0° and 20°, and tail off.

Presentation of Results

An outline of the figures presenting the results of the tests
and analyses follows:

Figure

Slipstream charascteristics:
Estimated blade section 1ift and drag characteristics , . . . . 9
Computed propeller thrust =nd torque distributions . . T el
Dynamic-pressure ratios and rotetion distributions
Rehind the propeldeli-o o L BIF Yool of s « v m . LE

Lift curve of the isolated verticesl tail PV SRl S B e LR e

Comparison of computed and test valuee of force and
BOment CORITICIONE . 4 « s o 4 ¢ o 2hr s wie e 33

Complete-model test dstas
ERREGIREAR o by ik w e b A i R ERPRIP Y ¢
e U L S D - el RN
RE BRI .. vk sk s e i s R R R
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COMPUTATTON PROCEDURES

Slipstrean

In order to aid in the analysis of the test results, the
distributions of thrust, torque, and slipstresm rotation along the
propeller blade were computed by means of methods outlined in
references 5 to 7. The 1lift and drag characteristics of the pro-
peller blade sections were estimated from the measured values of
thickness h/b, position of maximum thickness x4, trailing-edge
angle ¢, maximum camber m, and position of maximum camber p
(figs. 5 and 6) by use of the data in references 8 to 10. The
blade section lift and drag characteristics are presented in
figure 9 and the computed values of thrust and torque distributions
along the propeller blade are presented in figure 10(a). The
compubed thrust distributions were adjusted by the ratio of the
measured values of Cp +to the computed values of Cp and the

computed torque distributions were adjusted by the ratio of the
measured values of Cq to the computed values of Cq. Adjusted
values are presented in figure 10(b). Dynamic-pressure ratios and
slipstream-rotation distributions computed from the adjusted values
of d0p/dx and dCq/dx are presented in figure 11. Those results
represent distribution values immediately behind the propeller.

Vertical-Teil Lift

It has been estimated (reference 11) that a wing behind the
propeller mey diminish the angle of twist in the slipstream by
50 percent., Hence the angle-of-attack distribution for the vertical
tail was assumed to be one-half the distribution of slipstream twist

behind the propeller <;hat i8.. P § %ﬁ%).
For a first approximation, a curve was drawn having ordinates
+ : . J ;
at cach spenvise station ——-, of
b,/2
cq
5a A (1)
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where czﬂv is the section lift-curve slope. Since downwash tends

to make the lift distribution assume an elliptical shape (refer-
ence 12), the ordinates of this curve were averaged with the
ordinates of a semiellipse having the same total area under the
curve. In order to obbtain z curve having ordinates representing
some known quantity, the ordinates of the average curve were reduced
go that the srea under the curve was 2. The ordinates of the
resulting curve were then designated L (reference 13), which
corregponds to SSIA, because it can be shown that

L

1.0
L @ A
-1.0 be/2

e 5,0 (2)

The values of Ly were then used in a second approximation to the
1ift coefficient according to the relation

Cly = — Tl = a . (3)

b. /2
1,0 4 v/

where (31'_@v is the lift-curve slope of the isolated vertical tail

measured from figure 12, The data for the isolated vertical tail
were used becsuse tests showed that for this configuration the
addition of the horizontal tail did not increase the lift-curve

slope of the vertical tail. This result is probably due to the
cancelation by. mutual interference of any small effect that might
be expected from the relatively high location end narrow chord of the
horizontel tail.

Curves obtained from equation (3) were integrated to obtain
, the values of tail 1lift coefficient.

In order to makXe some allowance for change in dynamic-pressure
ratio between the region directly hehind the propcller and the
region around the verticsl tail, the propeller-slipstream flow was
congidered comparable to flow in an axially symmectrical heated Jet
of air, On figures 9 to 12 of referencc 1k, a line was drawn to
represent the span of the vertical tail as 17.8 percent greater
than the radius of the jet. (The span of the vertical tail is
17.8 percent greater than the rudius of the model propeller.) ZEach
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velocity-ratio area within this line and outside this line was
measured. The square of the ratio of the total area to the area
within the line was computed and plotted against longitudinal
traverse, The resulting valuses of this ratio were 1.07, 1.12,

and 1,20 for the short, normal, and long tails, respectively.

Each vertical-tail 1ift cosfficient was divided by these values to
obtain the finsl values of CLy. No attempt was made to account for

changes in the twist or twist distribution caused by spreading of
the slipstrean.

Forces and Moments Contributed by the

Vertical Tail and the Slipstream

Lateral force,- Lateral-force coefficients due to 1lift on the
vertical tail in the slipstream at zero yaw CYt were computed

for the three test blade angles and three tail lengths as

CLySy
CYt =3 S

Yawing moment. - Yawing-moment coefficlents produced by 1lift
on the vertical tail in the slipstream at zero yaw Cnt were

camputed for the various blade angles and tail lengths as

Rolling moment.- The tzil-off rolling-moment coefficient at
ZeYo yaw (Cl\ 6) was computed &s -—u ! on the assumption
=0 )tail off

that the wing absorbed 50 percont of the sllpstream rotutlon. (See
reference 11.) The increment of rolling-moment coefficient due to
1ift on the verticel teil wams obtained by graphical integration of
the computed vertical-tail 1ift distribution (momonus measured
about line through center of gravity, parallel to thrust line).

This increment was added to the computed tail-off value for the
tail-on rolling-moment coefficient.

No satisfactory method was found for cstimating tall-off
values of lateral-forcc and yawing-moment coefficients at zero yaw.
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The out-of-trim values of Cy are relatively unimportant, however,
since they correspond to rather small angles of bank. The out-of-
trim tail-off values of £, although small for the model as tested,
can be fairly large when the flaps are deflected. Consequently, for
the flap-down conditions, the yawing moments induced by the slip-
stream acting on the flaps should be considered.

DISCUSSION

Comparison of Computed and Measured Coefficients

Force and moment coefficients measured at zero yaw were taken
from test data presented in figures 14 to 16.

Computed values of lateral-force coefficient are presented in
figure 13 and compared with the test values. The test values
generally agreed with the computed values within 10 to 15 percent
except for the case of the long tail with B = 35°. The disagree-
ment is probably a result of the nearness of the teil to the sdage
of the slipstream which was laterally displaced by the action of
the wing in shearing the rotating stream. This displacement was
necessarily neglected in the computations. ‘

Computed valves of yawing-momcnt coefficient produced by
vertical-tail 1ift Cﬂt are presented in figure 13 and compared

with values of (Cné) mecasured from test data. The greatest
\!1: 0

disagreement occurred st B = 35° for the long fuselage, the test

value being about 30 porcent smzller than the computed value, This

difference also is probably caused by the lateral displacement of

the slipstream,

Rolling-moment coefficicnts from computations and from test
results are compared in figure 13, Sincc test values of
(CZL 6) vary from 50 to €0 percent of the torgue coeffi-
Y=OF $81l off

cient Q,%', the amount of slipstream twist absorbed by the wing-
fusclage combinatlion was cverestimeted in the computations; thus,

test values for tail-off rolling-moment coefficient were more negative
than cstimated values. Slightly better agreement might have beon
obtained had somc attempt been made to computc the span loading
induced by the slipstream instead of using tho simpler relation of

il > 5

éQc’. The increment of rolling moment duc to the tail was under-

estimated; therefore, test values of tail-on rolling-moment
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coefficients were lese negative then computed values, One reason
for the difference may be the effect of the horizontal tail in
producing a positive rolling moment; this effect was neglected in
computations,

For most models at zero pitch and yaw a typical value
of dCq/38, would be about 0.002. About 16° total aileron deflec-

tion would thus be required to trim out the rolling moment on the
complete model with the propeller operating at B = 5°, 1In cases
for which the aileron power appears to be marginal it would be wise
to make more accurate estimations of the rolling moment.

Tt may be concluded, from the foregoing discussion, that
reasonably accurate estimztes of lsteral force and rolling and
yawing moments induced by the slipstresm at zero pitch and yaw
with flaps retracted may be made by using existing methods of
analysis except in cases for which the slipstream is displaced
laterally far enough to ceuse its effective edge to be very near the
vertical tail.

Stebility

Directional stability.- Values of Cpy at ChL =0 and at V¥=0,

measured from figures 14(b), 15(t), and 16(b), are presented in the
following table:

B = 15° B = 25° B = 35°

Tail length
V=0 Co =0 T Va0 Ch=0 | V=0 Ch=0

Short -0.0013 | -0.0025 }-0,0013 |-0.0025 {-0,0008 |-0.0028
Normal -.0028 | -.oohk | -,0023 | -.0049 | -.0010 | -.0043
Long -.0035 | -.0200 | -.001% | -.0087 | -.0003 | -.008k

As mey be seen, directional stability at V=0 decreased in
general with higher blede angle. Since, for a given tail length,
the values of Cn@, at Cp = 0 are almost cqual, this decrease in
gtability appears to be due to the vertical-tail stall occurring at
smaller yaw angles in the positive yaw range because of greater
twist of the slipstream., Exemination of the curves indicatecs that
increasing tail length placed the tail nearcr the edge of the
displaced slipstream so that the vertical tail effectively passed
out of the slipstream between 0° and 5° yaw on the long fuselage
with B > 15°,
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The value of an at C, =0 1is probably a better indication

of the directional stability under trim conditions than is the value
of Cnﬂf at ¥ =0. Values of an at Cp = 0 dincreased with tail

length and were relatively unaffected by changes in blade angle.

Effective dihedral,- The slopes of the rolling-moment curves
between -5° and 5° yow were measured on figures 14(b), 15(b),
and 16(b) to determine how effective dihedral varicd with blade
angle, For the short fuselage the rolling-moment curves were very
nearly parallel, Tor the normal and long tails the slopes of the
rolling-moment curves, however, remeined constant for blade angles
of 15° and 25° and decreasedofor the blade angle of 350. The decrease
amovnted to not more than 2%- effective dihedral, based on the
assumption that a value of Cyy of 0.0002 is equivalent to 1°
effective dihedral. This decrease for the long tail indicates that
the tail was near the edge of the displaced slipstream, which agrees
with the conclusion reached from the yawing-moment curves.

Lateral force.- The tests showed that the lateral-force
paremeter CYw. near zero yaw for the tail-off curves (figs. 1l4(a)

15(a), and 16(a)) increased with blade angle and tail length, as
would normally be expected. Chenging the blade angle had a negligible
effect on CYLU for the tail-on tests, Apparently the increase in

the side-force variation with yaw produced by propeller operation at
higher blade angles was canceled by a greater rate of change of
sidewash with yew at higher bladc angles.

Rudder-free characteristics.- From the data of figures 14(c),
15(c), and 16(c) the valuc of Ch, at zero yaw can be seen to
increase nonlinearly with blade angle or torque coefficient. No
consigtent variation is apparent between angle of yaw at which
rudder lock occurred and blade angle, torque coefficient, or yawing
moment at zero yaw. This inconsistency indicates that, in order
to predict rudder lock for a full-scale airplenc from wind-tumel
data, toats of the wind-tunnel model should be madc wnder conditions
corresponding to the thrust-torque relationshin of the full-scale
airplane. An attempt should also be made to reproduce the full-
scale thrust-coefficient and torque-coefficient distribution along
the blade elthough, in general, small changes in the distribution
should have only secondary cffects on the results.

Effect of rudder teb.- Comparison of the yawing-moment curves
of rudder-free tests for two rudder-tab settings on the model with
normal fuselage (figs. 15(c) and 15(d)) shows that a large positive
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teb setting was insufficient for trim and that it had a relatively
small end inconsistent effect in increasing the negative angle of
yaw at which rudder lock occurred. A large tab would have more
effect on trim and might have more effect on the angle of yaw at
which rudder lock occurrsd.

CONCLUSIONS

The results of wind-tunnel teste of a single-engine low-wing
airplane model equipped with a single-rotating propsller indicated
the following conclusions:

1. Values, at zero pitch and yaw with flaps retracted, of
lateral-force and yawing-moment coefficients contributed by the
tail and of rolling-moment coefficients may be estimated with
reasonable accuracy from calculations of slipstream characteristics
except in cases in which the vertical tail is very near the edge of
the displaced slipstream.

2. The slops of the yawing-moment curve near zero yaw decreased
as the propeller blade angle increased probably because of the
lateral displacement of the slipstrsem. The slope of the yawing-
moment curve near zero yawing moment (probably a better indication
of directional stebility) increased with increasing tail length
and wes relatively unaffected by changes in blade angle,

3. In general, the effective dihedral was the same for blade
angles of 15° and 25° and decreased for a blade setting of 35°.

4. Tail-off tests showed an increase in the slope of the
lateral-force curve with increased blade angle and tail length.

5. Yawing-moment curves of rudder-free tests indicated the
necessity of using full-scale thrust-torque relationships on models
used in wind-tunnel tests for determining the angle of yaw at which
rudder lock will occur.

€. Rudder-tab setting had a small effect on the angle of yaw
at which rudder lock occurred for the normal fuselage and the
effect was not consistent for the different values of blade setting.

Langley Memorial Asrcnautical Laboratory
National Advisory Committse for Asronautics
langley Field, Va., July 16, 1946
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TARLE ITI

MODUFL CONTROL-BURFACE DATA

Elevators Rudder
!
| Area, behind hinge line, sq ft . , . 0.592 (0} 547t
Balance area, sg £+ . .., .+« . . . , 0,158 0.102
Root-mean-square chord, behind
hinge ldne, ft ., , ., « + &« « » » « 0,198 0,32
Distance to hinge line from
1 fermal e g T8 L0 L 2 Gy e e Gk 3.63
Control deflection, deg . . . . . 30 up, 20 down 30 right, 30 left
Trim-tab erea, B8d £t o o ¢ o @ r s« » » 0,0012 0.00053
Tab derlesction, dog + « v o s » « =« 215 123
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Figure 1.- Drawings of the single-engine airplane model
showing the three tail lengths.(All dimensions are in

inches.)
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(b) Normal tail.

Figure 1.- Continued.
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(a) Short tail. fﬁL = 0.310

Loax e
(b) Normal tail. —L = 0.436

l A
(c) Long tail. -ﬁL = 0, 659

Figure 3.- Photographs of the single-engine
airplane model showing the three tail
lengths tested.
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Figure 4.- Isolated vertical tail of the single-engine
low-wing fighter model. (A1l dimensions are in inches))
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Figure 4.- Concluded.
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Figure 5.-Plan-form and blade-form curves for the
propeller used on the JSingle-engine low-wing
fighter model. D,diameter; R, Fadius;r,
slation radjus; b section chord; h, vection
thickness; 8, blade angle.
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Fig. l6c¢ NACA TN No. 1146
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