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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE NO. 1511 

FLIGHl' MEASUREMENTS OF THE LATERAL AND DIRECTIONAL 

srABILITY AND CONTROL CHARACTERIsrICS OF AN 

AIRPLANE HAVING A 350 SWEPl'BACK WING WITH 

4o-PERCENT-SPAN SLOTS AND A COMPARISON 

By S. A. Sjoberg and J. P. Reeder 

SUMMARY 

Flight testa have been conducted to determine the lateral and direc
tional stability and control characteristics of an airplane on which the 
wing panels are swept back 350 • For these teats, the wings were equipped 
with slots extending from 40 to 80 percent of the span of the 8weptback 
wing panels measured from the inboard end. Wind-tunnel tests were mad. 
of a model of the airplane and wherever possible the flight and wind-tunnel 
data have been compared. 

The directional stability was found to be positive with flaps up or 
down at all speeds tested. A large increase in dihedral effect with 
decrease in speed was noted, and the agreemept between flight and wind
tunnel measurements of dihedral effect was excellent except at high 
normal-force coefficients. Oscillations of the airplane and rudder 
resulting from abrupt deflection and release of the rudder were satis
factorily damped in all cases. The rolling motions involved in the 08cil
lations were greater than normal, however, and the ailerons tended to 
float in phase with the sideslip angle. Flight and wind-tunnel measure
ments of the aileron rolling effectiveness expressed by the rate of change 
of the rolllng-moment coefficient with total aileron angle dCl/dee were 

in excellent agreement. The maximum values of the wing-tip helix angle 
pb/2V reached in rudder fixed aileron rolls were low. At low speed the 
high dihedral effect caused a considerable reduction in the values of 
pb/2V that could be obtained. 

INTROIDCTION . 

Fl i ght tests are being conducted at the Langley Laboratory of the 
NACA to determine the low-speed stability and control characteristics of 

---- --~ 
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an airplane having a 350 sweptback wing. This paper presents the lateral 
and directional stability and control characteristics with slots along 
40 percent of' the span of the sweptback wing pa...""lels. These slots extended 
fram 40 percent to eo percent of the span of the sweptback wing panels 
measured fram the inboard end. Ylherever possible the flight results 

I 
are compared with results obtained on a 4.5-scale model of the airplane 

in the Langley 300 MPH 7- by lo-foot tunnel. 

COEFFICIENTS AND SYMBOLS 

CN normal-force coefficient (enw jqcs) 

8n acceleration normal to thrust axis, gravitational units 

W airplane weight, pounds 

qc impact pressure, pounds per square foot 

S wing area, square feet 

8a total aileron angle, degrees 

8r rudder angle, degrees 

~ sideslip angle, degrees 

Cl rol11n~oment coefficient (L /qcSb) 

Cn yawing-moment coefficient (N/qcSb) 

L rolling moment, foot-pounds 

N yawing moment, foot-pounds 

b wing span, feet 

.. angle of yaw, degrees 

pb/2V wing-tip helix angle, radians 

rate of change of rolling-mament coefficient with wing

tip helix angle (dCl/d~) 
V true airspeed, feet per second 

p rolling velocity, radians per second 
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AIRPLANE 

The airplane tested has the outer wing panels sweptback 350 at the 
quarter-chord line. A three-view drawing of the test airplane is shown 
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as figure 1 and general dimensions are listed in table I. Figures 2 and 3 
are photographs of the airplane. Wing slots which extended from 40 percent 
to 80 percent of the span of the swept back wing panels, measured from the 
inboard end, were installed on the airplane for the present tests. A cross 
section of the slot and the forward pert of the wing in a plane normal to 
the wing leading edge is shown in figure 4. 

The main landing gear of the airplane could not be retracted. The 
nose gear was retracted for the flap-up tests and extended for the flap
down teste. The variation of aileron position with stick-grip position 
is shown in figure 5 and the variation of rudder position with rudder
pedal position is shown in figure 6. Because of structural limitations, 
the airplane was restricted in sideslip. The maximum allowable side
slip angle varied from 15° at 130 miles per hour to 7° at 200 miles per 
hour. 

INm'RUMENTATION 

The following instruments were installed in the airplane: 

NACA instrument Measured quantity 
- -----_._--_ ._--------+-------------
Timer Time (for synchronizing all records) 

Airspeed recorder Airspeed 

Control-position recorders Aileron, rudder, and elevator positions 

Control-force recorders Pedal and stick forces 

Sideslip-engle recorder and Sideslip angle 
indicator 

Recording inclinometer Angle of bank 

Recording accelerometer Normal, longitudinal, and transverse 
accelerations 

Angular-velocity recorders Rolling and yawing velocities 

Free-air temperature indicator Temperature 
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Airspeed was measured with a swiveling static head mounted on a boom 
1 chord ahead of the right wing tip and a shielded total head mounted 
below the same boom. The airspeed installation was calibrated by means 
of a trailing airspeed head. Airspeed as used herein is calibrated 
airspeed, which corresponds to the reading of a standard Army-Navy airspeed 
meter connected to a pitot-static system free from position error. 

Sideslip angles were measured with a vane mounted on a boom 1 chord 
ahead of the left wing tip. In order to determine whether angularity of 
flow at the wing tip caused errors in the measured sideslip angles, a 
calibration flight was made with vanes mounted 1 chord ahead of both 
wing tips. The average of the two readings was assumed to be the correct 
sideslip angle. These tests showed that the angularity of flow varied 
from approximately 0.20 outflow at 110 miles per hour to 1.00 outflow 
at 200 miles per hour and that the angularity of flow was independent of 
sideslip angle. A correction has been applied to the measured sideslip 
angles to account for this effect. 

Aileron and rudder positions were measured at the control surfaces, 
and the elevator position was measured on the control cable about 8 feet 
forward of the elevator. 

TESTS, RESULTS, AND DISCUSSION 

The lateral and directional stability and control characteristics 
were measured in steady sideslips, directional OSCillations, rudder kicks, 
and aileron rolls. In order to ensure that propeller operation would not 
mask any effects of sweepback, all the tests except aileron rolls were 
made with the engine idling. Aileron rolls were made with power for 
level flight as it expedited the tests, and power effects on the aileron 
rolling effectiveness were expected to be negligible. 

Steady Sideslips 

The static lateral and directional stability and control characteris
tics as measured in steady sideslips are shown in figure 7 for the flap-up 
condition and in figure 8 for the flap-down condition. In the sideslip 
at Vc = 114 miles per hour (fig. 7(a)), the sideslip-angle range which 
could be covered was restricted in a right sideslip both by the available 
aileron deflection and wing stalling and in a left sideslip by wing 
stalling. 

The data show that the rudder-fixed and rudder-free directional 
stability, as measured by the variation of rudder angle and rudder force 
with sideslip angle, is positive with flaps up or down at all test speeds. 
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Inspection of the ai1eron-engle and aileron-farce curves of 
figures 7 and 8 shows a large increase in dihedral effect with decrease 
in speed. 
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This increase is shown mare clearly in figure 9~ where the variation 
of aileron angle with sideslip angle d5a/d~ is plotted against normal
force coefficient eN. The values of d5a /dfj were measured at zero 
sideslip angle. The pilot raised mild objections to the high dihedral 
effect which was present at low speeds because, in making landing 
approaches and landings, large lateral trim changes accompanied 
rudder movements. Figure 7(e) shows that the stick-free dihedral effect 
was negative at the highest speed tested, 198 miles per hour. The 
pilot objected to this condition, which at higher speed would probably 
became more pronounced. 

Sideslips were also made in the flap-up, engine-idling conditions 
with the airplane asymmetrically loaded. These flights were made by 
using gasoline fram the nose tank with one wing tank full and the other 
wing tank empty. This arrangement resulted in rolling moments about the 
center line of the airplane of apprOXimately !3200 foot-pounds. This 
rolling moment i8 believed accurate to within !300 foot-pounds. 
Figure 10 shows the variation of aileron angle with sideslip angle at 
different speeds with the asymmetric loadings. 

In figure 10 at zero sideslip angle~ the rolling moment due to the 
asymmetric load 18 balanced by the aileron deflections given. Therefore, 
the variation of rolling-moment coefficient with aileron deflection mB3 
be obtained and this variation is shown in figure 11 as the change in 
rolling-mament coefficient with change in aileron deflection. Figure II 
also includes data obtained in the Langley 300 MPH 7- by IQ...foot tunnel 
on the model of the airplane. The wind-tunnel data presented are for 
the model with slots along the outer 80 percent of the span of the swept
back wing panels. Same wind-tunnel tests were made without slots on the 
model. A comparison of these data with those obtained with slots on the 
model showed that slots had a negligible effect on the aileron effective
ness except at lift coefficients close to the stall. The agreement between 
the flight data and the wind-tunnel data is excellent. 

At the sideslip angles at which the aileron angle is zero in figure 10~ 
the rolling moment due to the asymmetric load 1s balanced by the rolling 
moment due to sideslip. The variation of rolling-mament coefficient with 
sideslip angle was thus obtained for various speeds and these data are 
presented in figure 12. For convenience in making a comparison with wind
tunnel data, the rollins-moment coefficients have been plotted against yaw 
angle rather than sideslip angle in figure 12. The yaw angle is 
numerically equal to the sideslip angle but is of the opposite sign. 
In figure l3~ the variation of dCL/d~ with normal-torce coefficient as 
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measured in flight is compared with the wind-tunnel results. Small 
differences between the flight and tunnel data may be expected from 
several sources. The wind-tunnel model differed slightly from the 
air~lane in these tests in that on the model the outboard end of the 
4o-percent slots was at the wing ti~ and on the air~lane the outboard 
end of the alots was located 20 ~ercent of the span of the swe~tback 
wing panels inboard of the wing tip. The flight values of dCl/d'f 
given in figure 13 cover a considerably larger range of yaw angles than 
the wind-tunnel values; however, the flight data are nearly linear 
through zero yaw. In the normal-force-coefficient range in which both 
flight and wind-tunnel data are available, the agreement i8 good... No 
direct comparison of flight and wind-~unnel measuremente of dihedral 
effect and aileron effectiveness are available above a normal-force 
coefficient of 0.94 since sideslips with the air~lane asymmetrically 
loaded were not made above this normal-force coefficient. The data 
of figure 9 show that the dihedral effect, as measured by d8a/dl3, 1e 

still increasing at a normal-force coefficient of 1.02, but the wind
tunnel data of figure 13 show that the dihedral effect is decreasing above 
a normal-force coefficient of approximately 0.97. Since the data were 
obtained near the maximum normal-force coefficient of apprOXimately 1.10, 
a decrease in aileron effectiveness may have occurred because of stalling. 
This decrease could account for the tendency of the value of d8a/dl3 
to increase in the flight tests. Tuft pictures indicate that the flow 
over the ailerons was quite unsteady near the stall. Also, the decrease 
in dihedral effect at high normal-force coefficients shown by the wind
tunnel measurements may be due to the relatively low Reynolds number at 
which the data were obtained. 

pynamic Directional Stability 

The dynamic directional stability characteristics were investigated 
by abruptly deflect ing and releasing the rudder and recording the 
resulting oscillation. Time histories of these maneuvers using both left 
and right rudder deflect tons are shown In figures 14 and 15 for th6 
flap-up, engine-idling condition and in figure 16 for the flap-down, 
engine-idling condition. In the oscillations at approximately 120 miles 
per hour (fig. 14) the pilot attempted to hold the stick fixed because 
insufficient elevator trim tab was available to trim the elevator stick 
force to zero. In the oscillations at approximately 130 miles per hour 
(fig. 16) f.he elevator stick force could still not be trimmed to zero, 
but in thts case the pilot attempted to hold. the elevator fixed while 
not resisting the mot ton of the ailerons. The oscillatlons at approxi
mately 200 mlles pe~ hour were made with the stick free. 

Oscillat ions of both the rudder and the airplane were satisfactorily 
damped. The rolling motions associated with the oscillations were 
relatively large. ThA ailerons, when free (figs. 15 and 16), oscUlated 

------- ------- --- - -
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for several cycles. The pilot objected to the stick "pumping" when he 
attempted to hold the stick fixed (fig. 14). The data indicate that the 
ailerons tended to float in phase with the sideslip angle and the aileron 
oscillation is not attributable to the rolling of the airplane. 

Wind-tunnel measurements of the directional stability gave a value 
of dCn /df3 of 0.002 in the flap-up, engine-idling condition. This 

directional stability is of a magnitude that could be obtained on jet
propelled aweptback-wing airplanes without using such an unusually large 
vertical tail as that on the test airplane, because the destabilizing 
effect of the propeller would not be present. 

Rudder Kicks 

Rudder kick8 were made at 120, 135, 160, and 200 miles per hour in 
the flap-up, engine-idling condition and at 110, 130, and 160 miles per 
hour in the flakHlown, engine-idling condition. In these maneuvers the 
pilot abruptly deflected the rudder and held it fixed in the deflected 
position while attempting to hold the control stick fixed. Typical time 
histories of these maneuvers are presented in figures 17 and 18 for the 
flap-up, engine-idling condition and in figure 19 for the f1ap-down, 
engine-idling condition. The maximum 8ideslip angle, rolling velocity, 
yawing velocity, and rudder force obtained are plotted as a function of 
rudder deflection in figures 20 and 21. In the low-epeed testa the air
plane turned into a spiral very rapidly and in these cases the maximum 
7&wing velocity used ie the first maximum that occurred. The data ahow 
that at low speed where the dihedral effect is"" h~gh the rudder is very 
effective in producing roll; but, as with straight wings, there is an 
appreciable lag between the time of application of rudder and the time 
that maximum rolling velocity is reached. 

Aileron Rolls 

Rudder-fixed aileron rolls were made at various speeds using power 
for level flight with the flaps up and down. Typical time histories of 
left and right aileron rolle made at 150 miles per hour with the flaps 
up are shown in figure 22. The aileroIl-i"oll data were evaluated to 
determine the variation of aileron effectiveness pb/2V and aileron 
stick force with aileron deflection. The data for the flap-up condition 
are shown in figure 23 and for the flap-down condition in figure 24. 

At 200 miles per hour with the flaps up, 300 of aileron deflection 
resulted in a yalue of pb/2V of 0.052 in a right roll and 0.059 in a 
left roll. At lower speeds the values of pb/2V were even sm8~ler. 
The flight values of pb/2V are considerably lower than those estimated 
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dCl 
~~ by using the relation = ~ and by neglecting the reduction 

C 2V lp 
in pb/2V resulting from dihedral effect and wing twist. 
dCljd8a of 0.00096 vas obtained from figure 11. A value 

A value of 
of Cl of -0.38 

p 
was determined by obtaining from reference 1 the value of Clp for the 

straight wing resulting from unsweeping the sweptback wing and multiplying 
this value by the cosine of the sweepback angle. A comparison of values 
of Cl obtained in wind-tunnel teste with values of C1 found by the 

p p 
preceding method show good agreement up to sweepback angles of at least 350 • 
For 300 of aileron deflection pb/2V was calculated to be 0.076, with no 
correction for the effects of sideslip or wing twist. 

A brief analysis showed that in flight the rolling moment due to 
dihedral effect caused a marked reduction in pb/2V. The reduction 
in pb/2V was largest at low speeds because of the higher dihedral 
effect and 18xger sideslip angles reached in rolls at low speeds. The 
wing of the test airplane had relatively low torsional ~tiffness; therefore, 
even at the moderate and low speeds tested, wing twist may have caused 
same reduction in pb/2V. 

CONCLUSIONS 

The conclusions reached concerning the lateral and directional 
stability and control characteristics of an airplane having a 350 sweptback 
wing with 4o-percent-epan slots may be summarized as follows: 

1. Both the rudder-free and rudder-fixed directional stability were 
positive with flaps up or down at all speeds tested. 

2. The dihedral effect as measured by the rate of change of 
rolling-moment coefficient with angle of yaw dCl/d. increased from 

0.0005 at a normal-force coefficient of 0.33 to 0.0025 at a normal-force 
coefficient of 0.94. The agreement between the flight and wind-tunnel 
measurements of dihedral effect vas excellent up to a normal-force 
coefficient of approximately 0.97. Above a normal-force coefficient 
of 0.97, the wind-tunnel measurements showed dClLdt decreasing. This 
decrease may have been due to the relatively low Reynolds number at 
which these tunnel data were obtained. Direct flight measurements 
of dCl/d. were not made above a normal-force coefficient of 0.94, but 
the flight value of d8a/d~ (rate of change of total aileron angle with 
sideslip angle) continued to increase and indicated that ' dCl/d. was 
still increasing. A part of the increase in d8~/d~ may have been due 
to a loss in aileron effectiveness near the stall. 
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3. Oscillations of the airplane and rudder produced by abruptly 
de~lecting and releasing the rudder were satis~actoril1 damped in all 
cases. The rolling motions involved in the oscillations were greater 
than normal, however, and the ailerons tended to float in phase with the 
sideslip angle. 

4. Flight measurements of the rolling mOOlent due to aileron deflec
tion gave a value of dC],/d8a o~ 0.00096. The wind-tunnel measurements 
of aileron ef~ectiveness were in excellent agreement with the flight 
measurements. 

5. The maximum values of wing-tip helix angle pb/2V reached in 
rudder-fixed aileron rolls were low. At 200 miles per hour, deflecting 
the ailerons a total of 300 resulted in a value of pb/2V of 0.059 in 
a left roll and 0.052 in a right roll. At lower speeds the values 
of pb/2V were even smaller. At low speed the dihedral effect caused 
a marked reduction in the values of pb/2V. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., October 15, 1947 
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TABIE I 

AIRPLANE DIMENSIONS AND CHARACTERISTICS 

Engine . • • • . . • • . 

Propeller: 
Diameter, ft ••••• 
Number of blades ••• 
Engine - propeller gear 

. . . . . 
ratio . . . . . . 

Allison V-17l0 

10·375 

Normal grOBS weight, lb. • • • • • • • • • • • • • • • • • • • •• 8700 

Wing: 
Span, ft ••.•••••••••••• 
Area, sq ft •••••••••••••• 

· . . . · . . 
Airfoil section (nOI"Jllal to wing leading edge) 

33.6 
• • 250 

Root •••• 
Tip . . . . . . . . . • • Modified 66,2x-1l6 (a=o.6) 

Modified 66,2x-2l6 (a-o.6) 
Mean aerodynamic chord, in ••••• 
Leading edge M.A.C. 

· . . . • . . . . . . . 93.6 

(in. behind t.E. root chord) •••••••• . . 39.3 
Aspect ratio •• • • • • • • • • • • . . . . • . • . 4.51 
Taper ratio • • • • • • • • • • • • • • • • • •• 1.84:1.00 
Di hedral, deg • • • • • • • • • • • • • • 
SWeepback (25-percent-chord line), deg 

• • • • • • • • • • • 0 · . . . 
Plain sealed wing flaps: 

Total area, sq ft • • • • • • • o • 

Span (along hinge line, each), in. •• . . . 
Travel, deg • • • • • • • • • • • • • 

Ailerons: 
Span (along hinge line, each) , in. • ••• 
Area rearward of hinge center line, each , sq ft • 
Travel , deg • 

Horlr:ont al t ail: 
Span, in . 
Total area, sq ft • • • • • • • • • 
Stabilizer area (including elevator balance), sq ft • 
Elevator area (behind hinge line), aq ft •••• 
Distance elevator hinge line to L.E. of M.A.C., in •• 
Elevator travel, deg 

• •• 35 

• • • • • 12 .52 
• • • 77.4 

45 

• 105 
6 .51 

• •• !17 

• • 175 
46.6 
37·0 

· . . . . • 9.6 
• •••• 240.9 

Upward • . . . . . · . . . . . . . . . 35 
15 Downward • • • • • • • • • • • • • • 

Verti cal tail: 
Fixed surface area (above horizontal tail, 

includi ng rudder balance), sq ft •••• 
Rudder area (behind hinge line), eq ft 
Total area, sq ft • • • • • • • • • • • 
Height along hinge line, in. •••••••••• 0 • 

Di stance elevator hinge line to L.E. of M.A.C., in. 

· . . . . . 

15.5 
• 8.3 
23.8 

• 78.87 
• •• 263 

Rudder travel, deg • • • • • • • • • • • • • • • • • •• *30 
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Figure 1. - Three -view drawing of test airplane. 
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Figure 2.- Front view of test airplane. 
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Figure 3. - Side view of test airplane. 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD . VA 

~ 
o 
~ 

t-3 
~ 

~ 
~ 
01 
~ 
~ 

~ 
01 



• 

- I 

_____ ___ c •. _ ___ ___ _ _ _ 



o 2 
I I ~ 

Figure 4. - Section of slot and forward part of wing in plane normal to wing leading edge. 
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Figure 8. - Steady sideslip characteristics with engine idling, flaps down, 
nose wheel down. 
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Figure 10. - Variation of aileron angle with sideslip angle in steady 
sideslips with airplane asymmetrically loaded. Engine idling; 
flaps up; nose wheel up. 



30 

I I I I 
Av. l{;=200m.oh 
Av.CN= 0 33 

--0 .-0---
W 6-~ ;-0-

0 

1 I .1 I 
Av. Vc=160mph 
Av. CN=o..s~ 

....---0 
~ 

if 
/V 

~ 
4 

~ 

H-cf 
~ 

12 (3 4 

f-<Y'-

~ 

rr::. 

V 

NACA TN No. 1511 

Io-=-< j.--b---< ..:-

~ ~ p 
frr 

o 32{)()f't-/b /OIling moment 
1"0 /e ff 

d 3200ft.-/b ro/lingm:Y1lent 
-to right-

l--D p---:-/-0 

V f..-V 

r; -0-
Jj-f--" 

~ 

~-
I T 1 

a 4 8 
Leff 51desllp angle" deg Rtqhf 

(b) CN = 0.53 and CN = 0 .33. 

Figure 10. - Concluded. 

_ J 



NACA TN No. 1511 31 

(0 Flight- data 
o Wind-tunnel daia ( BO-percent

span s 

e;v 
8 . .94 

: .73 

43 
/,r-!.33 

/ ~ 
I I 

/0 20 30 
Change in total Qi/eran 

angle) deg 

lots on m odel) 

Figure 11. - Variation of rolling-moment coefficient C L with aileron 

deflection <Sa ' Engine idling; flaps up; nose wheel up. 



32 

r--

8 
Left 

NACA TN No. 1511 

Av. ~ . c 
(mph) 

~ 0 /20 

V; ~ o /3S 
.-A) (.) /60 

~ ~ v C---6zoo 
:.....--~ 

I---t:=; V ./ 

10- / IT 
\.:. 

~ 
I I 

4 0 4 8 
Yaw qng/e) -V) deg Right 

0.94 
.73 
.53 
.33 

F igure 12. - Variation of r olling -mom ent coefficient C L with yaw 

angle ~( . Engine idling ; flaps up ; nose wheel up . 

I 
- I 

. I 

_J 



I -

NAeA TN No. 1511 

,008 

.004 

.002 

a 
o 

I I I 
-8- Flight 

- -0--- Wind tunnel 

#\ 
~ 

.... " 

.. ~ 
.,-

\ ~ 
~ 

-

.4 .8 
Norma I - force 
coef'Ticien"0 eN 

p 

~ 
I I 

/.2. 

33 

Figure 13. - Comparison of flight and wind -tunnel measurements of 
dihedral effect. Engine idling; flaps up; nose wheel up. 

I 

~~.j 



34 NACA TN No. 1511 

:rnJfjff IliflHJ 
40 

-h. 
~ 
.~ 
Q:: 0 

f\ 

po: 

l'--- . 

I 

--

v--

-

1\ 

\ 
\ 

-- f---1-

~-

A 
/ rJ 

v 

--f--
\. 
.-f---1 I-- -- I- - f.-

t-£/evcdor 
r-Rudder. 

.-f.-

f.-- f-- 1( - I-- I-- - -
- --

'--- To~a/ ~i/e7n 

,--.,. 
--' 

i ~:lJUU±lJ I I I I I I I I 

i-.. 10 
~ 

~O 
ct 

\l) 

-.J /0 o 

'\ 
7 
1 

fJ 

4 

\ I~ ...... h.. 

J 

8 /2 /6 20 24 28 
Time, sec 

(a) Right r udder deflection . 

Figure 14. - Time his tor y of the oscillat ion resulting from abrupt 
deflection and release of the r udder. Pilot attempted to hold control 
stick fixed; engine idling; flaps up ; nose wheel up ; V c = 120 miles 
per hour (approximately ) . 



NACA TN No. 1511 

:I~EfH IltHlllll 
--.. 

!1 ~~MI · I I I I I I I I I I I I I 
~~ 

i-.. 10 
-c: 

.~ 
~ 0 

{: 
I\) 

'-l 10 

t--

v 

L...J 

\ 

V 

r 

LJ 

o 

f- - - I-- -- - --I--~ 1--- - - -------~ 

t-Elevafor 

I'r-Rudder . 

\ T i-
f-- Total aileron_ 

I I I I . 

/ \ / '" ~ r-.... r-

/ \1/ 

l/ 

'" V f---'" 

1\ I I\. I/' r-.-f--- ---t----~ 

\. / 
~-

I I I 
4 8 12 16 20 24 28 

Time, sec 

(b) Left rudder deflection. 

Figure 14. - Concluded. 

35 



36 NAeA TN No. 1511 

::bHfHl-L--~I~1 I~-I I 
(~ 11111- 1111 

r lr Total !/eron 

-.i / Rudd er 
- -

\ I I 
- Eleva tor 

f\ /' -
"-

J V\ ~ 

V V 

( 1\ r-. 

\ I "-
~ 

4 8 12 /6 20 
TIme, sec 
~ 

(a) Right rudder deflection. 

Figure 15. - Time history of the oscillation resulting from abrupt 
deflection and release of the rudder. Control stick free; engine 
idling; flaps up; nose wheel up; V c = 200 miles per hour 
(approximately) . 

~~--~~~- -----~ 



NACA TN No. 1511 37 

be 

lh ~~}+Hf I F I ftij I t I 
-~ 
~~ .0 

0)""' t .1....1..) 

:B~ (\) 

~<+: """'40 r-

s::::: .... /0 f :t 
' Ci) ,~o... 
8. b)~::J 
_~ 0 

• *- 'l-.. ~ ~ \t-. ~ 
o q)O 
(j ~Q /0 

I r-Eleva.ror I 
t-- 1- --t-- t-- t-~ r- .-t--

T ~; ;]jk;6---;;- .-

/---- ~ r-- t-- t--- r--- r-~.--

n ........ 

r ) I 
N 1'-1ud1er 

(,) 

.4 \l) 

~ "i-... 
c:: ...t::: 
,tf ~~ 
~ ,~Q:: 
ts '= 0 .......... 1--. 1... ~~ 
-0 \l) 

-.I 

h /" -
1-""" 

'(3 ::t ,4 .Q 
~ .~ 
:::.. ~ct 
1... ·s 0 ~ 
::J ~"i-... 
b) ~tt-

/ 1\ /""-. ....... 1"---- t--

fJ 'v I~ 

c:: (}) 

~ -..J.4 

/\ 

- j ~ /' v- ---=-= 
~ 

4 8 12 /6 20 24 28 
Time) sec 

(b) Left rudder deflection. 

Fig-ure 15. - Concluded. 



38 

\J 

~ 
~ l:::: 
l:! 
~ 
c:" .... 
~ 

"::: 
\J 

.Q. 
~ 
> 

~ ..... 
:::. 
~ 
~ 

~ 
~ 
(:j 

1- 40 
-c: 
oQl 
0::: 

o 

04 
~ 
~ ~ 

~ 0 
~~ 

'lI .... 
.4-

~ 

~ 
~ ~ 

~ 0 
~i-... ...... 

CIJ 
'-I 

4 

""-
/0 

§, 
n:: 

~ 0 
V) 

~ ~ III 
V) '-I 

f\ 

~ 

'-

-.., 

/ 

/ 

\ 

\ 

NACA TN No. 1511. 

J-I'evator - 0- -- f--- I-- - - +--1---- - - --
R Tot al aileron ----.... ---r-- ---1-- -- - - 0-

~ r- .Rud if (> ,.. 

f\ 
\ /\ ~ 

J 1"-../ '---

V- I"- ~ t---.. ----V 

h 

/ \ /~ v---. 
./ i'--- ..--..... t--- f---

/ ['J 

~ I--

I I I 
4 8 Ie 16 ;:'0 

Tim e, sec 

(a) Right rudder deflection. 

Figure 16. - Time history of the oscillation resulting from abrupt 
deflection and release of the rudder. Pilot attempted to hold 
elevator fixed while not resisting aileron motion; engine idling; 
flaps down; nose wheel down; V c = 130 miles per hour 
(approximately) . 

, 



NACA TN No. 1511 39 

~, 

Jh ]3;JHHII Hj lid 
h 

/ 

ILElevator -h 1--- - - -f-- - I-- _ - -----L- -~ . - '- - f--- - --
h ~_ t-Total aileron 

f-J _--Ii 
Rtidder: 

h 

D i 

/ \ 
/"-

\ / V 
~ 

V 

/'. ,-. 

'v ,,---,/ "--./ -

4 

-%!"' 10 

~ ~ 
(:i ~ 
~~ 0 ij'1;5 

~ 1-... ...... 
V') <u 

-.J 

/ "\ 
~ \ / \ r-------. ~ ---- ~ 

/ ---- -
J 

~-
I T I 

4 8 Ii?- 16 Z.O Z.8 
Time, sec 

(b) Left rudder deflection. 

Figure 16. - Concluded. 



40 

u 
'll 

~ 
~ 
i; 
~ .... 

~ 
\) 
~ 
~ 

~ 
"§ 

~ 
~ 

130 

IZO 

.4 
~ 
~ !::: 
~ 0 
<:) 

Q::~ 
'll 

--.J 

4 
1-... 
~ 

~ 
~ 0 
~~ ....: 

III 
-....J 

.4 

10 
~ 
~ 

o 

- '-... 

1\ 

[ Rudder 
r-
~ .-f- ~E/evator.:.. 

...J 

\ -otal aile 

n 
/ \ 

\ 

/ 

./ 

/ 
~ 

"" \ / 
1'-' 

ron 

130 

11:0 

40 

o 

40 

. 10 

o 

10 

4 

o 

o 

.4 

10 

o 
~ 

NACA TN No. 1511 

I-----' 
V 

-

.-/ 
V 

~ I~ --r-
\...... r Elercd~ 

- h-f.--I 
\.'r-Tofal aileron 

I I 

I 
\... Rudder 

\ V\ 
/ 

\.., ~ V 
'-./ 

/\ 
J \ / " 

4 8 lao 4 8 
Time, sec 

Righf rudder X/ef<. 
Time, sec 

LeN ruc/der X icK. 

Figure 17. - Time histories of left and right rudder kicks. Pilot 
attempted to hold elevator and ailerons fixed; engine idling; 
flaps up; nose wheel up; V c = 120 miles per hour 
(approximately) . 

_ _ J 



NAeA TN No. 1511 

-

~'Ij~ 
llO ~Q) 

1: 9. ~ 
~\fjf 
'§~ 
~~ 190 

40 
....... .... 
i~ 

-<: 

~ 
Q.. , 0 .... Q) 

~~ it:: 'tj~ <II 

&: -J 

40 

c:::~ 10 
~ i-.. 

~ 

(\ 

llO 

/90 

40 

o 

40 

/0 

---... ----

./ 
v----

~ ;;; ~ 
~~ 0 V- Rud 

I 
der 

Total aileron 0 

"Total a/Ii ron 

15'ti 
~ 

~ 

u 
III 

~ 
~ 
i; 
~ 
~ 
\J 
~ 
~ 
I... 
~ 

::> 

~ 
q:: 

I 

~ :L- lL-f-::-, - - - - -- --f----Elevator 
QJ 

-...j 1'-£levCl tOI \ I 
10 10 ~udd 

.4 
i-.. 

~ 
~A:: 
~ 0 
~~ , 

'Il 
-...j 

.4 .... 
~ 

~ 
~ 0 
~ 
~:'-.. .....: 

Q) 
-...j 

.4 

10 
i-.. 

t Q2 

o 

L ~ -

/'... 

.4 

o 

.4 

o 

4 

/0 

o 

'-...../ 

../" "'---
\ V --~ ~ 

~ ~ 
-...j 

/0 0 4 8 10 0 4 8 
Ttme, sec Ttme J sec 

Right rudder Kick Left rudder tick 

er 

Figure 18. - Time histories of left and right rudder kicks, Pilot 
attempted to hold elevator and ailerons fixed; engine idling; 

41 

flaps up; nose wheel up; V c = 198 miles per hour (approximately), 



15 
0 
~:8 
.... Ill' 

~~ 
~~ 

t----

40 
~ -c: 
~ 
~ 

1\ 

a 
~ 
III 

--..J 
40 

IflellCltor 
t - J 'L 't-RI) dder 

r ..... k;-'/ I-~ 

L. lotdl CI/1. eron 

II \ 
I 

/ 
'-" 

r ~ v 

k 

/4 :L 

0 IZ 

4 0 

a 

40 

10 

o 

10 

.4 

o 

.4 

o 

.4 

10 

o 

~ 

v-
f--,-

\ 

"= 

/ 
II 

NACA TN No. 1511 

V 

~Elevdtor 

~fl 
LTotctl (//~ ero!? 

j.,lfudder 

~ 

J 

~ 

"--

\ ~ 
'-

\ / 0 
~ ~ 

/0 0 4 8 
limeJ sec 

RightrlJdder A,ek 

lOa 4 8 
limeJ sec 

Left rudder lOcK 

Figure 19. - Time histories of left and right rudder kicks. Pilot 
attempted to hold elevator and ailerons fixed; engine idling; flaps 
down; nose wheel down; V c = 130 miles per hour (approximately). 



NACA TN No. 1511 

"i..... /0 
-..c: 

~ 
o 

V 9 

Y , 
V / 

V ~/ 
~ 
r c/ 

~ 

/ 1/ 
V' 1/ 

/ r.1 ~ 
1/ if 

--c 

y ~ .--0 ~ ..---' 

0 p.-----0 ~ 
Y 

c n I~ 
"'C 

~ 
.... 

~ 
I~~ i'o 

'C "0 
In 

/0 0 /0 /0 0 /0 
Left Right Left Right ~ 

Chonge in rudder angle, deg ~ 

43 

(a) Vc = 120 miles per hour. (b) V c = 135 miles per hour. 

Figure 20. - Variation of maximum rudder force, rolling velocity, 
yawing velocity, and sideslip angle with rudder deflection in 
rudder kicks. Engine idling; flaps up; nose wheel up. 
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Figure 22 . - Time histories of rudder-fixed left and r ight aileron r olls. 
Engine idling ; flaps up ; nose wheel up ; V c = 1'50 miles per hour. 
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Figure 23. - Variation of aileron stick force and wing-tip heliX angle 2V 

with change in total aileron angle in rolls with rudder fiXed . Power 
for level flight; flaps up; nose wheel up. 
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Figure 24. - Variation of aileron stick force and wing-tip helix angle pb 
2V 

with change in total aileron angle in rolls with rudder fixed. Power 
for level flight; flaps down; nose wheel down. 
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