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EFFECT OF HORIZOHTAL-TAIL POSITION ON TEE HINGE MOMENTS 

OF AN UNBALANCED RUDDER IN ATTITUDES 

SIMULATING SPIN CONDITIONS 

By Ralph. W. Stone, Jr. and Sänger M. Burk, Jr. 

SUMMARY 

An Invest3gatIon was made in the Langley 15—foot free-spinning 
tunnel to determine the effect of horizontal—tail position on rudder 
hinge moments in attitudes simulating spinning conditions. Hinge- 
moment measurements were made on on unbalanced rudder on a rectangular 
vertical tail for six positions of the horizontal tail. The hinge— 
moment measurements were supplemented "by tuft tests to determine the 
air flow about the vertical tail. 

The results of this investigation are based on the rudder—pedal . 
forces of the airplane without regard to the effectiveness of the 
rudder in prod\icing recovery from a spin. In general, the results 
indicated that a low rearward position of the horizontal tall gave 
the smallest rudder hinge-moment coefficients, which, in biim.. 
indicated that the rudder shielding was greater for this position of 
the horizontal tail than for other positions. Conversely, a high 
forward position gave the largest rudder hinge-moment coefficients,   
which indicated the least ruddor shielding for this horizontal—tall' 
position. The results of tuft observations of air flow about the 
vertical tail substantiated these results. The rudder hinge-moment 
coefficients generally decreased in magnitude with increased angle 
of attack for all horizontal—tail positions. The effect of rudder 
deflection on rudder hinge-moment coefficient was not appreciably 
affected by the horizontal—tail positions except in very flat spins. 
Computations of rudder—pedal forces based on the results of the 
tests and upon empirical drag-coefficient data of spinning models 
indicate that for all tail positions the highest forces are obtained 
at the lowest angle of attack in the spin. The pedal forces for 
airplanes in the light-airplane category are well within the capabili- 
ties of the pilot for all angles of attack. For heavier airplanes, 
the rudder may require some form of balance, particularly if the spins 
are steep. 
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nfc'KOKJCE'ION 

The problem of spin recovery is considered to be one of great 
importance for all airplane designs. Methods of obtaining effective 
tail dösigas for spin recovery of airplanes have been presented in 
reference 1. Such tail designs, however effective, do not produce 
recovery if the controls cannot be moved as such movement is 

• generally necessary for recovery. Th3 control forces of either the 
elevator or the rudder may be excessive and thus recovery may be 
pravonted. Estimations of elevator hinge moments and the corresponding 
stick forces in spins have been presented in reference 2. The present 
investigation was undertaken to provide general information on the 
pedal forces in spins without regard to the effectiveness of the 
rudder in producing recovery. 

At the high angles of attack encountered with a spinning airplane 
the vortical tail may be shielded by the horizontal tail, fuselage, or 
wing. The present investigation provides information on pedal forces 
in spins with particular reference to the effect of the position of 
the horizontal tall. The wake of the horizontal tail may shield the 
vertical tail and influence the rudder control force — the extent, in 
general, depending on the relative positions of the horizontal and 
vertical tails. 

The tests were performed in the Langley 15-foot free—spinning 
tunnel with an unbalanced rudder and elevator on rectangular vertical 
and horizontal tails.. The hinge-moment measurements were supplemented 
by tuft tests to determine the general nature of the air flow about 
the vertical tail at high angles of..attack. Six different positions 
of the horizontal tail were investigated ao well as the vertical tail 
alone. 

COEFFICIENTS AND SYMBOLS 

Cfc   rudder hinge-moment .coefficient (H/qbrc"r J 

Cj,   drag coefficient of airplane (D/qS) 

F   rudder—pedal force (positive when push force is on right rudder 
pedal), pounds 

H   rudder hinge moment (positive when it tends to deflect rudder 
to left), foot—pounds 

dynamic pressure, pounds per  square foot m 
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p maas density of air, slugs per cubic foot 

7 true rate of descent, feet per second 

"br rudder height, feet 

cr root-mean—square chord of rudder (rearward of hinge axis), feet 

D drag of airplane, pounds 

S wing area, square feet 

W normal gross weight of airplane, pounds 

2r total rudder—pedal travel (assumed as Q.^ ft), feet 

8r   rudder deflection with respect to fin (positive when trailing 
edge is to left), degrees 

a   angle of attack referred to chord of horizontal tail, degrees 

ijr   angle of yaw (positive when nose of airplane is to right of 
flight path), degrees      

ß    angle of sideslip (positive when relative wind comes from 
right of plane of symmetry), degrees 

C'he  rate of change of rudder hinge-moment coefficient with 
^r  -rudder deflection 

Cjj.  rate of change of rudder hinge-moment coefficient with angle 
*    of yaw 

APPARATUS 

A plan view and side view of the rectangular vertical and 
horizontal tails used"for the tests are presented in figure 1. A 
sketch of the model mounted in the Langley 15-foot free-spinning 
tunnel with a dashed outline of a fuselage sketched in for reference 
is -shown in figure 2. Figure 3 is a photograph of the vertical tail 
alone mounted in the tunnel. A photograph of the tail assembly with 
the horizontal tail in a typical position (low center position) in the 
tunnel is presented in figure k.    The tails were made of laminated 
mahogany and had NACA 0009 airfoil sections; and the elevator and 
rudder chords were 33.3 percent of tfce airfoil chord. The gaps 
between the movable and fixed surfaces were unsealed. The elevator 
and rudder had no aerodynamic "balance. The rudder, however, was mass 
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•balanced so that ao moment would be exerted on the strain gage because 
of the weight of the rudder. 

The six combinations of the horizontal tail mounted on the vertical 
tail are sJcetched in figure 5 and are as follows: 

Position Is The low forward position for which the chord line of 
the horizontal tail was 1 inch above the bottom of the vertical tail 
and the elevator hinge line was forward of the rudder hinge line by 
approximately "lv rudder chord. 

Position II: The low center position for which the chord line of 
the horizontal tail was 1 inch above the bottom of the vertical tail 
and the elevator hinge line coincided with the rudder hinfje line. 

Position III: The low rearward position for which the chord line 
of the horizontal tail was 1 inch above the bottom of the vertical tail 
and elevator hinge line was rearward of the rudder hinge line by 1 
rudder chord. 

Position IT: The high forward position for which the chord line 
of the horizontal tail was at a height midway of the vertical tail and 
the elevator hinge line was forward of the ruddor hinge lino by approxi- 
mately 1 rudder chord. 

Position V: The high center position for which the chord lino of 
the horizontal tail was at a height midway-of the vertical tail end 
the elevator hinge line coincided with the rudder hinge line. 

Position 71i The high rearward position for which the chord line 
of the horizontal tail wae at- a height midway of the vertical -call and 
the elevatcr hinge line was rearward of the rudder hinge line by 1 
rudder chord. 

The dimensional characteristics of the horizontal and vertioal 
tails are as follows: 

Vertical tail surfaces: 
Total area, square inches 216 
Span, inches . , ........   18 
Chord, inches   12 
Rudder root-mean-square chord, inches .........   h 
Aspect ratio ..... " 1.5 
Rudder area for positions I, II, IV, 

and V, square inches ................  72 
Rudder area for position HI, square inches 65.25 
Rudder area for position VI, square Inches 67.00 
Airfoil section NACA OOO9 
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Horizontal tail surfaces: ...... 
Total'area, square, inches ...-.*......... ^1^.26 
Gpan, inches .................... 36 
Chord, inches , , , ,  12 
Aspect ratio  3.13 
Elevator "area, sqtiare inches  lZo.^6 

•  Airfoil.section . .- NAC\OG0g| 

• Because of construction difficulties, the horizontal tail was 
actually moved k.38 inches forward of the rudder hinga line for the 
forward position, whereas in the rearward position it was h.00  inches 
(l rudder chord) rearward of the.rudder hinge lire, For the two . 
rearward positions of the horizontal tail (positions III and VI) 
cut—outs were necessary in the lower and center parts (respectively) 
of the redder to allow it to swing over the stabilizer. (See fig. 1.) 
A second rudder was constructed with cut-outs for these rearward 
horizontal—tail positions. A cut—out, made in the elevator, (i'ig, 1) 
to allow the rudder to- swing through its desired range fbr horizontal- 
tail positions II and 7, was retained for all other tail positions. 

The elevator and rudder -were held .by a friction clrm.D at tho 
desired deflection on the hinge rod, and all deflections were set 
"by templets. The rudder hinge moments were measured electrically 
by a strain gage. This £ßgß  was calibrated by applying a series of 
known moments to the rudder. 

The tufts used to determine ths general nature cf the air' flow 

about the vertical tail were.fine silk threads approximately li- inches 

in length. Two rows of tufts at approximately 1—inch intervals were 
attached to each side on'  the vertical tail by Scotch cellulose tapej 
one row was placed along the fin and the other was placed along tho 
rudder. 

TESTS 

The tests were conducted in the Langley 15—foot free—spinning 
tunnel which has a turbulence factor of I.78.    All tests were Eads 
at a dynamic pressvre of 2.66 pounds per square _oot, which" corres- 
ponds to an airspeed of 32.3 miles per hour under__standard, sea lovol. 
conditions. 

The attitude of the tail assembly was varied to give th3 desire 
angles of attack and sideslip..    The angle of sideslip was simulated by 
the anglo of yaw as shown in figure 2.    The desired values of sideslip 
were obtained by yawing the model about the stability Z^-axis, which is 
perpoiidicular to- the vertically rising airstream.    The stability axes 
are defined as an orthogonal system of axis in which the Z-exie is in 
the plane of symmetry and perpondicular to the relative wind, the X-axis 
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is in the plane of symmetry and perpendicular to the 2-axis, and the 
Y-axis is perpendicular to the plane of symmetry. 

Hinge-Moment Tests 

In order to simulate spinning conditions for the hinge-moment tests, 
the model was tested throughout an angle-of-attack range from 0° to 90° 
in 10° increments and through a yaw range of 30° to -30° in 10° incre- 
ments. The angles of yaw as set on the model may he interpreted as 
angles of sideslip that would he encountered at the tail of an airplane 
in a spin. The actual angle of sideslip is equal in magnitude to the 
angle of yaw hut has the opposite sign. The angles of attack as set 
represent the angles of attack of the stabilizer and not angles of attack 
of the vertical tail as an airfoil. The rudder at each angle of attack 
and yaw angle was deflected from 0° to 30° in 3.0° increments. For the 
foregoing conditions, the vertical tail was tested with the horizontal 
tail in each of the six positions and also with the horizontal tail 
removed. The elevator deflection was zero for all tests. 

As there was no fin offset, results obtained with a positive rudder 
deflection may also he considered as representative of negative rudder 
deflection provided the hinge-moment coefficient signs are reversed. 
Eaoh configuration, therefore, represents a spin with the rudder set 
either with »r against the spin. For example, a negative angle of yaw 
with left rudder may he considered as representative of outwsrd sideslip 
in a left spin with rudder with the spin or of inward sideslip in a right 
spin with rudder against the spin. Similarly, a positive angle of yaw 
with left rudder may he considered as representative of outward sideslip 
in a right spin with rudder against the spin or of inward sideslip in a 
left spin with rudder with the spin. Table I shows in detail how the 
various figures may be interpreted for a right or left spin and how the 
angles of yaw may ho interpreted to represent sideslip. 

Tuft Tests 

Tuft tests were made on the vertical tail for various positions of 
the horizontal tail and for the condition with the horizontal tail 
removed. These tests were arbitrarily made at angles of attack of 0°, 
10°, 20°, 50°, and 80° and for angles of yaw of 0° and -15° when the 
horizontal tail.was installed and for 0° and ^20° when the horizontal 
tail was removed. 

CORRECTIONS 

No corrections were made .for the effect of the tunnel walls on the 
tail surfaces as the size of the surfaces was small compared to the 
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diameter of the tunnel and the corrections would therefore be negligible. 
Strut Interference effects have also "been neglected. At first the 
rectangular wooden arm which supported the vertical tail (fig. 3) 
was expected to cause an increase in the effective aspect ratio of the 
vertical tail. The hinge-moment tests with the horizontal tail removed, 
however, gave coefficients of the order expected for a rudder on a tail 
of aspect ratio 1.5 as computed exclusive of the supporting member which 
indicates negligible interference effects. 

RESULTS AND DISCUSSION 

Rudder Hinge Moments 

Rudder hinge-moment coefficients obtained from tests of the 
vertical tail in various combinations with the horizontal tail are 
presented in figures 6 to 1^, In order to show the shielding effect 
of the horizontal tail on the vertical tail, the hinge-moment coef- 
ficients obtained from tests of the vertical tail alone have been 
plotted on these same figures. The analysis of these data is based 
on aerodynamic forces on the rudder without regard to any frictional 
or centrifugal forces that may exist on the airplane control surfaces 
in a spin. 

Effect of angle of attack on rudder hinge-moment coefficients.— 
The variation of rudder hinge-moment coefficient with angle of attack 
for various positions of the horizontal tail and with the horizontal 
.tail removed are presented in figures 6 to 9. The rudder hin^e-moment 
coefficionts for all positions of the horizontal tail decreased in 
magnitude from those for the vertical tail alonej this amount of 
decrease increased, in general, with angle of attack. The coefficients 
changed with angle of attack so that they generally approachod the line 
of zero hinge-moment coefficient at very high angles of attack. 

In a very few cases the hinge-moment coefficients of the rudder 
in the presence of the horizontal tail changes sign from those of the 
rudder alone. This tendency is analogous to overbalancing in that the 
rudder tends to float in the direction opposite to that expected. 

In general, the high forward position of the horizontal tail 
(position IV) led to the highest values of rudder hinge-moment coefficient, 
whereas the low rearward position (position HI) led to the lowest values. 
These results indicate that position IV produced the least rudder shielding 
or blanketing effect, whereas position III produced the most shielding. 
The shielding effect of the horizontal tail on the vertical tail waB small 
at low angles of attack (0° to 10°) but increased as the angle of attack 
increased. The relative difference in the shielding effect caused by 
tail position was small at low angles of attack (0° to 20°) but generally 
increased as the angle of attack increased up to angles of attack of 
about 80°, beyond which the relative difference tended to decrease again. 
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Effect of rudder deflection on rudder hinrre-moment coefficients.— 
The variation of rudder hinQe-moinent coefficient with rudder defloction 
for various angles of yaw is presented in figures 10 .to 12. These 
figures are cross plots of figures 6 to 9 for a range of angles of yaw 
most commonly encountered in spins. The slope C^   wi?s not greatly 

affected "by the installation of the horizontal tail on the vertical tail 
or by the various positions of the horizontal tail at low and moderate 
angles of attack hut decreased negatively an appreciable amount at high 
angles of attack (60° and 80°) which simulate the conditions for very 
flat spins. 

Effect of yawon rudder hinge-moment coefficients.— The variation 
of rudder hinge-moment coefficient with anglo of yaw for rudder deflec- 
tions of 0° and 30° is presented/in figures 13 and Ik.    The specific 
rudder deflections of 0° and 30° were choson to represent neutral and 
full rudder deflection in a spin. These figures were obtained by cross- 
plotting from figures 6 to 9. 

The slope C^  was not appreciably affected by the installation 

of horizontal tail at low angles of attack. In the normal spinning 
range of angle of attack (30° to 50°) and for high angles of attack, 
however, there was a marked change in the slopes. As previously indicated, 
the slope C^g . was not-affected in the normal range of-angle of attack. 

Therefore, the direct effect of shielding of the rudder by the horizontal 
tail in the normal spinning range of angle of attack is to chango the 
values of Cv, . 

Tuft Tests 

Some indication of the shielding effect of the horizontal tall on 
the vertical tail was obtained from tuft observations, The results of 
the tuft tests are presented in figures 15 to 21. The photographs give 
some indication of the shielding effect of the horizontal tail on the . 
vertical tail and in general substantiate the results of the hinge- 
moment tests. 

Application of Hinge-Moment Data 

The hinge-moment coefficients presented herein may be used to 
estimate, the. rudder—pedal forces required to reverse the rudder on an 
airplane, in a spin, provided that the angle of attack and sideslip at 
-Dhe tall are known. The rudder—pedal force is 

8rir .  - 

F = Chgcr
2b, 

r 1801, 
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In a steady spin the weight of an airplane equals its drag; therefore, 

W = D = C^qS 

or 

By substitution, then, 

q -E& 

- chcircr MSÖTV U) 

The variation of .drag coefficient with angle of attack for a spinning 
airplane is given in figure 52. This curve was determined from an average 
of experimental values obtained from spin-^tunnel tests of numerous models. 

In order to illustrate this method of computing the rudder—pedal 
fraroes fer a specific design, the following example is given. Consider 
an airplaae • that has a tail cepifiguration similar to th© high rearward 
position-of the horizontal tail (position 71),  a normal gross weight of 8000 

pounds,- a vlBg_.area of 270 square feet At = 29.6 lb/sq, ft), and a vertical 

tail area -öf~25-sq7iare f«©t. Assume, that the airplane is spinning to the 
right- at an-altitude- of 15,000 feet at en angle of attack of 30° with 
20° outward sideslip at the tail and that the rudder is deflected' 30° 
against the spin. From figure 22, the drag coefficient is found to "be 
0.7^. The rudderi-podal force, can now "be determined. The total pedal 
travol is assumed to "be 0.54 feet and the total rudder deflection, 60°. 
The rudder dimensions are-assumed to be proportional to those of the 
model used in the current teBts (br, 6.12 ft and c"r, I.36 ft). From 
table I, if the airplane is assumed to be in'a right spin, the rudder 
30° against the spin, and the sideslip 20° outward, the figure that 
applies to this condition can be. detormined. In this case, the figure 

' is 9(b) 'and the value of the hinge-moment coefficient is -0.255. Thus, 
substituting this value in the force formula (equation (1)) gjves a 
rudder—pedal force of —222 pounds. This push force is that which is 
required on the left pedal to move the rudder fully against the spin. 

In order to determine the magnitude of the rudder—pedal forces 
likely to be encountered with airplanes in a spin, computations have 
been made for three representative sizes of airplanes for different 
horizontal—tail positions and for the vertical tail alone. The airplanes 
represented are light-airplane, fighter, and light—bomber types. Weights 
of 1500, 10,000, and 20,000 pounds were chosen, respectively, for "these 
types. The wing areas used for the three types were 165, 305, and 1*75 
square feet, respectively, and respective vertical tail areas of 12.0, 
28.5, and 55.5 square feet were used. These areas were determined from 
an average of areas for numerous airplane designs tested in the spin 
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tunnel. The proportions of the vertical, tail and rudder were assumed 
to be proportional to those of the model used for the current hinge- 
moment tests. For these computations, the angle of sideslip assumed 
was zero, the rudder deflection used was 30°., and the value of p was 
arbitrarily taken at an altitude of 15,000 feet. The results of the 
computations are plotted on figure 23. 

For airplanes in the light-airplane category (fig. 23(a))» it 
appears that, for any position of the horizontal tail or for the 
vertical tail alone, the rudder—pedal force required to set the rudder 
against the spin in no case exceeds 1^0 pounds. This force is much 
smaller than the maximum of approximately 1+00 pounds that a pilot can 
exert on a rudder pedal. (See reference 3.) Figure 23(a) also indicates 
that the horizontal—tail position affects the rudder-pedal forces of 
light airplanes only slightly, because the maximum force for any 
horizontal—tail position or for the vertical tail alone Is relatively 
small. Only one curve was drawn through the numerous points for the 
various positions of-the horizontal tail in this particular figure. 
Thus, for a light airplane it seems that the rudder—pedal forces 
encountered In spins should be well within, the capabilities of a pilot 
regardless of horizontal—tail position. 

For larger and heavier airplanes (fig. 23(b) and 23(c)) the pedal 
force is shown to be. larger at any given angle of attack because of the 
larger control surface and because of the increase in rate of doscont 
in the spin. 

If-a fighter airplane spins at an angle of attack of 30° or greater 
(fig. 23(b)), or if a light bombor airplane spins at an angle of attack 
of 50° or greater (fig. 23(c)), the rudder-rpedal force necessary to 
reverse the rudder at these attitudes should be within the pilot's 
capabilities. Below these respective angles of attack, however, some 
type of rudder—balance or booster system may be used to overcome the 
excessive forces. For example, In figure 23(c) a light bombor, spinning 
at an angle of attack of 30 with the horizontal tail in the low rear- 
ward position, (position III), must have at least 30 percent of the 
unbalanced rudder force balanced out in order to bring the pedal forces 
within the limits of the forces that the pilot can exert. 

In general, from an angle of attack of 10° to 1+0° (fig. 23(b) and 
23(c)),  the force gradient for all horizontal—tail positions was very 
steep, which indicates that a small change in angle of attack led to a 
large change in pedal force. This result may be taken as an indication 
that, as the angle of attack decreases during the recovery, the pedal 
force required to maintain the rudder full- against; the spin increases. 
The low rearward position (position III) of the horizontal tail, in 
general, required the smallest pedal force to reverse the rudder fully 
or to maintain it full against the spin for any given angle of attack, 
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whereas the high forward position (position TV) required the largest 
force. Spin-tunnel results have indicated that, for the low rearward 
positions of the horizontal tail the rudder may "be ineffective in 
producing a recovery and, for high forward positions of the horizontal 
tail, the rudder is generally effective in producing a recovery. Thus, 
for high forward positions of the horizontal tail maintaining the rudder 
full against the spin may not "be necessai-y to obtain a satisfactory 
recovery, and such horizontal—tail positions may therefore not neces- 
sarily require large pedal forces for satisfactory recoveries.       _ 

CONCLUSIONS 

The results of the investigation to determine the effect of 
horizontal—tail position on the rudder hinge-moment coefficients and 
pedal—force characteristics of an unbalanced rudder with rectangular 
plan form in attitudes simulating spin conditions indicate tho following 
general conclusions without regard to. the effectiveness of the rudder 
in pi-oducing a recovery: 

1. The low rearward position of the horizontal tail gave the     / 
smallest rudder hinge-moment coefficients and pedal forces, which thus * 
indicates that the shielding effect of this position was large relative 
to the other horizontal—tail positions. Conversely, the high forward    / 
position gave the largest hingewaoment coefficients and pedal forces    J 
which indicates that the relative shielding effect of this position was 
small* Tuft observations substantiated these relative shielding effects. 

2. The rudder hinge-moment coefficients generally decreased with ^/ 
an increase in angle of attack for all horizontal—tail positions. 

3. The rate of change of the rudder hinge-moment coefficient with 
rudder deflection was not appreciably affected by the horizontal—tail 
position except in very flat spins. 

k.    The rudder—pedal force for a light airplane for recovery from 
a spin, should be well within the capabilities of the pilot. For heavier 
airplanes, the rudder may require some form of balance, particularly if 
•*:he spins are steep. 

J 
/ 
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5. The pedal force required for full rudder reversal for recovery 
from a spin increases rapidly as the airplane angle of attack in tho ^ 
spin decreases, especially at relatively low angles of attack. 

Langley Memorial Aeronautical Laboratory 
Ne,tional Advisory Committee for Aeronautics 

Langley Field, Va., March 26, igh'j 
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TABLE I 

INTERPRETATION OF RUDDER BINGE-MOMENT COEFFICIENT CURVES FOR RIGHT 

OR LEFT SPIN 

Rudder 
doflection, 5r Direction of sideslip (right spin)*3 

With splna 0 Inward Outward — — — 

Neutral — — — 0 Outward Inward 

Against spin 0 Outward Inward — 

Direction of sideslip (left spin)15 

With. Bpin 0 Inward Outward •* — .*• --,- ___ 

Neutral ~__ — — 0 Inward Outward 

Against spina 0 Outward Inward »_> — — 

Read C^ 

fron figs,- 

7(d) 
8(d) 
9(d) 

7(a), 0>), (c) 
8(a), (b), (c) 
9(a), (h), (c) 

7(a), (f), (g) 
8(e), (f), (g) 
9(e), (f), (g) 

6(d) 6(a), (*), (C), 6(e), (f), (g) 

H 

-5 

aSign of rudder hinge-moment coefficient, deflection, and anglo of yaw must he reversed 
for this condition. 

^Sideslip at the tail of the airplane is opposite in sign and egual in magnitude to values of 
i|r presented in figures. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS ß 
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Figure 1.-   Plan and side views of the rectangular vertical and 
horizontal tails.   Dimensions are full scale. 
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Figure 2. -   Horizontal and vertical tail in attitude simulating spin with 
fuselage of airplane sketched in for reference.   Arrows indicate 
direction of positive values of angles. 
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Figure 3.-  Vertical tail mounted in Langley 15-foot free-spinning tunnel. 
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(h)   Right-side view. 

Figure 4.-   Photographs of vertical tail with horizontal tail in position II. 
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Sketches of vertical tail in six combinations with 
horizontal tail. 
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Figure 6.-   Rudder hinge-moment coefficient as a function of angle of 
attack at   6=0°   for various angles of yaw and positions of 

horizontal tail. 
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Figure 7.-   Rudder hinge-moment coefficient as a function of angle of 
attack at  6    = 10°   for various angles of yaw and positions of 

horizontal tail. 
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Figure 8. -   Rudder hinge -moment coefficient as a function of angle of 
attack at   5r   =   20°   for various angles of yaw and positions of 

horizontal tail. 
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NACA TN No. 1337 Fig. 9a 
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Figure 9.-   Rudder hinge-moment coefficient as a function of angle of 
attack at  5

r = 30°   for various angles of yaw and positions of 
horizontal tail. 
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Figure 11.-   Rudder hinge-moment coefficient as a function of rudder 
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of horizontal tail. 
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Figure 12,- Rudder hinge-moment coefficient as a function of rudder 
deflection at t = -20° for various angles of attack and positions 
of horizontal tail. 
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horizontal tail. 



Fig. 14c,d NACA TN No. 1337 

.1 

—1\ 

• 

J 

-3 Ool 

\2p~-—-^ 
.0 

~30      -20      -/£>     \Q  ,      /O        ZÖ       30 
MCdeg 

Cc) OC--Z0*. 

-fo        o       lö 
'J GGP NATIONAL ADVISORY 

Cd!) CC - 40°. COMMITTEE FO« AEROKAUTICS 

Figure 14.-   Continued. 



NACA TN No.  1337 Fig. 14e 

-10        o        /o 
Yjdeff 

(e) oc = 60°. 
Figure 14.-   Continued. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



Fig. 14f NACA TN No. 1337 

,3, 

.2 

7/ 

T2 

Ch S 

-5 

-6 - 

-7 

-6 

-.9 

5j\^v 

^ 

4^      NsJcO^N- 

/-fgr/zoA 
rau  posj 

V       I 
'7V0/7 \     ^ f\ i 

k    m 

_Q       IT 

O   Verhex 

\\ 1      i: 

'/ /W ohne 

i 

-A?    -^0 

(f)cc--öö°. 

2.0        36 
NATIONAL ADVISORY 

COMMITTEE FOfl AERONAUTICS 

Figure 14.-   Concluded. 

T 



Right spin 

a = 0V 

y = 0 
o 

a  « 0 

+ = 30 

Right spin Right spin 

+  =-20' §• 

Co 
CO 

a =10° 

t =0° 

a - 10l 

* = 20c 

a = 10ü 

t = -20( 

a = 20' 

t -0° 

Figure 15.- 

a = 20° 

• » -20C 

Photographs of tuft tests performed on vertical tail alone in Langley 15-foot 
free-spinning tunneL 

13! 
TO 

WIOKAI »Cwiortv catiutTTtE PQit «inaiwrKt 

LA+xcy MEMORIAL *enow*une*L UUOHATOKT - LANOLTY »nur  V* 



nigrn; spitj Right spin 

n    -  CAO 
—   — uu 

t   = -20° 

Right spin 
HI 

to 

a = 80° 

= nO t =0 

a  = 80° 
J. CV%D 

Figure 15.-  Concluded. 

wnowi UVIMMV Wim re. AEIWMUT«» 
LAWt£r   KMMUL   «SMHWTCAL   L«M«».v  • —•        i*nviBr   riKLD.  yft 

CJ1 



*1 I! 
O 

P 

II 

o 

II 
o 
o    o 

o 
o o 

o o 

£ 

IE 
1 

5 

£ 5 

is 

P CT> 
f "' 

I H I—• £3* 
(D O 

en 4 

2.» 
i-h 

Q 
CD 
i 

Ej" 
2. i 

a 

% 
m 

13 

s ° 
g.8 
M o 
o  £J 

M   CD 
§   3- 

o 

ra 

o 

o o 
B 

•    p 
3 

8" 
»-* 
N 
O 

i 

-* p 

n !l 

o 
8 o 

p 

6" 
e*- 

T3 

S 
•& 
CO 

en 
o 

P 
H 
O 
o 

en 

TO 
S" 
c+ 
u 

9T *2M LSST 'OH Ni VOVN 



a = 50' 

* = 0° 

Left spin Right spin 

a- 50u 

t = -15C 

Left spin Right spin 

> 

> 

CO 

a- 80c 

+ =0° 

Figure 16.- Concluded. 

IUTIOKU. AOVIKWV cwMirTcc w «HCNWTICI 

UNOLET UEUOnUt, UMMUTKAL  UMNUTWIY - (.AMtLIf  ntLP- V« 

3 
oq 

OS 
o 

§ 



Left spin 

•II! 

a =Ol 

Right spin 

Ufcu,^-,;J 

* - 0 ° «T  1*M 

Left spin Right spin 

Mh«M^ t*H 

3 
b 
> 

CO 

-a 

10° 

Tjr   = u 

a « 10° 
4, IRO 

* » 0° LTH 
_        nrtO 

-15L 

Figure IV.-  Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15-foot free-spinning tunnel.   Horizontal tail is in position II. 

3 
lUTjnuA^   jLAwjanfry   MuujtTvr  rna   ituftuutTtrw 

LMBLIT   HCVOnJM.   AEftOfcAtiTiCAL   UflOIUTOftT - UAMLCV   FlEUfl. VA 



a = Kr 

t =0° 

Left spin Eight spin 

a - 60° 

t - -15C 

Left spin Right spin 

o 
i> 

9 

CO 
-3 

a = 80c 

• - -IS1 

Figure 17.- Concluded. 3 

HXTmUL  WWW  OOMIMJTIE  »01   MMHMJTICS 

LMMLEr NCMMJU. URCKtAVTIML  UtOMTOIT - nwkFr  Finn   V* 

-0 
O 
P 



Left spin Right spin 

a=0° 

* -0° 

Left spin Right spin 

> 

S! 

CO 

• * 0 

a « 10° 

t  = -15c 

a 

t 

20c 

0° 

Figure 18.-   Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15-foot free-spinning tunnel.   Horizontal tall is in position lit. 

NATtMM.  ADVtW  CMU1TTH FMt   UttONWTICI 

uwour ME»MIM namuum«. L«o*ATom - LWIOLI» FIELD, VA. 



Left spin 

a = 50l 

= 0° 

Right spin Left spin 

a= 50' 

i = -15C 

Bight spin 

> 
o 
!> 

% 

to 

a *= 80l 

• = -15L 

Figure 18.-   Concluded. 3 
TO 

»ATONAL  «ttmOIH   COUMITTK  FO«   ABIONAIITlCi 

LAWL(Y  HEUMIlAL AMOBAUTKUU.   LAMftATOl - LAHOt,»   F!(1D    »A 
00 
o 
o 
g 



a =0° 

t - 0° 

Left spin Right spin Left spin Right spin 

QüJflfli 

o 
> 

/•A 

-3 

a - 10 

M   i = ~151 

a = 20' 

• =0' 

ififlHlfclJ] 

a « 20{ 

t « -15C 

Figure 19.-  Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Lianerlev 15-foot frefj-STrinninp- tiinnpl.    Horizontal tail is in noRiHnn TV 

*1 

» 

CD 

NATION«!.  «OVOOnr  GOHHTTtC ro*l   «IKHUUTKS 

UMUT  UUIMIU. AH0MAUTKAL   LAB0ÜATW1T - LAWUr   FIELD. VA 



5cr 

+ =oc 

Left spin Right spin 

a = 50° 

i = -15c 

Left spin Right spin 

3 
CO 
CO 
-3 

• = 0 

a = 80° 

^  t = -15 

Figure 19.- Concluded. 

NATIONAL  ADVISORY   COMMITTEE  CON   AERONAUTICS 

LANGLEY  MEMORIAL  AERONAUTICAL   LABORATORY - LANGLEY   f|EL0   VA 
I-' 

O 
O 



Left spin Right spin Left spin Right spin 

a  = 0 

*   -Ol 

a =0' 

t *= -IB5 

o 
> 

g 
Co 
to 
-a 

a- 10° 

t  -0° 

a = 1(T 

+ = -15c 

a * 2CT 

t =0C 

a - aol 

* - -15 

figure 20.-   Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15-foot free-spinning tunneL   Horizontal tail is in position V. CO o 

NMVML  WVWMIT  COMMTItt FWI   «AONAiniCJ 

UUHLIY  UtlKMUU. ARHUUH»L   LMCIHfOHY - LMNLEV   PM, V* 



a = 50" 

t -0° 

Left spin 

a = 80° K 

t = 0° 

Eight spin 

-50° 

- -15c 

a = 80 

• - -15c 

Left spin Right spin 

8 

CO 
-3 

Figure 20.- Concluded. 

HMKWAL  MIVISOKT   WHIMlTIEC  Ft*  ACK0NM)TK3 

LAMLtT MEUOMM. JtEMMUTKAL   LMOUTMTY - HWLtT   FIELD. V» 

Ä 
t>0 
O 
a o 
o 



« I » •« 

Left spin Rigfat spin 

a   = Oc 

t   - -15 

Left spin Bight spin 

IT^^HI o 
> 
1-3 
12! 

a « 10° 

• -0< 

a * 10° 

* = -15< 

a =20° 

t - -15c 

Figure 21.-   Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15-foot free-spinning tunnel.   Horizontal tail is in position VI. CO 

NH1IOMM.  «JVHOdT  COUWITEI  FOR   «U0NMJTIC3 

LAMLEr  MEMORIAL ACTOMUTCAL   UUOHATOWr - LAHOLfK   r#l II    V« 



a 

t 

a *- 8CT 

t = -15C 

3 
O 

Left spin 

a *- 50' 

t -0° 

Right spin 

a« 60° 

t -= -15c 

Left spin Right spin 
g 
CO 
to 
-3 

Figure 21.-  Concluded. 

IUTKWAL «wiiORr vmnurni «xi «woiiMJTie» 
LWJOLET MtMOftlAL UIIOItAUTieW,  LAK»»TMT - LMBLEY   ntLO   V* 

DO 

O 
O 



/.€ 

<üN 

7S 
X 

¥ » X 
x< 

  Ex ft ~aftot fafet y 
-"" 

~"^. *!••"" 

•// 

• 

' 

s 
/ 

/ 

1 NATIONAL ADVISORY 
UITTCT   C/tB   ACBnilAIIT mi ILL iwn nbwnwwi /' 

• 

rrai 
WH 

0 /<? 20 30 40 SO 60 70 

O 
> 
(-9 

CO 

Figure 22.-  Variation of drag coefficient with angle of attack for a spinning airplane. 

CO 
LV 



.big. 2'öa. NACA TN No. 1337 

-i20 

'160- 

\ -240 

^ '300 

I 

-60 

\ 

-54Ö 

-600 

-660 

-72C\ 

ra//pas/r/o n 

S3 

a 
Q 

I 
z 
m 
m 
n 

O Verf/ca/ fa// 
£>/0/7tS 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

10 20 30 40 
1 

JO 
1 
60 

1 
70 

(a) W=/500 pounds . 
Figure 23.-   Variation of rudder-pedal force with angle of attack for 

various positions of horizontal tail and for vertical tail alone. 
P , taken arbitrarily at an altitude of 15,000 feet; ß = 0°; 6   = 30°. 

Keyed symbols do not represent test data but are"used to 
distinguish horizontal-tail positions. 

r 



NACA TN No. 1337 Fig. 23b 

5) 

! 

60 

0 I £    1 

-6C 

~/20 

-/do 

'240 

-300 

-360 

-420 

-4öö 

-640 

-600 

-660 

—Tin 

jj^                     i^*j"*^X^     "7*"^ 

7\—           |^           JC \j^ 

/ \y /^~ 

f/os/zonfa/-        F !/a/ves . 
(extended to) 

TO// pOSit/Of)    (        cc= /o° J. 

V X                    -14-99 

^       TL                     - 14 99 . 

k      Ul                     -1336 

a       UT                     -1659  . 

Q        V                       -J6S9 

V W                       - 1365  . 

O  Verf/ca/fo//a/o/>e  -1764 

hV 

\*A 

Aj 

CO» 
NATIONAL 
«HITTEE FOB 

ADVISORY 
AERONAUT« CS 

/O        20        30       ~4Ö        SO        60 

(b) W =/OJOOOpounds. 

Figure 23.-   Continued. 
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