4~.~l

NATIONAL ADVISORY COMMITTEE -
FOR AERONAUTICS

TECHNICAL NOTE _ I

No. 1337

JUN 19 1947

EFFECT OF HORIZONTAL-TAIL POSITION ON THE HINGE MOMENTS
OF AN UNBALANCED RUDDER IN ATTITUDES
SIMULATING SPIN CONDITIONS
By Ralph W. Stone, Jr. and Sanger M. Burk, Jr.

Langley Memorial Aeronautical Laboratory
Langley Field, Va. _

~WE

Washington o
June 1947 - A

NACA LIBRARY
LANGLEY MEMOR]A;. AFRONAUTICHS,
LABORATORY  ~ '
' Langiey Fiedd, vo '



NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

e o a————

TECHNICAT, NOTE IO, 1337

EFFECT OF HORIZONTAL~-TAIL POSITION ON THE HINGE MOMENTS
OF AN UNBALANCED RUDDER IN ATTITUDES
SIMULATING SPIN CONDITIONS

By Ralph W. Stone, Jr. and Sanger M, Burk, Jr.
SUMIMARY

An investligation wos made in the Tangley 15—foot free—splinning
tunnel to determine the effect of horizontal-~teil position on rudder
hinge moments in attitudes simvlating spinning conditions. Hinge—

moment measurements were made on on unbalanced rudder on a rsctangular

vertical tall for six positions of the horizontal tail. The hinge—
moment measurements were supplemented by tuft tests to dstermine the
alr flow about the vertical tall.

The results of this lnvestigation are based on the rudder-pedal .
forces of the alrplans wilthout regard to the effectivenecss of the
rudder in producing recovery from a spin In general, the results
indiceted that a low reasrward position of the horizontal tall gave
the smellest rudder hinge-moment coefficlents, which, In turn,
Indlcated that the rudder shielding was gre«ter for this -position of
the horizontel tail than for other positions. Conversely, a high
forward position gave the lergest rudder hinge-moment coefficients,
which indicated the least ruddor shielding for this horizontal—€ell’
position, The results of tuft observatlians of alr flow about the
vertical tall substantlated these results. The rudder hinge-moment
coefficients generslly decreased in megnitude with increased angle
of attack for all horizontal—tail positions, The effect of rudder
deflsction on rudder hinge-momsnt coefficient was not appreclably
affected by the horlzontal—tall posltions except In very flat spins.
Computations of rudder—pedal forces based on the results of the
tests and upon empirical drag-~coefficient deta of spinning models
Indicate that for all teill positlons the hlghest forces are obtained
at the lowest angle of attack in the spin. Ths pedal forces for
alrplenes 1n the light—eirplans category are well within the capabili-
tles of the pllot for all angles of attack. For heavier asirplsanes,
the rudder may require some form of belance, particularly if the spins
are steep.
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INYRODUCTION

The problem of spin recovery is ccnaidered to be one of greatb
importance for all airplare dssigns. Methods of obtaining effective
tall dasigns for spin recovery of airplanes have been presented in
reference 1, Such tail designs, however effective, do not produce
recovery if the controls cannot Ve moved as such movement Is
- gensrally necessary for recovery. Ths control forces of either the
elevator ar the rudder may be excesslve and thus recovery may be
pravonted. Estimations of elsvator hinge maments and the corresponding
stick forces in spins have been presented in reference 2. The present
Investigation was undertakon to provide general information on the
pedal forcom in spins witkout regerd to the effectiveness of the
rudder in producing recovery. _

At the high angles of atbtack encountered with a spinning airplane
the vortical teil may be shielded by the horizontal tail, fuselage, or
wing. The progsnt investigation provides information on pedal forces
ir spins with perticular reference to the effect of the position of .
the horizontal tall. The wake of the horizontal tall mey shield the
varvical ta2il and influencs the rudder control force — the extent, in
general, depending on the relative positions of the horizontal and .

voertical tails,

The tests were performed in the Langley 15-foot free—spinning
tunnel with an unbalanced yudder and elevator on rechbangular vertical
and horlzontal tails., Trke hinge-mcment measurements were supplemented
by tuft teats Lo determine the general nature of the air flow about
the vertical tail at high angles of. ettack. Six different positions
of the horizonbtal tail were inveastigated as well as the vertical tail

alone.

COEFFICIENTS AND SYMBOLS

Ch  rudder hinge-mcment coefficient (H/qbrﬁfe)
Cy drag coerficient of airplane (D/qS)

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

H Pudder hinge moment (ptsitive when it tends to deflect rudder
to left), foot-pounds

’ b
q dynamic pressure, pounds per square foobt <Egi>
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o) maass density of elr, slugs per cublc foobt
Y true rate of descent, feot per second
by rudder height, feet _
[ root~msan—square chord of rudder (rearward of hinge axis), feet
D drag of alrplane, pounds
wing area, square feet
W noymal grogs welght of airp;ané, pounids
1,  totel rudder-pedal trével'(aésumed.as Q.54 £t), feet

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

o angle of attack referred to chord of horizombal taill, degrees

¥ angle of yaw (positive when nose of airplane is to right of
£1ight path), degrees . -

B angle of sideslip (positive when relative wind ccumes from

right of plane of symmetry), degrees

Ch6 rete of change of rudder hingeamoment coefficient with
r -rudder deflsction

ch@" rate of change of rudder hinge—mcment coefficient with angle
of yaw

APPARATUS

A plan view and slde view of the rectangular vertical and
horizontal talls used for the tests are presented in figure 1. A
- sketch of the model mounted in the Langley 15-foot free-splnning
tunnel with a dashed outline of a fuselage sketched in fow reference
is shown in figure 2. Flgure 3 is a photograph of the vertical taill
alone mounted in the tunnel. A photograph of the tall assembly with
the horizontal tail in a typical position (low center position) in the
tunnel is presented in figure 4, The taile were made of laminated
mahogany and had NACA 0009 airfoil sgctions; and the elevator and
rudder chords were 33.3 percent of the alrfoil chord. The gaps
between the moveable and fixed surfaces were unsealed. The elevator
and rudder had no serocdynemic balance. The rudder, however, was mass
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balanced so that no moment would be exorted on the strain gage because
of the welght of the rudder.

The silx combinations of the horizontal tall mounted on the vartical
tall are sketched in figure 5 and are as follows:

Positicn Is The low forward posltcion for which the chord line of
the horizontal tail was 1 inch above the bottam of the vertical tail
and the elevator hinge line was forward of the rudder hinge line by
approximately L rudder chord.

Pogltion IT: The low center position for which the chord line of
the horizontal tail was 1 inch above the bottom of the vertical tall
end the elevator hinge line coincided with the rudder hinge line.

Posltion ITI: The low rearward posgltion for which the chord line
of the horizomtal tail was 1 inch above the bottam of the vertical tail
end elevator hinge line was rearward of the rudder hinge line by L
rudder chord.

Position IV: The high forward position for which the chord lins
of the horizontal tall was at a height midway of the veriical tail and
the elevator hinge line wss forward of the rudder hinge line by approxi-—
mately 1 rudder chord. .

Posltion Vi The high center position for which the chord lino of
the horizontal tail was at a height midway:- of the vertical tall and
the elevator hinge line colncided with the rudder kinge line.

Position VI: The high rearward position for which the chord line
of the horizontal taill waes at a height midway of the verisical vall and
the elevater hinge line was rearward of the rudder hinge line by 1
rudder chord.

The dimensional characteristics of tke horlzontal and vertiocal
tails are as follows:

Vértical.tail gurfaces:

Total area, square INCHOS « « « « s o o o o o o o« o » « 216
Span, 1NCHEB « 4 « « o ¢ o o s s o s o 2 s o s e o o+ o 18
Chord, iNCHOE « ¢« 4« ¢ & « ¢ o o o o o s s+ ¢ ¢ o o o o o 12
Rudder root-mean—square chord, inched « « « o o o « o & 4
Agpect ¥ablo ¢« ¢ « 4 4 ¢ 4 6 e 4 e 4 e e s e e s e s . 15
Rudder area for positions I, II, IV,

and V, square Inches . .« « o « o o o « o « ¢ o .0 o T2
Rudder arca for position ITI, square inckes . . . . . 65.25
Rudder arsa for position VI, square inches . . . . . 67.00
Alrfoll section + ¢« ¢« « ¢ 4 ¢ o o o« o « o « o« « « NACA 0009
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Horizonbtal tall swrfaces: .

Total area, square INCHES .+ 4 w4 o o o o o & o » o U1k,26
upan,inches.'...-o.-.'..p....-"'36
Lho.n‘d._nCI"es.... e & £ ¥ v &8 € 8 + @ & & « @ @ 12
Agpect Tablo ¢ « ¢ ¢ ¢ e et e e e 8w e 3.13
Elovator area, square inches . . « « « o « & « « « . 126,796
. Adrfoll sechion o ¢ 4 ¢ v ¢ ¢ & s 8 e e o . . JHACAOMG

. Because of construrtiﬁn diff‘icult‘les , the horizontal tall ‘was
actually moved 4,38 inches forward of the rudder hings line for the
forwsrd position, wherea.s in the rearward position it was 4.0C inches
(). rvdder chord) rearward of the ruddsr hings lire, Hor the two .
roarward positions of the horizontal tail (poeitiona ITT and VI)
cut—outs were necessary in the lower and center parts {respectively)
of the rudder to allow it ko swing over the stabilizer. (See fig. 1.)
A second rudder was constructed with cut-outs for these reerward
horizontal-tail positions. A cut-oub, mede in the elevabor (ilg, 1)
to allow the rudder to swing throvgh its desived range _tbr horizontal—
tail positions II and ¥, was retained for ell other _ta_Lll_ posltions.

The elevator end rudder werxe held by a friction clemp at the
deslred doTlection on the hinge rod, and all dsflections were set
by tewplets. The rudcor hings moments were umessured electricelly
br a strain gage. This gage wes calibrated by applying a sersles of
mown momeuntg to the ruddsr.

The tufts used to detormine the general neture cf the air flow
about the vertical tall were fine slik threads appruximetely l%: inches

in length. Two rows of tufts at approximatel; l—inch intervals were
attached to each slde o tno vertlicsl tuil by Scotch cellulose taps,.

one row was placed alonzg the fin and the other was placed elong tho
rudder.

TESTS

The tests were conducted in the Langley 15—foot free—spizming
tunnel which has s turbulence factor of 1.78. All tests were rnade
at a dynamic pressure of 2.66 pounds per squave Zoot, which correg
ponds to an alrspeed of 32.3 mlles per hour under. s\,a.nd.ard gea lovel
conditions.

The attitude of the tall essembly was vavied to glve ths desirgd
angles of attack and sideslip. The angle of sideslip was simulated by
the anglo of yaw as ghown in figwre 2. The desired velves of sldeslip
were obtained by yawing the model about the stebility Z—exis, which is
perpoudicular to the vertically rising airstream. ke stablility axas
are deflned ag an orthogonal sygteu of axls in which the Z-exig is 1n
the plene 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 Z-axis, and the
Y-axis 18 perpendicular to the plane of symusetry.

Hinge-Monent Tests

In order to simulate spinning conditions for the hingeemcment teats,
the model was tested throughout an angle-of—attack range from 0 to 90°
in 10° increments and through a yaw range of 30° %o —-30° in 10° incre~
ments. The angles of yaw as set on the model may be Interpreted as
angles of sideslip that would be encountered at the tall of an airplane
in a spin., The actual angle of sideslip 1s equal In magnitude to the
angle of yaw but has the opposite sign. The angles of attack as set
ropresent the angles of attack of the stabilizer and not angles of attack
of the vertical tail as un airfoil, The rudder at each angle of attack
and yaw angle was deflected from 0° to 30° in 10° increments. For the
foregoing conditions, the vertical tail was tested with the horizontal
tail in each of the six pusitions and also with the horizontal tail
removed, The elevator deflectlon was zero for all tests.

Ag there was no fin offset, results obtained with a positive rudder
deflectlion may also be considered as representative of negative rudder
deflection provided the hinge-moment coefficient signe are reversed.
Faoch configurstion, therefore, represents a epin with the rudder set
eltber with e&r against the spin. For example, a negative angle of yaw
with left rudder masy be conaidered as representative of outwerd sildeslip
in a left spin with rudder with the spin or of inward sidesllip in a right
spin with rudder against the epin. Similarly, a positive angle of yaw
with left rudder may be congidered as represgentative of outward slideslip
in a right spin with rudder against the spin cr of inward sideslip in a
left spin with rudder with the spin. Table I shows in detail how the
varicus figures may be interpreted for a right or left spin and how the
angles of yaw may ho interpreted to represent sldeslip.

Tuft Tests

Tuft tests were made on the vertical tall for various positlong of
the horizontal tall and for the condition with the horizontal tail
removed. These tests were arbitrarily made et 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
tall wes removed,

CORRECTIONS

No corrections were méde.for tlhe effect of the tunnel walls on the
tall surfaces as the size of the surfaces was small compared to the
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dlemeter of the tunnel and ths correcticns would therefore be negligible.
Strut interference effects have also been nsglected. At first the
rectangular wooden arm which supported ths vertical tall (fig. 3)

was expected to cause an incresss in the effective aspect ratlo of the
vertical tall., The hinge-moment tests with the horlzontal tall removed,
however, gave coefficlents of the order expected for a rudder on a tall
of aspect ratio 1.5 es computed exclusive of the supporting member which
Indicates negligible interTference effects.

RESULTS AND DISCUSSION

. Rudder Hinge Momonts

Rudder hinge-moment coefficlents obtained from tests of the
veortical tail in varilous combilnations with the horizontel tall are
presgonted in Pigures 6 to 1k, In order to show the shilelding effect
of the horizontal tall on the vertical tail, the hinge—moment coef-—
flcients obtained Prom tests of the verticael tall slone have been
plotted on these same figures. . The analysls of these dete 1s based
on esrbdynemic forces on the rudder withoub regard to any frictional
or centrifugal forces that may exist on the alrplane control surfa.ces
in a spin.

Effect of sngle of athack on rudder hinge-momsut cosfflclents.—
The variation of rudder hinge-moment coefficlent with angle of attack
for various positions of the horizontal tail and with the horizontal
tall removed are presented in figures 6 to 9. The rudder hinge-momert
coefficlonts for all positions of the horizontal tall decreased 3in
magnitude from those for the vertical tall alone; this smount of
decrease increesed, in gemeral, with engle of attack. The coefficients
changed with angle of attack so thet they generaslly approachad the line
of zero hinge-momsnt coefflcient et very high angles of attack.

In a very few cases the hinge-moment coefficlents of the rudder
in the presence of the horizontal tail changes slign from those of the
rudder alone. This tendency 1s analogous to overbalancing in that the
rudder tends to floet in the dlrectlon opposite to that expected.

In general, the high forward posltion of ths horizontal tail
(position IV) led to the highest values of rudder hinge-moment coefficient,
whereas the low resrward position (position TIT) 1led to the lowest values,
These results indlcate that positlon IV produced the least rudder shlelding
or blanketing effect, whereas position. III produced the most shielding
The shielding effect of the horizontal tall on the vertlcsl tall was small
at low angles of attack (0° to 10°) but increased as the angle of attack
increased., The relatlive dlfference in the shlelding effect caused by
tail position was small at low angles of attack (0° to 20°) but generally
increaged as the sngle of atback increased up to angies of attack of
about 80°, beyond which the relative difference tended to decrease agaln,
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Effect of rudder deflaction on ruvdder hingse-moment coeflficlents.—
The varlation of rudder hinge-moment coefficilent with rudder defloction
for various angles of yaw is presented in figures 10 .to 12, These
figures are crose plots of figures 6 to 9 For a renge of angles of yaw
most commonly encounbersd in epins. The slope Ch5 wes not greably
T

effected by the instellation of the horizontal tail on the vertical taill
or by the varlous positions of the horizontal teil at low end moderate
angles of attack but decreaged negatively en appreciable amount at high
angles of attack (60° and 80°) which simulate the conditions for very
flat epins.

Effect of yaw on rudder hinge—moment ccefficilents.— The variatlon
of rudder hinge~moment coefficient with anglo of yaw for rudder deflec—

tions of 0° and 30° is presented.in figures 13 and 14, The specific
rudder deflections of 0° and 30° were choscn to represent neutral and
full rudder deflection in a gpin. These figures were obtained by crose—
plotting from figures 6 to 9, '

The slope Cp, was not apprecisbly affected by the instal}ation

v
of horizontal tail at low angles of attack. In the normal spirning

range of angle of attack (30° to 50°) and for hiph snglos of atteck,
however, there was a marked change in the slopes. As previously indicated,
the slope Chsr- wag not affected in the normal renge of angle of atbtack.

Therefore, the direct effect of shielding of ﬁhe rudder by the horizontal
tail In the normal spinning range of angle of attack is to change the
veluss of Chw. . . |

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
gsome Indication of the shielding effect of the horizontal tail on the
vertical tall and in genersl substantiate the results of the hinge— -
moment tests.

Application of Hinge-Moment Data

The hinge-moment coefficients presented hereln may be used to
estimate the rudder-pedal forces required to reverse the rudder on an
airplsne in a spin, provided that the angle of attack and gideslip at
the teil are known. The rudder—pedel force is
8,7

F = C;q8,5bp
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In a steady spin the weight of an airplane equals its drag; therefore,

= Cpas
or
By subetitution, then, - -
F=0 'W/Sarebrlgggr - (1)

The variation of drég coefficient with angle of attack for a spinning
airplane 1s given in figure 22, This curve was determined frem an average
of experimentel values cbtained from spin-tunnel tests of numerous models.

e

In order to l1llustrate this method of computing the rudder-~pedal
forces for o specifig design, the following example is given., Consider
en alrplans that hag a tall cenflguration similar to the high rearward
position of the horizamtal tail (position VI), a normal gross weigit of £000

pounds,- a vwing area of 270 square fest g'- 29.6 1b/sq fﬁ), and a vertical

tall avea ¢f 25 .square feet. Assume thet the airplane 1s spinning to the
ri -ab an-altitude of 15,000 feet at sn angle of attack of 30° with
outwerd gideslip at the tail and that the rudder 1s deflected 300
against the spin. From figure 22, the drsg coefficient is found to be
0.74. The rudder~pedal 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
modsl used in the current tests (by, 6.12 £t and &,, 1.36 ft). From
table I, if the airplane 'is assumed to be in'a right spin, the rudder
30° against the spin, and the sideslip 200 outward, the figure that
applies to this conditlion can be detormined. In this case, the figurse
is 9(b) ‘and the value of the hinge-mament coefficient is --0.255. Thus,
substituting this value in the force formmla (equation (1)) gives a
rudder-pedal force of —222 pounds. This push force 1s that which is
required OR the left pedal to move the ruider 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 475
squere fest, respectively, and respective vertical tail areas of 12 0,
28.5, and 55.5 sguare feet were used. These areas were_detarmined from
an average of areas for numerous airplene designs tested in the spin
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tunnel. The proportions of the vertical teil and rudder werc assumed p
to be proportional to thoge of the model used for the current hinge-—

moment testg, For these computations, the angle of sideslin assumed

was zero, the rudder deflection used was 30°%, and the value of p wes
arbitrerily teken at an altitude of 15,000 feet. The results of the
computations are plotted on flgure 23. '

For alrplenes in the light—aeirplane category (fig. 23(a)),
appears that, for any position of the horizontel tail or for the
vertical tail alone, the rudder-pedal force reduired to set tho rudder
againet the spin in no case exceeds 140 pounds. This force is much
smaller then the maximum of approximetely LOO pounds that a pllot 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 1s relatively
small, Only one curve was drewn through the numsrous points for the
various positions of-the horigzontael taill in this particular fignure.
Thus, for e light alirplane 1t seems that the rudder-pedal forces
encountered in spins should be well within the cepabilities of a pilot
regardless of horizontal-teil position. '

For larger and heavier alrplanes (fig. 23(b) and 23(c)) the pedal
Torce 1s ghown to be larger at any given angle of attack beceuse of the
lerger contrel surface and because of the increase 1In rate of descont
in the spin. : :

L

If a fighter airplans spins at an angle of attack of 30° or greater
(fig. 23(b)), or if a light bombor airplane spins at en angle of attack
of 50° or greater (fig. 23(c)), the rudder—pedal force necessary to .
reverge the rudder st these attitudes should be within the pllot's
cepabllities. 3Below these respective angles of ettack, however, some
type of rudder—balance or booster system may be used to overcome the
excesgslve Torces. TFor examglq, in figure 23(c) e light bomber, spinning
at an angle of ettack of 30 with the horizontal tail in the low rear—
ward position (position ITI), must heve at least 30 percent of the
unbalanced rudder force balanced out in order to brinsg the pedal forces
wilthin the limits of the forces that the pilot can exert.

In general, from an angle of attack of 10° to 40° (rig. 23(b) and
23{c)), the force gradient for all horizontal-tall positions was very
gteep, which Indicates that o small change in angle of atteck led to e
large change In pedal force. This result mey be taken as an indication
that, as the angle of attack decreases during the recovery, the pedal
force required to maintain the rudder full egainst the spin increasges.
The low rearward position (position III)} o the horizontal teil, in ' v
genersl, required the smallest pedel forco to reverse the rudder Ffully
or to maintain it full against the spin for any given engle of attack,
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whereas the high forward position (position IV) required the largest
force. Spin—tunnel results have indicated that, for the low rearward
positions of the horizontal taill the rudder may be ineffective in
producing a recovery and, for high forward poaitlions of ths horizontal
tall, the rudder is generally effective In producing a recovery. Thus,
for high forward positions of thes horizontal tail maintaining the rudder
full against the spln may not be necesesatry to obtain a satisfactory
recovery, and such horizontal-tail positions may therefore not necea—
sarily requirs large pedal forces for satisfactory recoveries. o

CONCLUSTIONS

The results of the investigation to determine the effect of __
horizontal~tall position on the rudder hinge-moment coefficients and
pedal—force chsracteristics of an unbalanced rudder with rectangular
plan form in attitudes simulating spin cenditions indicate the following
general conclusions withcut regard to the effectiveness of the rudder
in producing a recovery:

1. The low rearward positlon of the horizontal tail gavs the v/
smallest rudder nings-mament coefficients and pedal forces, which thus V
indicates that the shielding effect of this position was largs relative
to the other horizontal-tail pcsitions. Conversely, the high forward
peeltion gave the largest hinge-—moment coefficients and padal forces _v//
which indicetes that the relative shielding effect of this position was
small, Tuft observations substantiated these relative shielding effects,

2. The rudder hinge-moment coefflcients generally decreased with ‘//
an Increeass in angle of attack for all horizontal-tall positions.

3. The rate of change of the rudder hinge-moment cosfficient with
rudder deflection was not appreciably affected by the horizontalutail
position except in very flat spins,

4, The rudder—pedal force for a light airplane for recovery from ’//
a spin should be well within the cepabilitiss of the pilot. For keavier
alrplenes, the rudder may require some form of balance, particularly if

*“he spins are steep.
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5. The pedal force required for full rudder reversal for recovery
from a spin increases rapldly as the airplane engleof attack in tho v
spin decreases, especlaelly at relatively low angles of atbtack.

Langley Memorial Aeronauticel Leboratory
Netional Advisory Committee for Aeronautics
Lengley Field, Va., March 26, 1947
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TABLE T

=
i
INTERPRETATION OF RUDDER HINGE~-MOMENT COEFFICIENT CURVES FOR RIGHT £
=
OR LEFT SPIN =2
]
0
Rudder |—-'
doflection, 5, Direction of gideslip (right spin)P &
=3
With gpin® 0 Tnward Outward — o
Reutral —— - — 0 Outward Inward
Againgt spin 0 Outward Inward ——— - ———
Direction of sideslip (left snin)P
With spin 0 Inward Outward —— - ——
Neutral ——— — - 0 Inward Outward
Against spind 0 Oubward Invard —— —— -
Read. C 7(a) | 7(a), (b), () | 7(e)s (£), (&) | 6(a) | 6(a), (D), (c), | 6(e), (%), (&)
h 8(a) | 8(a), (b), (c) | 8(e), (£), (&)
from figs.- 9(a) | 9(a), (b), (c) | 9(e), (£), (&)
- aSign of rudder hinge-moment coefficient, deflection, and anglo of yaw must be reversed
for this condition, '
bSideslip at the tall of the airplane 1s opposite in sign and equal in magnitude to values of
¥ presented in figures.
NATIONAL ADVISORY
COMMI'PTEE FOR AERONAUTICS &
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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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Sketches of vertical tail in six combinations with
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Figure 10.~ Rudder hinge-moment coefficient as a function of rudder
deflection at ¢ = 20° for various angles of attack and positions
of horizontal tail.
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Figure 11.,- Rudder hinge-moment coefficient as a function of rudder
deflection at ¥ = 0° for various angles of attack and positions
of horizontal tail.
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Figure 11.- Concluded.
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Figure 12,- Rudder hinge-moment coefficient as a function of rudder
deflection at ¥ = -20° for various angles of attack and positions
of horizontal tail.
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Figure 12.- Concluded.
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Figure 14.- Rudder hinge-moment coefficient as a function of angle of
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Right spin Right spin
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Figure 15.- Photographs of tuft tests performed on vertical tail alone in Langley 15-foot
free-spinning tunnel.
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Right spin

Figure 16.~ 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 I.
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Figure 16.~ Concluded,
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Figure 17.- Photographs of tuft tests performed on vertical tall in combination with horizontal
tail in Langley 15-foot free-spinning tunnel, Horizontal tail is in position IL,
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Figure 17.- Concluded,
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Figure 18.- 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 I,
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Figure 18.- Concluded,
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Figure 19.- Photographs of tuft tests performed on vertical tail in combination with horizontal
n

angley 15~foot free-spinning tunnel, Horizontal tail is in position IV.
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Figure 19.- Concluded,
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L8ET 'ON N.I. VOVN

Figure 20.- Photographs of tuft tests performed on vertical tail in combination with horizontal
tail in Langley 156-foot free-spinning tunnel, Horizontal tail is in position V.
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Figure 20.- Concluded,
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Figure 21,- Photographs of tuft tests performed on vertical tajl in combination with horizontal
tail in Langley 15-foot free-spinning tunnel, Horizontal tail is in position VI,
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Figure 21.~ Concluded.

HATIORAL ADVIEORY COMMTTEL FOR ATRONAUTICS
LANGLEY MEMORIAL AZRONAUTICAL LARORATOAY ~ LAMLEY FIELD. VA

*ouoD 17 314




6
(.JQ _ o e
" A2 ~--£ X Traposared //4/
\ .
A ]
?v: il
&t 8 //
3 .
0
N -
\ 4 Pz <
Q o A NATIONAL ADVISORY |
0 /0 20 30 -1/ 30 60 /70
Angte of altacK, X , deg

Figure 22,~ Variation of drag coefficient with angle of atiack for a spinning airplane.

LEST "ON NI VOVN

gg "3rd




kig, 23a : NACA TN No. 1337

12
o 2 8
~6
~/20
'/
[Horizonta/-
<Q a1/ ,oa\r/;/oﬂ
N =240 7 T
C o |e Zz
v ~3001
8 D yrrg
R a 7
= - n
N a T
8 |o
% ~4201 O Vertrca/ 7#4//
‘g clone
<
-5
~560
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
~72 i ] 1L
(2] [0 20 30 40 30 60 70

oc, deg
la) W=/500 pound's .

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; B = 0°; 5, = 30°,

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

)



NACA TN No. 1337

Rudder-pedal rforce, [, /6

Fig. 23b

60

D

-

~60

fHorszonrar- [ valves
exfen :’0’ 7‘0

tas/ position (
v 7 -/ + 99
g y74 -149S |
DY//4 -/336
a yi'g -/659 |
Q) v -/ 6359
© 74 - /365 |
O Vertrcal o/ otone ~ 176 4

660

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTKCS

~7205

/0

20

30 40 S0 60 70
cc,deg
(b) W =/0,000 pounds.

Figure 23.- Continued.



Fig. 23c ' NACA TN No. 1337

120 C :
_\ AT

/.
A
/

T AT A

-4 ' / l j Horizonsz/- el

Rudder-pedal force, F, /6

721/ position ( cx;‘ex) 0, 23 )
540 T I -5 M/ J
9 -5043
=600 I ~4494 |
a 17 =5594
~660 Q) 4 ~558/ ]
O W - 4590
- O Vertica foy/ slane 5935
720 o2 30 40 30 20 70
ey o tov

rc) W=20,000 pounds.
Figure 23.~ Concluded.

n
1



" B e E— e p— .- e ———— e e ————— c e o

e — ——

b ' A
[} X . .
TITLE: Effect of Horizontal-tail Positton on the Hinge Moments of an Unbalanced Rudder %’mﬂi—
in Attitudes Simulating Spin Conditions none
AUTHOR(S): Stone, Ralph W.; Burk, Sanger M. ©10, AGT=CY £:0.
! ORIGINATING AGENCY: National Advisory Committee for Aeronautics, Washington, D. C TN-1337
t o’ A
ABSTRACT:
Wind-tunnel test results indicated that'a low rearward position
of the horizontal tail gave the smallest rudder hinge -moment
coefficlents, which in turn 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
H least rudder shielding for this horizontal-tail position.

DISTRIBUTION:
DIVISION: Aerodynamics (2)

. SUBJECT HEADINGS: Control surfaces - Aerodynamics (25600);
SECTION: Control Surfaces (3) Interference effects - Aerodynamics (5250}); Tails, Horizontal
ATl SHEET NO.: R.9-3.25 = Lift and hinge moments (91629.4)

Alr fotorkc] Command A YOCKNICAL (N8I Vrighs-Pattorsen Alr Poreo Baso
]_ U.3. Alr Porco Dayicn, ONo




