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By Charles F. Hall

SUMMARY

This report presents.the results of high-speed'wind~tunnel
research on the effects of modifications to the horizontal-tail
profile on the static longitudinal stability and control of.a
pursuit alrplane at high speeds. Two symmetrical stabilizers
(a modified NACA four-digit and an NACA 65-series airfoil), two
flat—-sided olevators, and three elevators with bulged profiles
were investigated. The tests covered Mach numbers from approxi-
mately 0.30 to 0.80, The pitching-moment and elevator hinge—
moment characteristics for a model ailrplane with the, various tails
are shown. The distribution of pressure cver the tails is presented.

The data indicate that the modifications to the horizontal-tail
profile have almost no effect on the pitching-mament characteristics
of the model, but have a powerful c¢ffect on the hingo-moment character—
istics. The effect of bulging the elevator profile, with either
stabilizer, is to improve the control characteristics by climinat-
ing or reducing the severity of the reversal of stick force at
high speeds and veducing the stick—force gradient.

INTRODUCTION

The attainment of supercritical speeds by airplanes in high-—
gpeed dives hes made imperative the dctermination of the longitudi—
nal stebility and control of these airplones in the speed range
ebove the critical, since many pilots have reported large changes
in these charecteristics in this speed range. As part of a program
to study stability and control characteristics at supercritical
speeds, the wind-tunncl tests discussed in this report were
undertaken.

The airplenc used as the subject of these tests was chosen
because it had cxhibited nc dengerous longitudinal characteristics
during recoveries from high-—-specd dives. It was bolicved that a
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knowledge of the factors producing the satisfactory dive-recovery
characteristics of the airplane would be of value to designers.

In order to determine the effect of the bulged elevator profile
of this airplanc on the longitudinal-stability and —control character—
istics, it was felt dcsirable to test a flat-sided elevator. It was
also dccided to test a stabilizer having a low-drag airfoil profile
in conjunction with one flat-sided elevator and two elevators with
bulged profiles to determine if the satisfactory stability end
control characteristics could be maintained or improved at the
same time that the drag of the airplane was decreased. The five
differcent tails were therefore tested on the model at Mach numbers
from approximatcly 0.30 to 0.80.

APPARATUS AND TESTS

The tests discussed in this report were madec in the Ames
16—foot high-spced wind tunnel.

The model ropresented a U. S. Army pursuit airplane to one—third
scale and was designed and built at the Ames Aeronautical Laboratory
according to lines supplied by the designers of the airplanec.
Portinent dimensions of the model, together with corresponding air-
plane dimensions, are given in the appendix. A three—-view drawing
of the model is shown in figure 1, end photographs are presented in
figures 2 to 4. : .

Drawings and dimensions of the five tails tested on the model
are shown in figures 3 to 9. TFor brevity, thesc tails will be
veferred to as the H, Ho, Hy, Hp, and Ha tails. When not specified,
the H (standard) tail is implied.

The plen forms of all tails werc the same except that the Hi,
Ho, and Ha tails had a tip shape different from that on the H and H,
teils and did not have the paddle balances on the elovators. The
profiles of the various tails are summerized in the following
table:
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4 Stabilizer Elevator
Tail section section
H (standard) NACA 0011 (at root) Bulge
Hy NACA 0011 (at root) Flat side
Hy ' NACA 65,-010 Flat side
Ho NACA 652~010 Large bulge
Hs NACA 655-010 ~ Small bulge

The root chords of the H and Hy elevators were extended to make
the actual root thickness of the tails 10,25 percent of the chord.
The tip section of the H and Hy stabllizers was similar to the
NACA 0009 section, although slightly thinner from the point of
maximum thickness to the elevator hinge line, The actual thickness
of the tip section was 9.75 percent of the chord.

The slevator of the H tail was constructed of solid dural.
The elevators of the other tails were constructed of laminated wood
gscrewed to steel cores. The hinge moments for all elevators were
measured by electric resistance strain gages.,

The investigations of the stability characteristics of the model
with the H and Ho tails were made with the cooling duct removed.
(See fig. 3.) This deviation from the standard model was necessary
because the construction of & duct conforming to new lines developed
during preceding tests of a full-scale prototype in the 16-foot
wind tunnel had not been completed. A comparison of subsequent tests
of the model with and without the cooling duct, however, indicated
that the duct had a negligible effect on the pitching-moment coeffi-—
cient. It is also believed that the cooling duct had little effect
on the hinge-moment data for the two tails.

REDUCTION OF DATA

Coefficients and Symbols

The wind—tunnel data were reduced to standard NACA coefficients
based upon the model dimensions. Pitching moments were computed

with respect to the normal center—of-gravity location. (See appendix.)

The coefficients and symbols used in this report are defined as
follows:
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pitching-moment coefficient (piiching moment/qSc)

elevator hinge-moment coefficient (slevator hinge moment/qbgCs?)

pressvre coefficient [(py, ~ pg)/al

critical pressure coefficient (the pressure coefficient

at which the speed of sound is reached locally)

Mach number (V/a)

critlcal Mach number (the Mach number at which the speocd

of sound is reached locally)

angle of attack, degrees (Thé angle is measured relative

to the fuselage referonce line.)

elevator ancle, dogrees (The angle is considered positive

when the trailing edge is down.)

indicated acceleration normal to flight path, expressed as
a factor of the acceleration of gravity

acceleration due to gravity, (32.2 feet per second per second)

dynamic pressure, pounds per square foot

velocity of air stream corrected for constriction effects,

fest per second

speed of sound in free stream, feelt per seccnd

frec—stream static pressure, pounds per squarc foot

local static pressurc, pounds per square foot

wing area, square feetl

mecan aerodynamic chord of wing, feet

elevator span, feet

mean square of elevator chord behind hinge line, feet squared
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o Mach Number Calibration

After the tests discussed in this report werc completed,
refinements were made in the mcthods used to calibrate the wind
tunnel. (See reference 1.) Since it is believed the calibration
obtained by these improved methods is more accurate than that used
during the original testing, the results in this report have been
based on the later calibration.

Tunnel4Wall and Tare Corrections

The corrcctions applicd to the data to account for the constricting
effects of the tunnel wall are those discussed in reference 1. Cor-
rections to account for the induced effects wore calculated from
roforence 2. The tare corrections were evaluated by supporting the
model at the wing tips (fig. 4) and determining the acrodynamic
characteristics of the model with and without the normal support
system in place.

RESULTS AND DISCUSSION
Longitudinal Characteristics of Model

Lift.— The 1ift coefficient of the model in relation to the

anglc of attack and Mach number is shown in figure 10. The slope of
the 1ift curve increases from 0.086 to 0.104% between 0.30 and 0.70
Mach number. With further increase in Mach number to 0.80, the
slope dccroases to 0.056. The wind—tunnel data indicate no incrcase

g in the angle of attack for zero 1ift with Mach number, & character—
istic in contrast to that of many wings at high spceds. This is a
desirable characteristic from the standpoint of longitudinal stability,
as will be discussed later. No well—defined relationship is indicated
botwoen the critical Mach number of the wing (fig. 11) and the Mach
number at which the 1ift cocfficient for constant angle of attack
decroases. A comparison of figures 10(b) and 11 shows that up to an
anglc of attack of 40 this Mach number corresponds quite closely with
the critical value at wing station 62.33, the station having the
highest critical Mach number.

Pitching moment.— The pitchirg-moment coefficient of tho model
i with the H tail but with tho cooling duct removed is shown in .
figure 12. The data indicatec that -OCp/0Cy, decroases as the Mach
number is increased from 0.30 to 0.70; with further increase in Mach
number to 0.80, -3Cp/dCI, shows a large increase. It will be noticed
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casing

that the Mach number of demerceticn between decrcasing and inc
51 1./,

—acm/BCLpoincidos with that botween increasing and decrecasing

Figurc 12 also shows the effect of Mach number on the pitching—
moment cocflicient for constant 1lift coefficient. The data indicato
an avbrupt docrease in pitching-moment coefficient with increasing
Mach number above C.675 at C.80 1lift cocfficicnt and above 0.75 at
zoero lift. This abrupt decroase in pitching-momsnt coefficient
causes the elevator—angle variation with speed to become unstable,
which if not compensated by the elevator hinge-moment characteristics
will produce large increases in the pull required on the stick for
dive recoveries.

The data for the model with the empennage off (fig. 13) do not
show an abrupt decrease of pitching-mcment coefficient with increas—
ing Mach number as do those for the complete model but, on the
contrary, indicate an increase at the high Mach numbers. The
difference between the pitching-moment cheracteristics with and
without the tail must be attributed, therefore, to a decrease in
download or an increase in upload on the tail. The change in the
load on the tail is caused primsrily by the increase in angle of
attack of the tail due mainly to the increase of model angle of
attack with Mach number necessary to maintain a constant Lift
coefficient, but alsc to a small extent due to changes in the angle
of downwash from the wing caused by a small outboard shift of the
1ift on the wing at high Mach numbers. Since the major cause of the
abrupt decrease in pitching-moment coefficient with increasing Mach
number is the increase in the angle of attack of the model, 1% is
obvious that this pitching-moment characteristic would be greatly
aggravated by increases in the angle of attack for zero lift with
Mach number. As previously stated, the wing of this model does not
exhibit these unfavorable 1ift characteristics, a factor partiy
responsible for the good dive—recovery qualities of the airplane
et high speeds. ‘

To a smaller degree the change in load on the tail is caused
by the variation of oC1,/dn of the tail with increasing Mach number.
Data from tests cf the model with different stebilizer angles indicate
that BCL/Ba of the tail increases with Mach number up to 0.70, but
decreases with further increase in Mach number. This characteristic
will aggravate the abrupt decrease in pitching-moment coefficient
when the tail load is downward, but will relieve it when the load
is vpward.

The pitching-moment data for the model with the other four tails
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discussed in this report are shown.in relation to elevator angle

and 1ift coefficient at a constant Mach number in figures 13 to 18,

as are those for the H tail in figure 1L. Although the data for

the four talls are rather meager with respect to Mach number varia--
tions, a comparison of these data with those for the H tell indicatoes
trends almost identical with those previously discussed. It therefore
can be said that the changes of elevator profile discussed in this
report have no appreciable effect on the longitudinal-gtability
characteristics of the model.

Elevator Hinge-Moment Characteristics

_ The elevator hinge-moment coefficients and the pitching-moment
coefficients are showm in figurcs 14 to 18 for the five talls tested
on the model. The elevator angle and the hinge-moment coefficient
for balance with zero tab angle can therefore be determined at each
Mach number from these figures. In addition, some of tho more
important characteristics shown in figures 14 to 15 are swmarized
in teble 1.

As indicated in figures 14 to 18 end in table 1, the value of
50h6/85@ at 0.30 Mach number is negative throughout the elevator--
anglo and lift-coefficient range of the tests for cach tail and,
in addition, is ncarly constant. These data also show the effect
of the bulged elevator profiie at 0.30 Mach number. Comparison of
the results for the flet-sided eclevators with those for the H tail
(standard) shows that tho average values of OCp,/0Be for the Ho
and H; tails are approximately 62 and 52 percent more negative,
respectively, than that for the H tail. For the Hz and Hs tails
the values are approximately U4 and 21 percont more negative respec—
tively. It should bo noted that thesc average values of ICh /B
arc somewhat differcnt from those shown in the summary table since
the latter correspond to zero lift and pitching moment. The values
in the summary, however, also show the large beneficial effects of
the bulged elevator profile.

The data indicate that increasing Mach number up ©o 0.80
produces little change in the variation of hinge-moment coofficient
with elcvator angle for the flat—sided olevators. The values of
aChe/650 still are negative throughout the 1ift-coefficiont and
slovator-anglo range of the tests, although somewhat less negative
than the valucs for these elevators at 0.30 Mach number.

Tho effcct of increasing Mach number on OCh,/08s for the
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clevators with bulged profilecs, however, is pronounced. The data
indicate. that for the H .tail the value of BChO/BSQ does not remein
negative throughout the 1lift- and olevator—anglc ranges at highor

Mzch numbers, but becomes positive at 0.60 Mach numbor, 0.50 1lift
coefficiont, and -1° clovator angle. This ovorbalance with respect

to elevator deflection incrcascs with Mach number, extending over

o renge of 5° clevator angls at 0.80 Moch number. Thoe | Hy tai

shows even a larger variation of SChe/86g with Mach number than

does the H tail. At 0.80 Mach number the guantity is positive over

e 6° range of clevaotor deflection. For the Hs tail 3Cp,/d%

varies with Mach number to a2 lesser extent than for cither thc H or
Ho tail and no overbalance is indicated within the range of the tests.
At 0.80 Mzch number, however, the avorage velue of Sche/aﬁc is
approximately 30 percont less negative than at 0.30 Mach number.

An insight intc the causes of the variation of OCho/0%e with
increasing Mach number for the elevators with a bulged profile is
shown by the pressure distribution over the elevator surfaces.

Theee data are shown in figure 19 for the five tails tested at
elevator angles from -4° to 4O, A comparison of the data for the H
and He tails shows that the bulge causes & large pressure peak to
occur on both the upper and lower surfaces varying from approximately
60 to 80 percent of the tail-plane chord. At 0.30 Mach number th
peaks on the upper and lower surfaces tend to opposc each other and,
therefore, do not alter to a great extent the resultant load on the
elevator. In general, a decrocasc in elevator angle increases the
download along the entire clevator chord as indicated for the Hj,
tail. With variation in elevator engle. the load on the elcvator does
change more near the hinge line and less aft of the 80~pcroont~chord
gtation for the H  tail than for the Hy tail. At 0.80 Mach
number the effect of the bulge on the lower surface is similar to
that at 0.30 Mach number, but there are large changes in the pressures
on the upper surface. For example, for an clevator-angle movement
from 4°© to 0°, tho pressure poak moves aft from 70 to 78 percent of
the chord and the coefficient decrecses from —0.64 to =0.77 at 0.80
Mach number; wvhereas, at 0.30 Mach number, the peak moves aft from

T2 to 77 percent of the chord and the coefficient increases from
-0.56 to =0.46. The result of the large changes in pressure distri-
bution on the upper surface is to alter completely the load distri-—
bution on the H elevator from that on the Hy clevator. ALt of
the T5-porcent—chord station the variation of load with elevator
angle is opposite that for the Hy tail, thereby causing the over—
balancce indicated by the H tail. '

The data for the clevators of tho low-drag tails (Hy, Hz, and Hs)
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indicate phenomena somewhat differcent from that discussed for the
H and H, tail. Thc prossurc pcaks on the clevators with the
bulges occur at approximately 85 porcent of the chord and neither
elevator angle nor Mach number variation altexs the location of the
peak. The data also indicate that increascs of Mach number affect
the pressures over the bulge on both the upper and lower surfaces
equally. DNear the hinge linc, the variation of load with clevator
angle is similar for the throe tails at all Mach numbers. Noar the
trailing edge, however, the bulges on the clevator profile cause a
reversal in the variation of load with elevator angle, which
becomes more pronounced with increasing Mach number. Since it
occurs neoar the trailing cdge, the reversal of load variation with
olevator angle has a large effect on the hinge-moment coefficient.
The data of figure 19 also indicate that the pressure coefficient
for the H tail considerably exceeds the critical pressure coeffi-
cient at 0.80 Mach number. The bulges on the low-drag tails were
designed to reduce the large pressure peaks on the elevator. Tho
data indicate that the pressure coefficlent for the Hz tail
slightly exceods the critical at 0.80 Mach number and that for the
Ha tail it remains subcritical throughout the range of the tests.

The data of figurcs 14 to 18 and teble I also indicate the
effect on 9Cp,/0CL, of the bulge on the clevator profile. At
0.30 Mach number, the quantity i1s negative for both the flat-sided
glevators throughout the lift—coefficient and elevator-engle range
of the tests. With increasing Mach number the quantity tends toward
zero and becomes slightly positive for both elevators at 0.80 Mach
number over a portion of the clevator-anglc range. For the H, Ha,
and Hs elevators, BChe/GCL is positive throughout nearly the
entire range of the tests and varies almost directly with the
algebraic value of 8Ch0/56e. Honce, the largest positive value of
BChG/BCL oceurs at 0.80 Mach number for the Hp tail, the tail
having the greatest overbalance with respoct to clevator deflection.
This variation of hinge-moment coefficient with model 1ift coeffi-

cient countoracta the overbalance with respect to elevator deflection.

It is sufficiently‘large to indicate that no overbalance will occur
in the Mack numbor range of the tests. For the H tail, though,
the docrcase in OCp,/dCL ond tho incroase in 3Ch,/08c in the
clovator—-angle range required for balance at 0.80 Mach number
indicate that overbalanco may possibly occur at higher values of
Mach number.

The offects on the hinge-moment characteristics of the bulge
on the H and Hs tails also indicate the possibility of an
instantancous reversal of stick force during rapid mancuvering.
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If thc attitude of the eirplane is such that it is flying in a
region for which both OCh,/0%¢ and OChLe/OCL arc positive,
a rapid stick movement mnight preduce a stick force opposite to

1302 |

normal duc to the positive value of OCh,/08:. Aftor the alrplono \

rosponds to tho clevator movemont, the stick force will bocome
normal again because of the positive valuc of GCEO/ECL. Thore

have bcen no reoports of such a roversel occurring in flight, however,

Figures 14 to 13 and teble I also indicate the large effect
of the bulged elevator profile on the elevator angle corresponding
to zero hinge moment. For both of the flat—slided elevators, the \

elevator angle corresponding to zero hinge moment and zero 1lift
decreases slightly more than 1° from C.3C to 0.80 Mach number.
For a similar variation of Mach number, the H, Ho. and Hg tails

This floating characteristic of the elevators with a bulgs on the

underge decreases of approximately 4i®, 8°, and 37, respectively.
|

profile will tend to pull an airplane using such surfaces out cf

a dive as the Mach number is increased. It is probably largely

responsible for the good dive-recovery characteristics of the
pursuit alrplane with the standard tail.

In general, it can be said that the effect of the bulge on

the elevator profile is to cause both JChe/0Be end dChe/dCL
tz become less negative and even attain positive values over

portions of the test range; that is, their values increase algebra— \
ically. Increasing OChy/0% algebraicelly tends to reduce the .
stick-force gradient, and increasing aChe/BCQ tends to increase it.

However, since for this model the effect of oChe/cée on the stick-—

force gradient is between six and twelve times greater than that of .
~ 4 e ; o - X ) .
BChe/oCL, the effect of ‘the bulge on the elevator profile, in general,

is to reduce the stick-force gradient.

Calculated Characteristics of Airplane

Stick force and elevator angle.— The over-all effect of the

various paremeters previously discussed can best be shown by

calculating the stick fcrce and elevator angle for the alrplene

in verious attitndes of flight. Consequently, the calculated

control characteristics of the airplane with the various horizontal

tails are shown in figures 20 to 23. It must be remembered in

viewing these results that these stick forces were computed from
data obtained with solid model elevators. The stick-force character—

istics of the full-scale airplane prcbably differ from those
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discusscd here duc to disztortion of the fabric or metal surfaces of
the clovator. Howoever, this fact should not influence the dlscussion
of the relotive merits of the various tails. In figurc 20 the
variation of stick force and elevator angle with true airspecd is
shown for the airplane with the H tail (stonderd toil) at five
difforont altitudes. The dato indicate that the variation of
clevator angle with cirspeed is unstable cbovo specds ranging from
575 milos per hour ot sea lovel (approximatoly 0.75 Mach number)

to 470 milos per hour nt 40,000 fect cltitude (approximately 0.70
Mach number). The stick-force variation with airspeed for zoro

tob sotting is stable, however, throughout the ontire specd range
of the tests up to 30,000 feot altitude. This is duo to the float—
ing charccteristics of the clevator proviously montioned.

The airspecd above which the variation of the calculated
elevator cngle with specd is unetoble (stick—fixed instability) is
shown in figuve 21. The curve was obtained by cross—plotting the
data from figure 20. Figure 21 also shows the airspeed above which
the airplane is indicated to be unstable with The stick free, Stick—
free instability is defined as en unstable variation of stick force
with airspeed at the trim speed. The data indicate that the airplane
equipped with the H tail will be stable with the stick free for
20 to 40 miles per hour higher speed than with the stlck fixed. This
characteristic, although beneficial in the Mach number range of these
tests, might prove undesirable at higher values. The pilot might be
unaware that he was applying more up-elevator deflectlion because of
the continuance of stick-free stability or of the pcssibly low stick
forces when the airplane became unstable stick Tree. It is therefore
possible he would allow the alrplane to reach a Mach number at which
the remeining stick travel would be insufficient to effect a
recovery.

']

The variation of sticlk force and elevator angle with airspeed
for the tests of the five tails are shown in figure 22. The data
indicate that the changes in elevator profile made during these
teats have no effect on the stick-fixed stability; gtick—fixed
instability occure at approximately the same ailrspeed for all tails.
The changss in the elevator profile do affect greatly the variation
of stick force with airspeed. The data indicate that the stick~force
variation with airspeed for the Hz taill will remein stable to a
spoed above that for the H tail and above the range of the tests at
zero teb angle. The push force with the Hz tail also shows a
greater increase with airspeed than that with the H tail. Although
the push force with the Hz tail increases more with airspeed than
that with the H tail, the date show a reversal of stick force
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at the high speeds. With the Hy, 2anmd H; tails a reversal in the

variation of atick force with airspeed also occurs at
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approximately ‘

the same speed as that for the Hg tail. The reversal with the Ho

and Hy tails, however, is much more severe. Such 2

reversal in \

stick force is indicative that large pull forces would be required for
dive recoveries. It occurs becavse tho hinge-moment characteristics
of the flat-sided elovators have not compensated for the stick—Fixed

Ingtability as have those of the bulged elevators.

Stickvforce'gradient.— In order to simplify th

e
of the stick forccs for the airplane in accelorated T
assumed thalt for normal acceleratione greater then 1

computation

light, it was
g the alrplanc

was at the bottom of a puli-out amd for normal accclorations of 1g

or loss the alrplanc flight path wes straight.

The variation of stick force with normal acceleration T

o
airplane at several cltitudes and speedas is shown in figure 23 for
each of the five tails tested. The data indicate that the stick—

force gradient with the Hp tail (low-drag stabilizer, large bulge

on elevator profilo} is smaller than that with the other tails below

altitude (approximately 0.70 Moch mumber). At the higher speeds and
low accelerations the H tail (stenderd) shows the smallest
gradient. As previously mentioned, the very small value and the

535 miles per hour at sea level and 500 miles por hour at 20,000 feet
|

trend of the stick-force gradient with the H +tail at the highest .

speed indicates that overbalance may occur at speeds above the

maximum of the tests. At all speeds the H, tail (standard

stabilizer, flat-sided olevator) shows the largest gradient. On J
the other hand tho stick-forcs gradient with H; tail (low~drag

stabilizer, flat-sided elevator) comperes quite favorably with the

gradicnts for the cther lowdrag tails at high specds.

CONCLUSTIONS

Wind~-tunnel tests to determine the effect of modifications to
the profile -of the horizontel tall on the longitudinal static
stabllity. and control characteristics of a pursult airplane indicate

the following:

1. With the exception of small changes in the clevator angle
for zero pitching moment, the profile changes heve eimost no effect

on the pitching-moment characteristics of the modcl.

2. The effect of a bulge on the elevator profile with a
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stebilizer having either a modified NACA four-digit or a ¢5-geries
airfoil profile is to change the cuantities ICh,/0Be and dCne/3CL
from negative values to smaller negative or positive values and to
causc the elevator angle corresponding tc zero hinge moment to
becoue more negative with increase in Mech number.

3. With either stabilizer, the flat-sided elevators produce
a gevere reversal in the variation of stick force wilth airspeed at
high speeds. A small bulge on the elevator with the low-drag
stabilizer reduces the severity of the reversal apprecisbly, but
does not increase the speed at which it occurs. A large hulge on

the elevetor with either stabilizer eliminates the reversal through~

out the wind-tunnel test range.

4. The effect of the bulged elevator profile is to reduce the
stick—force gradient.

Ames Aeronautical Laboratory,
National Advisory Commnittee for Aeronautics,
Moffett Field, Calif., March 1947.
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APPENDIX

ATRPLANE AND MODEL DIMENSTIONS

Wing area, squarc fcet FERT. o RO 8 1 i,

Wing mean aerodynamic chord, feetl

Wing span, feet '. . . . } i

Agpect rationof WAIRE . ¢ @ &, e = siia ey
Wing incidence at root, degrecs
Elevator span (onc elevator), feet .

Mean square of elevator chord behind hinge
line, feet squared

Tail length (25 porcent M.A4.C. to elevator
e ST L At P AR S

Stabilizer setting from fuseclage
reforence line (all tails), degrees

Normal center—of-—gravity location
Percent mean aecrodynamic chord .

Distance below fusclage reference
line, inches = S o T

Relation of stick force to elevator
hinge moment, pounds per pound-foot . .
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Model

25.91 -

A2t

12.3L

n
£
=
w

\Jt

.'[5

£.040

1.196

24 .60

10.60
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TABLE I.- SUMMARY OF ELEVATOR HINGE-MOMENT CHARACTERISTICS

Shape of = Ak, °,dC 6, for
Cre» Ee curve (—ag:) (362") C:.f 0
TAIL Elevator for G=0 ot 5, =10
profile Mach number
0.304 0.80 | 0.304]| 0.80 | 0.304]0.80 | 0.304] 080
H { \ \\_r\ - 004l |-.0012 [+0072 [+0232 [-2.07 |-6.36
Ho ¢ \' \\ -0094 |-.0086|-.0142 |-.0098|-0.65 |-1.86
N i
H, \L \\ -.0082 |-.0068|-.0103 |+.0068|-0.45 | -1.80
N N
He 6: : \‘ <}~ |-0059 001l |-0038 |-I030 | -1.00 29.00
Hs o .. % - 0057 |-.0035 [+0036 [+.0340| -1.37 | -447
s T

*Values measured at G, =0 and C,=0

Value extrapolated
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Figure 2.- The P-51B model in the 16-foot wind tunnel.
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Figure 4.- The P-51B model supported at the wing tips and
at the tall.
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FIGURE 6.— DIMENSIONAL DATA FOR Hp 7AIL
(STANDARD TAIL ; FLAT-S/DED ELEVATOR)
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FIGURE 8, - DIMENSIONAL DATA FOR Hy TAIL,
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Figure [2.- The pitching-moment coefficient of the
model/ writh the cool/ing Jduvct removed, H tail,
O° elevator ang/e.
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Figure 13, T7he pitching-moment coefficient of
rhe model with the empennage and coo//ng
dvect removed.
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(b) O.903 NMach number
Figure /4.-Continved.
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(c) O.5049 NMach rnumber.
Figure /4-Continuved.
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(d)0.606 Mach number.
Figure /49.—Continved.
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(e 0.6549 Mach rnumber,
Figure /4.— Continuved.
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() 0.704 Mach number.
Figure /9.~ Continuved.
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(g) 0.7228 Mach number
rFigure /4.- Continued,
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(() O.779 Mach nrnumber
Figure /4.~ Continved.
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(j) 0.80 NMach number.
Figure /9.~ Concluded.
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(@) 0.304 Mach number
Frgure /5 - T7The prtching-moment ond elevator hinge-
moment coefficients of *he model/ with rhe
Ho 2o/ Cooling duct removed.
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() O.704 Mach number,

/5. - Continued,
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k) 0.7549 Mach rnumber,
Frigure /5.- Continved.
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(d) O.80 Moch nrnumber
Figure /5.- Concl/vded.
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(o) O.80 Mach number.
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(@) 0.304 Mach number.
Figure /7.- The pifching-moment and elevotor hinge-
moment coefficients of 7he model/ with rthe
MHs Tou/.
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(c) O.259 Mach num ber.
Figure [/7.- Continved.



Fig. 17d NACA TN No. 1302

ol
\
\ C
m
\\__\\ \\
\‘\) \
_80 6\\ \_60\ _4.\\\\\_2. \\\(J. eo 4.
e o 7 S d |
S e —— +
~N— e J S \
T —— ‘\
-‘/ - ‘\
-~ <
\
S —
C.L
o
—————— o
odes ool o 104,
@
he
(GF2;
\ — —
s R =g ~0° - =
o [ R e | o e
[Pl I~~~ -
\ : = =
~ L B [ o E
B ! e e
\ = S T0&
\ /
\///
04

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(@) O.80 NMach rnumber
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(@) 0.304 NMach number.
Figure /8.~ The pitching-moment and elevator hinge-
moment coefficients of rhe model with rthe
My Tovl.
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(b) 0.704 Mach number
Figure /8. -Continved.
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c) O.7549 Mach number
Figuvre /8. Continuved.
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@) 0.80 Mach number.
Figure /8.- Concluded.




NACA TN No. 1302 : Fig. 19a

e Ubper Surfoce i =8 Lprar_Surfoce
[ 1 l € Hinge /
Y= Hinge e Z° y = L)
g Al ~--—-———————— O° I’ I\
_4 "/ /7'X e = -zo —4 B W —.1 // [ !
- ~ ‘}W\ ______ -4° R
- 1 /[ - \ \ 1T v \h‘
. \ /
I,/ /I () &\ / A \x\f
=% 5 7 ‘\‘. e // Ny
o il l i \‘\‘\L\ = \j = /i \\
1] N 2 I -
50 25 0O —50 75" /00
Percent Chord Percent Chord
Lower Surfoce lowgr Surface
e i e R
=< TS
P 7 /,. A} P ,///7\ \X
L // "/’_\\\ (A / \k
2 // y 2 Uk} ’ //’ 1 / b
=1 W i x;y/ 7 \
o S o SNy -y (@) s 7 S L
Bt =ad B 1 %*‘_’
50 75 7200 30 i 00
Arercent Chord RPercent Chorcl
t
!
e , 4 zry
-4 ; 4t 3
§ Sl KN A
ar Lt b ap ! 7 (‘
- Il Z/Q\*\ P 11‘\;\
o o g R S N 1T NSl
o —T——[! il 14 e X
Pt 2 d=jrimb ok INAL
s e \\' /1 B B I "
i y \
50 [ N\_ 75 /00 50 o 75p A 00
Percent Chora  NATIONAL ADVISORY LA, iy 4o
COMMITTEE FOR AERONAUTICS
O M 2 r 0,80 /M
&) A ta.

Frgure /9 - FPressuvre distribuvtion at horjizontal-
tar! station 5.00. Angle of aftack, .
0.304 onrnaod 0.808 Moch num ber.




Fig. 19b NACA TN No. 1302

66
. EE
OO
- =2°
_____ -4°
% Himge
] Upper Surface Upper Surface
it ¢ ~inge i L Tl
P =L R LS <»—‘—"‘ -~ P e \‘-v\\‘l\ h
et N -
= B e b ¥ 5 e | S \l\
o o7 ?:d\\»: o \\\\k\
= }:ﬂ; ‘ =] \\??\
/LT I 7 — 50 75 /
| Percent Chcrd—-f L PLPercent Chord ——}
Lyg ower Svrface -q w.]r Surfoce
P \\< l a N P l =1
— —4 — ~ sl —
:_\\"\._l\ N . \\\“4/1 \\\
= \_l\ \\\\\l\ ». '\5\ RS q
=] o T T ]
50 y X 700 50 2. /100
| Percent Choro__| | | Percent Chordl |
-4 Net Logaol = £ Loagl
AF ‘ S AP 4 l ] N
- =1 B T/ == /T——\\~
T ZiE .
o . e o - S [ 7 I i 5
TEE A y= i = s e B \\ ! o =
BT :\ N~ I r
S50 Vs /00 50 s /00
Percent Chord Percent Chord
4 mber Q.80 och ber
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
@) H, roil.

Figure /9- Continved.




NACA TN No. 1302

Fig. 19¢c

62
e WO
OO
i s s TR
AR Ypper Svrface
_Upper_ Surface N § 7irge
L1l | am 2
wd Lot o : €n 1
4: ﬁ/ngc-' P N
~ e \.'\ ol i B : N i/ o
% L\\*\\\ :\\ '\\ i
o hiw' o '} ==
I I S T . 1! E&
50 s /00 50 25 /00
PrPercent Chord rercent Chord
[oweyr Surface Lower Suvrfoce
=) -9 1
I a4
" X \t\\[\ ~ k. \\ J N
\\ TR QR Fails
IS D N
o X 'x\-% o \-"E‘.\: ~
e et B S e W
5O 25 100 50 05 700
Percen¥t Chord Percen?t Chord
Net Load Net Loaol
4 “ 4 <
| A
AP I/ \ AP / L3
/l/ /
| o ] . o
] ’\ o ~
e s = B = o) // l — =
[ s AAT Bl
2 ™ Zlt =l 1 4
= ~ L ’
30 '\\ 775 700 “_3%) 7 79 /00

Percent Chorao

O.304 Mochk rumber

&) H, rail
Frigure /9.- Continved

rPercent Chora

Q.808 Moch nrumber

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




Fig. 19d

Upper Surface

H/nge
<9
P 3~ | %"\
ey \Q\ ’/ 7 \
N X 7
~JR /
s \\‘,_// S|
|7
—50 75~ /OO
Percent Chord
Lower Svrface
. 4 e
~
@iy et v
ANNBEZA0
o \f\ 4L
R P ==
\
—50 75 200
Percent Chord
=4 Ne?r Lloog
|
aP } 4
A AT
- ! "\.\~~ = atll
o | , > :
L =2 L] /
LI
50 E TS /00

Percen? Chord

0.309 Moch number

(&) L toil,
Frgure /9 - Continved.

NACA TN No. 1302

Uoner Svrface
G Hinge ,
A_._ e

> A
N LR
N A T
TV T T

LY
K Y
|

v
VL

-

M7
/

Percen/‘s Chora 22

Lower Syurfoce

\

NN
|

4
y
L\

A
NN A7\
‘\\‘h-;/ “
N/
i
50 25 /00
PRPercent Chorao

M\

<

aP ] N

50 | > 25 /00
Percent Chordol

Q.808 NMoch number

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




NACA TN No. 1302

| 1
b _Hinge
P :\ Sy
4 s e TN O T TR
~-E ‘% B\
< A ]
o it \ii—
S50 75 700
Percent Choro
Lower Svrfgce
.14 = -
» e M B
INNEENS
- NAAT N
50 o 1A /00
Percenrny Choraol
Netl Lok
=4 - of
I
'Y s |, ks
/r’ N -
- L e
o e ] \;’r =
e e 1 il
50 T 75 /00

Percenr Chorda

O,304 Mackh rnumber

(e) Hy tas/
Figure /9- Concluded.

Fig. 19e
be
2‘
o.
2 Sps
-40
B Upper Surface
38 ¢ Hrng e
~
N\
P T B
4 b
~D 4N\,
\\ /’/
o \
\| ~ N
s0O 7?5 /00

Percent Chord

Lower Surfoce

il \\\:\
P \\\
NN
N
o \\ /‘/, \\\
\M
\
50 25 700

Percernt Chord

Net Logd
AP Net Lo
AP A/l \\
/' s B \\ :
& “@HREDRE=N
P N 1
-
Sl ik - A
\\/’
50 l 75 /00
Percent Choraof

0.808 Maoch number

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




Fig. 20 NACA TN No. 1302

/00
~
3
S
\
v 1o === :
Y 200 3q \§;< =l 600
0 +~ T~ Sk | 7rve Awspeed, mph
K =
§ \\\ ~
> L /00 LN ot
N 9 i
n 3 \ ~
i N
\\\
200
Altitude
—_ Seq /evel
—————— /0,000 %
— RO G0N L
— = —— &lofeoel A
— e —— Clolalelo) g,
8
v a2
] Q N 7
) N 4
v NS > / /
\01 4 S ~ N 7
- /
t \\ \ \\‘ )
< , ! S R et WO / 5
A \\~\ “\\‘:...__,:’/ //
8 e S5 e ol
g .o
Q 200 300 400 500 600
W Trve Airspeed-mph

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FrgurelOFredicted stick force and elevartor angle
of rhe o/rplone n level flight ot several
a/trtvdes. H tail,
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Frgure 2 |.-Predicted velocities above which the
arrbl/crne /s uvunstrable stick fixed and stick
frec in /level Flight. H tail.
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(6) 20,000 Ffeer ol/titude
Figure £22.- Concluded.
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Figure R3Preaictad stick forces ror the orrplanre
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(b) 20,000 feet o/titude
Figure £3~Concluded.
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Frgure 24- Predicted charocteristics of rthe arrplaore 1 o vertical
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(o) {1 relation to Lt coefficiert.
Figure 25 - The drag coefficient
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(b) /n relation ro Mach number.
Frgure RS, - Concluded.




