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A comnrehensive investigation ‘was. conducted to determine the loads o
applied to the horizontal tail surface of a fighter tvpe airplane in
maneuvering flight Differential-pressure-distributwon nethods were
emplcyed to obtain the velues. of. load. ‘Loads were. measured at equ-valent
eirspeeds ranging from 125, to 380 miles per hour and at accelerations _—
up to og Engine power and side slip condi+ionq were alao varied
during tbe teste. 'The date were. analyzed along theoretical 1ines, .. '
to de+ermine ‘the. parametere affecting the tail, loed and to indicate-[
the contribution of Speed normal. acceleration, and aneular acceleration
to the total tail load and the contribution of . power condition and
sideslip to the loed dissymmetry. The test data have been prepared ;
in both tebular and grephical form and several typical time histories
of chordwise and spanwise lcad distribution are included.

The flight-test results verify the fact that the accurate determi-
naticn of the tail-loed paramsters will permlt the calculation of the -
horizontal-tail load for various conditions of " speed ‘and hormal and’
angular acceleration. These parametere are the. pitching-moment coeff] -
cient, the locaticn of the" aerodynamic center“of thé airplane without
the horizontal tall, and the pitching angular acceleration.
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In a sideslip the upw1nd tail surface experienced an up- load ..
incremsnt relative te; the downwind tail surface As would be expected
from a consideration of the ressons for load unbalance between the two
sides of the horizontal tall, the lced dissymmetiry wes’ applied mainly
tc the stabilizer surface with only a small part carrwing over to the
elevators.

The conditions of critical design loads &r¢’ shown' tc océur &t high
values of pitching angulaer. acceleration in combination ‘with high, positive
_ lced fectors and medium speed for the up diréction or Ligh’ nega+1ve .
lcad factors and meximum speed for the down directlon. .The’ tail -load
increment caused by pitching anguler accelerétion is confined principallv
to the elevator surfeces. .. . S e e S
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INTRODUCTICN

A flight investigation was made of the asrodynamic loads exerted
on the horizontal tail surfaces of a fighter-type airplane in order to.
determine the maneuvering design tail-load criterions. The measuremsnts
considered most important were those which geve the magnitude and
distribution of the aserodynamic load over the horizontal stabilizer and
elevators as well as a time history of the motion of the airplane
resulting from a given elevator deflection. Accordingly, measurements
were made of the horizontal-tail load and of the motions of the airplane
in abrupt pitching mansuvers in which the following quantities were
varied: initiel airspeed, airplane load factor, power condition, rate
of control-surface motion, amount of control-surface motion, a.nd angle
of sideslip. This paper presents the results obtained in these tests
and gives an analysis of the data such as to indicate the horizontal-
tail loads associated with pitching maneuvers of the test airplans.
Since the number of variables that occur in the tail-load problem is .
large, the isolation of any ons variable is difficult; therefore,
the data are given in several forms such as tables, graphs, and typical
time histories of maneuvers. The data have been a.na.l;,rzed theoretically
to indicate the contribution of speed, normal acceleration, and angular
acceleration to the total tail load and the contribution of power and
sideslip to the tail-load dissymmetry.

SYMBOLS

W airplans weight, pounds

g acceleration of gravity, féet ‘per second per second

S area, square feet |

Xy distance from asrodynamic center of eirplane without horizontal
tail to aerodynamic center of horizontal tail, negative
qua.ntity, feet.

D propeller diamster, feet

Iy . pitching moment of insrtia, slug-feetg

Ve equivalent airspeed, miles per hour \Vol/ )

v true airspeed, miles per hour

d distance: from center of gravity of airplane to aerodynemic center
of airplane without horizontael tail, negative quentity, feet
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.0 . mess density of air, slugs per cubic foot
c densi%y ratio of air

q dynamic pressure, pounds per squere foot
L load (up load, positive), pounds

Cy, airplane 1ift coefficient assumed equel to the normal force
coofficlent \nc s'Wﬁﬁ%b

N engine speed, revolutions per minute

P brake horsepower

(e N ]

'~ mean aerodynamic chord _ 4
Q.  torque coefficient <§3,OOOP/2nNoV2D§)
M

Mach number

-]

differential pressure, pounds per squere foot

o

~ control deflection (positive, trailing edge down), degrees
6 angle of pitch, degrees

‘B engle of sideslip, degrees

4 :angle of flow near horizontal tail, degrees:
n normal loed factor
F stick force, pounds

Cm pitching-moment coefficient of ‘airplane less tail
(Pitching moment/qSc)

‘ LtL LtR \

CANt tail-load-dissymmetry coefficient —=
qo¢ //

- Subscripts:
c.g. center of gravity
R right

L left
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max meximum value

e elevator
t tail

w wing

APPARATUS

Airplane.- The pertinent characteristics and a three-view drawing

of the fighter-type airplane tested are given in figure 1. When the
airplane was prepared for flight tests, slight changes were made in its
construction end arrangement to facilitate the installation of adequate
instruments and to provide the necessary strength and balance to permit
safe operation. The horizontal tail surface was of the same contour
and plan form as the standard tail surface of the production alrplane
but was equipped with 260 flush-mounted static orifices distributed over
the upper and lower surfaces of both the stabilizer and elevator in

the locations shown in figure 2. These orifices were attached to
individual pressure tubes which were grouped into bundles inside the
tell surfaces and were run inboard to & point near the fuselage where

e cut-out was placed to permit exit of the tube bundles under an
enlarged falring at the stabilizer-fuselage Junction.

Instruments.- Differential pressures were measured over the taill
surface with two 60-cell multiple photographically recording manometers
which were installed in the approximete location of the fuselage fusl
tank. In addition to the manometers, the airplane was equipped with
the following standard recording instruments:

One NACA airspeed recorder connected to a freely swiveling static
head mounted on a boom at approximately one chord length aheed of the
right wing tiv and connected to a shielded total heed mounted on the
boom.o Both of these heads were little affected by angles of yaw up
to 20~. :

Two NACA three-component accelerometers, one mounted 74.8 inches
and the other‘175.8 inches rearward of the leading edge of the mean
aerodynamic chord.

One NACA pitching-anguler-veloclty recorder.
, Two NACA elsctrical control-pvosition recorders mounted to record

the position cf the elevator and the rudder near the Juncture of
these two surfaces.
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?357*J On~~NACA control -force recorder mounted to measure the elewator
'stic"force LR e I s
LERINS 1L c're\i L . . Do sl d Sl

~Orie* NACAfhﬁkle-of—flow recorder located near the horizontal tail ’
- surface mounted to measure vertical flow angles. The head was 15 inches
forward of and 16. 5 inches below the leading edge of crifice row Cr
(fis R)ar T e .

RIS Nl -
n-.......'»z, e

One NACA sideslip angle recorder mounted forward of the left wing
tip. This instrument was, mounted for only a few tests of this
1nvestigation bR . ;

f"t)‘-'c"‘dnx. T *

NS

One NACA synchronizing timer to give time pulse intervals of
O l second

LS e yey ST IR

FLIGHT TESTS -~ - ~ (7. :.

The effects of such variables as airspeed, acceleration, power,
center-of <gravity. position, angle -of vsideslip, -and "the- amount and rate
of elevator motion on the tail lced were determined by measuring the
tail load in both steady and maneuvering flight.

Steady-flight tests.- In.these tests, which were also used for

alrspeed calibrations, a number of short runs were made both in steady
straight flight at 13 and in- stea.dy tu.rns. The ra.nge of ¢onditions
covered was as follows

Equivalent airspeed 125 to 300 miles per hour

Power condition, power off to sufficient power for steady
level flight

Center-of -gravity position 28 percent to 33.5 percent mean
aerodynamic chord

‘Normal acceleration steady turns at anproximately Qg,

B8, end 3g T
'The short steady-flight part of*- each maneuver also- served as steadd
flight material.{ For each run the following quantities were measured
Indicated airspeed e
Normal acceleration at the center of gravity
" Angle ‘of Flow near right horizontal tail surface
‘Elevator position relative tc stabilizer ‘chord ling:
*Aérodynamic- load “imposed -on the various parts of the
' horizontal tail surface T

Maneuverlng-flight tests.- The loads annlied or’ the horizonial tail
surfaces were mgasured in the following maneuvers:
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Abrupt pull-ups from steady flight at equivalent airspeeds varying
from 125 to 380 miles per hour, both with powsr off and with sufficient

- power for-level flight. Runs made with power-an-at speeds in excess
- of the level-flight speed were made in a shallew glide with rated .

power.

Abrupt pull-ups as precéding, but at varying rates of control
deflection. The rates of deflection were destermined arbitrarily by
the pilot to be fast, medium, or slow.

Abrupt pull.-ups from steady £light. in which varying_a.mbunte‘ of
sideslip to the left and right were obtained prior to the execution
of the maneuver. .

In most of the meneuvering-flight tests, the runs were made below
an altitude of 10,000 feet, bul one seriss of stalled pull-ups was
made at 25,000 feet. The center of gravity of the airplene, in the
ma.nauvering tests, was at either 29.7 or 30.6 percent mean. aerod.yna.mic
chord.

In addition to the items listed under s’téaﬂ;y' flight ths following
qguantities were msasured or evaluated:

Pitchlng anguler velocity

Meximum positive pltching angular acceleration

Maximum rete of elevator deflection

Angle of sideslip (when intentionzl sideslips were made)
Elevator stick force

Normel acceleration neer the tail surface

METHOD: AND' RESULTS

For the meneuvering-flight tests sufficient points weres read on
the flight records so that a time variation of all the pertinent
quentities could be esteblished. In each run of the steady-flight
taests all records were read at the seme instant. In order to obtain.
the tail loads, the point &ifferential pressures were first read and
plotted and from these values the spanwise K distribution and the total -
tall load were determined by graphical Integration methods.

Since the number of independent variables which enter into the
tail-load problem eannot be completely controlled in a given test,
ccmplete isolation of the effect of any one variable was unpracticable.
The test results are therefore presented in several forms, such as
tables, graphs, and typical time histories of the, various quantities
in order to give a better picture of the tail-load variation.
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. . The complete results of the steady-flight runs are given in table I.
The weights given allow for. gas consumption, the horsepower was determinsed
from the pilot's notation of engine speed, manifold pressure, prossure
altitude and free-air temperature and by use of the performance charts
prepared by the Allison Division of the General Motors Corporation: The
torque coefficient Q¢ was computed from the formule given in the
"SYMBOLS." The value of the elevator angle 9, corresponds to that
required for trim under the conditions tested; down angles are taken
as positive. The angle of flow { 1s the angle between ths stabllizer
chord line and the air stream at the location of the NACA angle-of -flow
recorder. The dynamic pressure q was used with the load factor ng, g.
to compute the airplane 1ift coefficlent. The integrated tail load
expressed in pounds with upward acting loads taken as positive is ala:
given in table I.

a Similarly, ‘all the data obtained in the pull-ups are- summarized in
table II which contains the measurements for each run at the following
particular time points: the time of steady flight prior to the start of
the maneuver, the time of maximum incremental down tail load the time
of maximum normal center-of-gravity acceleration _end the time of
meximum incremental up tail load. The time values of table II are given
in the preceding order irrespective of their actual sequence. A number
of headings in this table are similar to those in’table I; however, data
have been added including the values of the equivalent airspeed Ve,
the load factor at the tail ny  the elevator stick force Fg, the
pitching angular velocity 8, and the initial sideslip angle PB. The
horizontal tall loads on both the right and left sides. of .the elevator
and stabilizer are given senarately.' For analysis the maximum positive
pltching angular acceleration Opayx and the meximum rate of elevator

movement B .. are also given in table II. These quantities are the

meximum values measured near the start of the mansuver and do not
necessarily correspond to any of the time intervals glven.

The values-given in table II were compiled from time variations
such as are shown in figures 3 to 14 for typical pull-up meneuvers.
Differences between the stalled and unstalled pull-up are shown
in figures 3 to 5. The effects of power on the measurements are
illustrated in figures 6 to 8. The effect of initial right and left
sideslip on the measured tail loads for the‘power-on condition is shown
in figures 9 to 11 and similar results for the power off condition are
shown in figures 12 to lh :

" Isometric views «f ‘the differential pressure distribution over
the stabilizer and elevators are glven in figures 15 and 16 for the
mansuvars of the time variations of figures 3 and 9. Typical spanwise
load distributicns over the horizontal tail are shown in figures 17
and 18 for four selected pull-up meneuvers. The times were selected
arbitrarily to give an ldea of the magnitude and distribution of load as
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it varied during the pull-up maneuver. The change in load distribution
caused by the addition of power is shown in figure 17 and the effects
of right and left sideslip on the spanwise load distribution are

shown in figure 18. , _

'ACCURACY

An estimate of the accuracy of the. measurementa made in this
investigation is given as follcws' . .

Dynamic préssure, poundé per square POOL . i e e e e e e 13
Acceleration at center of gravity, g . . « « ¢ ¢« ¢ ¢ ¢« o o . . +o 1
Pitching angular acceleration, radian per second per second . . 0.2
Control position, degree . o« v « v ¢ ¢« o o o o o o o o o .+« . 20.3
Stick fOrce, POUNAS «.o & « o o o o o o o o o o o o o o o o o o o XY
Tail angle of flow, degrees.,...'.‘. S ¥
Tail load, pounds (The accuracy of the 1ncremental tail-load

measurenments during any given test was greater than

50 1p) . . e e e e
Brake horsepower s e e e se e e . _100
Time, second . « « « « « « o & . v e .« *0.05
Altitude, feet ¢ ¢ v ¢« ¢ ¢« o o & © o o s o s o 8 o 8 & & _goo
Pitching angular velocity, radian per eecond e s s s o o o s« F0.00
Yaw angle, degrees . . . o . . . O e 42
Center- of-gravity position ' percent’ mean aerodynamic chord 8 |

e e e
e e o
e e o
e o o
'
. e

.

.

3

ANALYSIS OF RESULTS

The results compiled in tables I and II were analyzed first by
considering the total aerodynamic tall loads imposed upon the airplane,
and then by considering the parts of this load imposed upon the right
half and left half of the: horizontal tail during various flight
conditions. : ,

B Total tail load.- The total- tail load which the airplane experienced
at any -time was considered to be composed of three parts: a part L,
required to balance the pitching moments of the wing, fuselage, and
propeller in a zero-lift dive, termed the "zero-lift tail loed;" a

part -L2 required to balance the pitching moments of the airplane
welght and normal inertia, termed the "normal-accelsration tail load;"
and -a part L3 required to balance the airplane pitching angular
inertia, termed the "pitching-angular-acceleration tail load." The

total eerodynemic tall load in equation form i1s
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CpaSC Dg.gWd Iy
+ + —

Ly = -—% : - (1)
) t t t
I L, Ly

The various parts of this equation are i1llustrated in figure 19
for a hypothetical pull-up. It is obvious from equation (1) that,
for a given airplane, Lj will depend upon Cp, q, and xg,
and therefore would be expected to be a function of the dynamic
pressure and Mach number. The load L, will be a functlon of the
load factor, center-of-gravity position, and Mach number as 1t
affects d and x4. The load L3 will depend principally upon
the pitching angular acceleration 6 which, like the load factor n,
is a function of the manner in which the pilot manipulates the
elevator controls in a particular mansuver.

The determination of the mansuvering tail load requires a
knowledge of the various factors of equation (1) which apply for the
glven airplans. In the case of the subject ailrplane these factors
were not known. The flight test data given in tables I and II,
however, furnished a meens for evaluating some of the factors and
permitted the determination of the others. Omnce the quantities were
evaluated they could then be extrapolated for values beyond the range
of the test conditions.

.The aerodynamic-center location occurring in equation (1) was
found by differentiating that equation with respect to load factor n
with all other terms assumed constant. Thus,

wa
X =
t st/dnc.g.

(2)

But, by definition,

'xt=d+l ‘ ’ (3)

where 1 18 the distance from the center of gravity of the alrplane
to the asrodynamic center of the tail. By use of the steady-level-
flight and steady-turning-flight data of tables I and II, as shown in
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dLn

figure 20, a value for 553 = 390 pounds per g was found which when

substituted into equations (2) and (3) gave an aerodynamic-center
location at 17.5 percent mean aerodynamic chord.

The determination of the pltching-moment coefficient for the

airplane less tail C was found by differentiating equation (1)
with respect to dynamic pressure q, with all other terms assumed
constant. Thus,

dLy,

Copp = == "j L
m =3 55 (%)
an, :

Vealues for a—— wore determined from the steady-level-flight

q
data shown in figure 20 and were found to be -5.2 and -4.72 pounds per
pound per square foot for the power-on and power-off conditions,
respectively. The substitution of these values into equation (%)
gave & valus of C; of -0.0552 for the power-on and -0.0501 for the
power-off condition.

By use of the values of Cp, 4, and xy 1t is possible to
determine the tail load which would be required to balance the airplane
in any steady flight condition (that is, for 6 = 0) even beyond .the
conditions tested. Figure 21 contains curves of Ly for the test

airplans ageinst the equivalent airspeed for sea level and for
30,000 feet. The value of Cp used in the determination of L in

this figure has been corrected for Mach number effects according to
-0.0552(or -0.0501)
Cp = (

/1 - M2

effect of M on Cm was found to be small.

even though in the range of the tests the

Extrapolation of the flight data has also been done in the case
of L,, the normal-acceleration tall load. Here the evaluation of L,

for various center-of-gravity positions has been made for the limit-
load-factor range of the airplane. The results are shown in figure 2
for an assumed gross weight of 8000 pounds. The value of Lo for other
gross weights would be in direct proportion to those shown. The effect
of Mach number on the location of the aerodynsmic center of the

airplane less tail was not found in these tests and therefore no
correction for this effect has been applied in figure 22.
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Combining the results glven in figures 21 and 22 gives the total °
tall load which will exist on the alrplane during any condition of
steady flight. The loads for both a forward and a rearward center-
of -gravity location for sea-level altitude are shown in figure 23.

In addition to the steady-flight loads found in the foregoing
analysis and shown in figure 23, an important load component remains
which must be evaluated in order to provide for all the flight conditions.
This load, the pitching-engular-acceleration tail load L3 of
equation (1), is primarily a function of the amount and rate of motion
of the control surface. Since the amount and rate of motion are in turn
dependent upon alrspeed and certain intangible items which depend upon
pilot response, the data were analyzed in a general way to determins ,
the principal effects of these quantities. The results shown in figure 24
correlate the initial control motion with a pitching-angular-acceleration
tall-load factor denoted by L3/q. The values shown were obtained from
the maximum down-tail load increment given in table II at the start of
each abrupt pull-up. In addition, the same values of L3 have been
plotted in figure 25 against the maximum positive pitching angular
acceleration 8. The value of 6 for each run was obtailned by differ-
entlating the pitching-angular-velocity record. The relationship of

I
of these data with the theoretical expression ;zg is also shown in
t .
figure 25. Here the value of Iy was taken as 8800 elug-feet2 which
was obtained from swinging tests. )

In order to indicate how well the valuses and the method apply,
a comparison of computed and measured total tail loads using values
for Cp, xt, d, and Iy measured in these tests has been made for

two complete meneuvers. These comparisons, which are shown in figure 26
for flight 16a, run 3 and flight 22¢c, run 2, are for a moderate-speed
abrupt pull-up with a large value of up-tail-load increment and a pull-up
in which sideslip was present. The values of. q, n, and 6 measured
during the maneuvers were used in computing veluss of Lj, I,, and L3.

Tail-load dissymmetry.- A determination of the effects of slipstream
- rotation and sideslip on the dilssymmetry of tail load was made from an
analysis of the steady and sideslipping runs of table II. The differences
in loed on the right and left horizontal tail have been plotted against
the angle of sideslip in figure 27 for various values of the torque
coefficient. The values shown represent a rangs of wing 1ift conditions
varying from & value of Cp of 0.15 to 0.2k. Since little scatter was
noted within this range of Cy, an average value equal to 0.20 has been

assumed. In order to 1solate further the effects.of power condition and of
sideslip, the tail-load-dissymmetry coefficlent CANt has been plotted
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against engine brake horsepower in figure 28 for all the steady—flight
runs of teble I. The engle of sideslip for these runs was not known
exactly, but it wes assumed that the angles were in all cases less
than 120, which would correspond to epproximately 100 pounds of
dissymmetry or a value of CAN{ of 0,02 at a speed of 200 miles per
hour, . ’

)

DISCUSSION

Tables I and II contain all the data which are essential for a
coordinated analysis with deta from other investigations. The
representative material presented in-the time-history and analysis
figures, however, is more suitable for discussing the effects of various
factors on the horizontal-tail load.

Maneuver time historieg.— Although the time histories shown in

figures 3 to 1k are only a few of the many obtained during the course of
the Investigation, these few illustrate the time sequence 6f the more
important quantities measured, as well as permit a direct comparison

of the results from various types of mansuvers. A comparison of the
results shown in figures 3 and 5(a) with those given in figures 4

and 5(b) indicates the tail loads are not of necessity greatest for the
high-speed ranges of the airplane. This fact was indicated in the
analysis shown in figure 23. The pitching-engular-ecceleration tail load
vhich occurs near the beginning of the lower—speed pull-up of figure 5(a)
wvas equal to the initial tail loed for the higher—speed pull-up of figure 5(b).
The elevator loads follow closely, in time, the motions described by the

- control surface (figs. 3 to 5). The stabilizer loads, on the other hand,

follow a loading cycle more nearly like that indicated by the tail

NACA angle—of—flow recorder, with exclusion of the time Jjust after the
meneuver is started. At the start of the maneuver the displaced control
surface results in a down load on the elevator, which induces a slight
initial down load on the stabilizer. The pitching of the airplane resulting
from this down load causes an increase in angle of attack of the tail

which in turn reduces the initial downward load caused by the elevator.
Beyond this point the tail engle of flow and the stabilizer loads are
approximately in phase. .

- The two tall-load time histories of the pull-ups of figures 6 and 7

shown in figure 8 were made from approximately the same 1nitial airspeed

and to approximately the same load factor. The main difference between
these runs was in the rate of control deflection and consequently in the
resultant pitching angular accelerations. As would be expected, from
conslderations of the control deflection and pitching angular acceleration,
the tell load L3 for the run of figure 7 is greater than that of figure 6.

This difference is shown clearly by the down-load valuss and the peak
up~-load values of figure 8.
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The effects of power on the dissymmetry of load may also be
obtained from figure 8; in figure 8(a) power was applied whereas in
figure 8(b) the engine was throttled. The load dissymmetry, about
250 pounds, experienced while in the power—on pull-up was carried
almost entirely on the stabilizer. The difference in load between
the two sldes of the tall surface remains almost constant throughout
the maneuver. Although in this case the angle of sideslip was not
measured, the changes in this angle during the maneuver were thought
-to be small,

The time hilstories of figures 9 to 11 for the two pull—ups, where
the angle of sideslip varied from 4O left in figure 9 to S° right
in figure 10, indicate that the dissymmetry in steady flight (fig. 11)
for these two runs is approximately 575 pounds or about 60 pounds per
degree of sideslip. This value is also indicated in figure 27.

The results given in figures 12 to 1L show approximately the same
increment in dissymmetry as was shown 1n the power—on sideslipping.
pull-ups of figures 9 to 11. In both sets of figures the tail
"surface to windward has a positive increment of load; that is, in
slipping to the left the left tail surface carries a smaller down
load than the right tall surface.

The lines shown in the middle of figures 11 and 14 indicate the
tail loads for straight (without sideslip) flight. If these values are
compared with those existing at the time of steady sideslip prior to the
start of the maneuver, slipping to the right or left is found to cause
an increase in down tail load. This increase 1s evidence of a change
in pitchingrmoment coefficient of the airplane. The rotating propeller
produces an Iincrement in pitching moment when the airplane sideslips.
This pitching-moment increment, however, is reversed for opposite
sidesllip angles. Since the flight tests on this airplane indicete no
load—increment reversal with reversal of sideslip, the test airplane is
essumed to exhibit a slight change in pitching moment with sideslip

grester than the normal change due to the propeller.

In addition to the preceding specific points noted in figures 3
to 1b the following general information is obtained.from all pull—ups
of this investigation:

The airspeed remains substantially constant until the time of
maximum normal acceleration. A slight decrease in speed is noted,
however, before the time of maximum up tail load. This result is in
accordance with the assumption usually made in theoretical studies.

The maximum pitching—angular—eccelerétioﬁ faii -load occhrs at
approximately the time of maximum pitching angular acceleration
and slightly before the time of maximum elevator, deflection. This
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load acts principally on the elevator whereas the normal-acceleration
tail load which occurs at the time of maximum acceleration acts on the .
stabilizer. Returning the elevator to the trim position before the
maximum load factor was reached tended to exaggerate the localization
of loads on the elevator and stabilizer.

The pitchling-eangular-ecceleration tail load which occurs at the
gtart of each pull-up is slightly overbalanced by an increment of 1lift
produced on the wings as a result of the pitching of the airplans.

The airplane thus experiences no net negative—acceleration increment
at the start of eech pull-up.

load distribution.— The chordwise and spenwise distributions of
. load shown in figures 15 to 18 indicate local irregularities which may
be attributed to deformation of the surfaces and to irregular flow
conditions which occur in the region of the tail.

The reduction in the peak differential pressures over the inboard
ribs shown in figures 15 and 16 occurs as a result of the fuselage
boundary layer and local Interferences which exist at this inboard
station., At the time Just prior to the manesuver, the differential
pressure distribution is seen from figures 15 and 16 to be an angle—
of-attack type distribution for the entire tail surface. As soon as
the elevator is deflected (parts (b) and (c) of figs. 15 and 16),
however, the distribution changes to one which has & maximum pressure
differential near the elevator hinge with most of the load increment
concentrated on the elevator. In the maximum-up—~tail-load condition
the distribution finally changes back to an angle—of—ettack—type
distribution where most of the load is-concentrated on the stabilizer
(figs. 15(e) and i5(e)). Although neither of the cases shown in
figures 15 and 16 contalns a complete reversal of the elevator, it can
be easlly deduced that for such a condition large stabilizer loeds
and large elevator loads would occur simultaneously in the same
direction. This condition would, if performed at the proper speed
and load factor, specify a critical loading for the fuselage and tail
surface.

.

The curves of figure 17 show clearly, despite a certain amount of
irregularity, the effect of slipstream rotation in producing a difference
in load between the two sides of the horizontel tail surface. Although
not so clear here as from the time-history figures, the dissymmetry
can be seen to remain almost constant throughout the pull—up mansuver.
The same type of dissymmetry is shown in figure 18 but in this case
the cause of the dissymmetry can be attributed to the sideslipping
condition. The tail surface to windward in the sideslip has an
up—-load increment with respect to the downwind tail surface. The '
dissymmetry 1s found to be concentrated mainly on the stabilizer whereas
only a slight load difference is supported by the elevators (figs. 5, 8,
11, and 14).
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Tail-load parameters.— The quantities Cp, x;, d, and Iy

required for calculating the tail loads by the method of equation (1) are
representative of the pitching moment of the airplane less tail. The
greatest net chenge in this pitching moment will be associated with

the design tall loads for the airplane. Generally the quantities Cp,
x,, 4, and Iy elther can be found from wind-tunnel tests or can be
estimated with a fair degree of accuracy by use of existing engineering
procedures. The pitching-moment coefficlents were not measured in the

wind-tunnel tests of reference 1 but tests of a Ja-scale model were

available which contained such measurements. These tests of the model
gave a valus of the pitching-moment coefficient for the airplene less
tail and propeller of ~0.038. The flight tests gave a value of ~0.0501
for the power—off condition. The differences noted are attributed to
the presence of the propeller and slight differences between the model
and the airplane.

The location of the aserodynemlc center, found by use of figure 20
to be at 17.5 percent mean serodynamic chord, is in agreement with that
determined for. other fighter—type airplanes, Numerous model tests have
shown that the fuselage and the propeller both tend to shift the
aerodynamic center forward of the quarter chord point of the mean
aerodynemic chord; the amount of shift varies with the particular
configuration. Because of the small Mach number range covered by
these tests, no shift of the asrodynamic center with increase in Mach
number was noted. Shifts of aerodynamic center with Mach number,
however, would be an important factor to consider in the tail~load—
design problem.

The conditions for which critical loads will be placed upon
the airplane tall must be known in order to design the horizontal tail
surface, The use of plots such as figures 21 and 22 to obtailn the steady-
flight tail loads shown in figure 23 requires a knowledge of' the param-
eters Cp, 4, &and x¢. If these parameters are known for any airplane,
the selection of the conditions for critical steady—flight tail loeds may
easlily be made.. The largest up tall load will occur with the center of’
gravity rearward, a large value of airplane load factor, moderate airspeed,
and low altitude with power off (fig. 23). The largest down tail loed,
however, will occur in high-speed power—on flight at high altitude, with a
large negative loed factor and with rearward center—of—gravity location.
The results of the tests substantiate these assumptions.

If the tall loads can be measured in flight, the effective moment of
inertia in pitch Iy can be found (see fig. 25). Alternatively, if the
moment of inertia is known, the angular—acceleration tail load can be
determined provided the angular acceleration can be assigned It appears
from the abrupt pull-ups of present tests that for this airplane an
angular acceleration of 3 radians per second per second would seldom be
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)

exceeded. As a conservatlve estimate a maximum value of 5 radians .
per second per second would seem to suffice for conventional airplanes in

the fighter category. An examination of the results given in teble II
indicates that there is e distinct trend for the maximum angular—acceleration
values to decrease as the spesed increases. Although in figure 24 the angulan-
acceleration tail load would appear to increase directly with q, the
high-epeed pull-up points are associated with the smaller valuss of elevator
angle and L3/q. For example, & pitching angular acceleration of 4.0 radians
per second per second would be associated with a speed of 250 miles per

hour; whereas at 400 miles per hour, the value of pitching angular
acceleration would be reduced to approximately 0.5 radian per second per
second. This decrease is in line with the order of decrease shown for the .
test airplane. The value of L3 associated with the pull-up for 250 miles

r hour would be approximately 2175 pounds; whereas for the pull-up for
Ego miles per hour, the valus would be only about 270 pounds. ,

For the alrplane of figure 23 if the pilot were meking a 6g pull-up
at 225 miles per hour and were to push forward on the stick in checking
the maneuver a sufficient amount to obtein a negative pitching acceleration
of 2.8 redians per second per second, an up tail load of 3920 pounds
would be obtained which would exceed the steady—flight tail—-load value for
an 8g maneuver at a speed of 250 miles per hour. The agreement between
the measured and computed values of tail load shown in figure 26 is
consgidered good since the differences noted betwsen the curves could
almost entirely be associated with error of obtaining the pitching angular
acceleration by graphical differentiation.

The results shown in figure 27 indicate that the dissymmetry in tail
load varies linearly with angle of sideslip. The amount of dissymmetry
also appears to increase with torque coefficient in the direction which
would be expected from a consideration of the direction of propeller
rotation. The wind-tunnsl results of reference 1 indicated that the
dissymmetry for a value of Cp, of 0.2 increased at a rate of about

50 pounds per degree of sideslip and that at zero sideslip the initial
dissymmetry would be 150 pounds; whereas a rate of increase of 60 pounds
and an initial dissymmetry of 100 pounds are indicated for flight in

figure 27. ’

The scatter of the data in figure 28 for the low—horsepower conditions
may be attributed to the inadvertent sideslip angles which were introduced
by flight at high 1ift coefficients. The dissymmetry coefficient values
at the higher horsepowers were made at low 1lift coefficients which would
be associated with high—sepeed flight where angles of sideslip would not
vary a great deal. The curves shown in figure 28 represent an estimate
of the variation of dissymmetry with power in steady flight for average
conditions covering lift—coefficient values of O to 0.6 and 0.6 to 1.2.
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CONCLUDING REMARKS

The systematic measurement of the loads imposed upon the horizontal
tall surface of a flghter-type airplane in maneuvering flight has provided
information concerning the variation of load with chenges in the important
tail-load paremeters. The tests verify that the changes in load produced
by changes in these parameters are those which would normally be expected
from engineering considerations and that an accurate knowledge of the
aerodynamic—center locatlion and of the values of the airplane—less—tail
pitching—moment coefficient, airspeed, load factor, pitching moment of inertie,
and pitching angular acceleration will permit the determination of the
horizontal-tail load.

The spanwise distribution of load over the horizontal taill surface
is known to be affected by influences which change the distribution of angle
of attack across the span. Factors which influence the spanwise angle—of-—
attack distribution are the power condition or slipstream rotation, the
position of the horizontal tail within the slipstream, and the angle of
' s8ideslip. The tests indicated that in a sideslip the upwind tail surface
carried an up—load Iincrement relative to the downwind surface, and since the
load dissymmetry is basically one of angle—of-attack change across the span,
most of the dissymmetry appears upon the stabilizer with very little :
carrying back to the elevators. .

In order to design the horizontal tail surface a knowledge of the
conditions under which critical loads are applied to the tail surface must
be known. Since it must balance other forces epplied to the airplane,
the taill load will be largest in those conditions of flight for which the
net changes in pitching moment are greatest. Such a condition will exist
for the up-load case when the airplane is operating with a rearward center—
of—gravity position, at minimum speed for maximum load factor, and with
power off at sea-level. The critical down—load condition will occur in
another flight region where the speed 1s a meximum with high negative load
factors, power on at high altitude. The results of the tests substantiate
these assumptions. '

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va., July 9, 1947
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TABLE I
STRADY-PLIGH? MEASUREMENTS
olght i °.8. 80 4 q Horiscntgl—ail lost
Fiight | Run '(1 7| P (3? "‘(’.’ Sy, (percent M.A.C.) | (deg) | (deg) |-(1d/aq ft) He
! Left | Right | Total

) 1 eosg 20 | 0.00678 | 0.99 | 0.901 28.0 -3.1 . 10 -12
) 2 eo§8 361 .00562 | 1.03 7 28.0 -2. 233 eg -A7 ﬁ
3 ; 80 360 .00k%09 | 1.03 22 28.0 -2, 67.1 zg . =75 -16
) 8oN2 296 .oozg; 1.03 Jog 28.0 2.4 85.% - -121 | -188
[} g 8036 59 .00 1.0 2337 28.0 -2,0 109.2 -78 | —282 | 320
[ 30 ggz .00828 | 1,06 .272 28.0 -1.8 122.5 -20 -306 | -

3 ; 8023 .00 | 1,06 .23 28.0 2.4 154.0 -175 -299 Th
L 8018 913 00825 | 1,05 .208 28.0 -2.5 17!.; -212 - -

) 8012 5 . 1.00 .283 28.0 -2.3 118. - -23 - 61
] 10 8006 280 00882 | 1,07 .81 28.0 -4,0 a3 és ~2!

) 11 | 8006 ore 1 1.09 | 1.002 28.0 -3.3 36.9 2 8% 1
1] 12 800 ore 1.0 A12 28.0 -3.9 82'1 - - -
1) 1 800 ore 1.18 218 28.0 -2.5 185.%4 -319 | -2 ~60%
V| 35| g | S0 | .coso3| a6 | T7m 380 "3 7l | e

1 . . . .0 -2, 5, -37

8 1 8054 333 .0053 1.00 g;g 28,0 - -2 | ----- 60.3 B -;5 27
) 1 8o 429 .00818 | 1,03 . 28.0 -2.3 ————-— 78.0 3| - -
13 1 8042 225 0082 [.1.11 .381 28.0 -1.9 | ~=--- 99.0 -8 | -1 -262
[ 19 | 8036 70 .00NAS 1'83 .2 28.0 ~1. ——— 117.5 -107 -38%
1) 8030 820 00852 | 1, .2 28.0 -1.6 | ----- 1, 3 -157 | -352 | -%09
L3 21 802 ore gg 922 28.0 -3.5 gl . 87 163
3 22 802 ore . Zgg 28.0° -3.5 2.6 ¥ 108
3 2 80 ore . R 28.0 -3 gg.o 12 [+
A 2] 802 ore . .552 28.0 -2.8 a T 18 n
1 3 25 aozg ore 110% . 13 28.0 -2.7 68, 57 -1
) 26 | 800 ore g R+ 28.0 -2.2 78.3 ?,Z -35 22
) 23 aoo; ore . .3? 28.0 -2.1 9h.0 - -5 || -~108
3 2 300! ore .96 287 28.0 -1.8 | —---=- 131.3 -20% -1 -3
[ 29 | 7972 ozt .92 .28 28.0 -1,8 | ---—- 111.0 -16! = -2l
3 7971 ore .98 .23 28.0 -1.5 ———a— 143.0 -2 ~1 <§22
3 1| 7970 ofe .98 '222 28.0 -1.2 | —----- 161.6 _2'3 -213 | -
1Y 7969 orr .98 .1 28.0 -1.8 | se-a= 199.5 - ~329 -723
5 1| 7952 ofe .96 .502 33.5 6 ;5‘.9 105 190 2
5 2 7952 ore .99 .76M 33.5 -] 3.; 1 153 23
5 ; 7952 ore. 1.00 .533 335 2 61, 22 107 129
5 7952 ore +98 38 33.5 .1 82.3 -2 ;2
5 2 7 208 .00506 .96 882 33.5 -4 30.1 177 1 2
5 n .ooigz 1.00 .835 33.5 .2 .3 163 81 2
5 g 7938 zzo .00 .96 .233 33.5 .2 51.0 125 51 178
5 8 383 .oowg gg 582 33.5 -3 ?.9 105 31 136
5 9 2 ;62 .ool.:g0 . .506 33.5 0 5.0 83 1 102
5 10 7916 38 .00 gg . 33.5 -2 g.s 67 - 6
5 1 7910 73 .00332 . o3 33.5 .2 .8 37 -21 1
5 12 | 790k 37 00361 .96 . 3 33.5 .2 93.9 22 -79 7
5 1; 98 493 003 1,00 .31 33.5 —.; ———— 105.3 -12 ~99 | -111
5 bt ;gg sgo .oosgg .99 .283 33.5 -. 117.0 -16 132 | -188
5 1 [ 2 003 1.00 .2§2 335 -3 127.1 -32.| -1867 | -199
5 1 7880 71 .oo; .99 .2 33.3 -.3 18304 -50 | —209 | -259

5 b 7874 398 ooko | 1.00 .218 33. -.3 153.4 -56 —23; -201
5 1 182& 9@ oos22 .98 .199 33.5 .-.2 . - -2 —382
] 19 | 7862 .00431 -.gg .176 33.5 - 12 3 -1hs5 | 326 | z1
] 7956 00331 . .'gzs 33.5 -0 2.1 102 (5 1 .3
5 21 | 71832 ore 1.00 M6 33.5 2 69.{ 55 93 1
g 22 7820 ore 1.00 an 33.8 -.2 89 -12 60

[ 2; 7808 ore 1.03 .2 33.5 -.2 121.9 -67 19 -A8 .

2| 2| My | o ne | 3 2| mroan| o8| 22

. .14 .5 -1 -———— . - - -

5- 26 | TIT2 ore 1.0% 133 %%5 -3 ————— 256.% -296 | -325 | 621
13 1| 8135 328 |-----—- .98 .980 29.7 -1.0 -0.6 23.& 169 21 190
13 2| 8123 L% B P 1.08 760 29.7 -1.1 ~-2.1 .0 132 -3 i
13 ; 8111 368 j-—---- -1 1.05 ?60 29.7 -1.2 —-2,2 68,7 108 -92 16
13 gggg L 1.05 430 29.7 -.9 -3.2 8h.,9 8; -1 -35
13 5 519 003 1,13 '338 29.7 -.5 —g. 105.7 -136 | -133
13 6| 8o .00 1.05 .2 29,7 -5 -k 127.9 ~30 | -e21 | -252
13 g 8063 790 .ookod 1.83 2% 29.7 —.g —l.g 150.0 -108 | —282 -3
13 8051 1046 00419 . .190 29.7 -. -N, 178.9 ~162 | ~ 542
13 8039 168 |-=—-— 1.02 ----- 29,7 -5 -4.5 ~=—m= —==| === ===-
13 10 | 8o 1170 ookos | 1.0 .170 29,7 -5 -5.6 210.5 -207 | -M81°| -688
13 11 | 8015 ore 1.08 | 1.060 29,7 -2.2 6.2 A7 132 118 246
13 12 8003 ore 1.05 .7?‘8 29.7 -1.% 2. 94 166
13 1 7991 ore 1.(9)3 ?oo 29,7 -1.2 g 65.7 32 50 “81
13 1 1979 ore . . 29,7 -.g - 83. -13 - -18
13 1 7967 ore .98 .310 29.7 - -1.6 106.5 - - -12%
13 1 7955 ore 1.0 .280 29.7 -7 -2,1 127.1 -81 | -111 | -193
13 1 7983 off . .220 29.7 -.5 -z.g 153.2 -139 { -1 -332
13 1 7931 ore .88 .160 29.7 - ; -2, 18i.0 -1 -2 - 23
13 19 | 7919 ore 1.0% .150 23.7 - -3.1 2154 -2 -347 | -685
1%a 1 8136 388 | —~——-—- . B 29.7 -5 -.2 95.8 15 ~91 =76
1Ga 2 8118 388 | ———-—-- 2.33 '? 2 23.7 -1.2 2.7 95.8 26 n 337
19 2 8100 367 {—------ 2.61 .961 29.7 ~2.1 N2 93.2 13 203
158 8082 363 [----———] 2.8 1.066 29.7 -3.2 5.7 92,6 56 15 10
108 5 { 803k 780 00205 | 1.0 .235 29.7 —.Z -1.2 1;3.9 - -252 | -3
1Ga 6 8016 780 00410 | 2,26 517 29.7 -1, Y 138.3 1 — 118
1%a g 7 T76 .00 2.54 26 29.7 -2.1 .8 122.9 230 -33 193
19 T gg .00812 | 2,92 67! 29,7 -3.; -1.8 1k6.2 223 1 30
10a 7 .00352 | 1,08 .15 29.7 = ~1.% 222.; - ~53 -TT%
1% 10 | 7932 976 003! Z 2.2% .3 29,7 -1.5 -2 228, ———f e | e
B | & | e i |l | 37 | Al 8 Ry | w| ow| w

. . . 2 -3. . . -

19a 13 | 7878 956 00333 2.2% .3% 23 '7r -3.0 . 229.0 b2 | 208 | -166
1% 1 81487 ore 1.0% .386 29, - 2.4 .6
1® 2 | 81% orr z.%g .378 23.?( -2;2 5.8 5.9 174 2't2 420
19 3 ore 2. .95; 29.7 -2.6 7.6 89.0 1) 27 525
19 80 g ore 3.10 1,22 29.7 -5.3 9.1 86.% 3n 398 735
19 5 1 801 ore .97 .232 29.7 —.2 .8 151.6 -14s5 | -132°| -o77
19b 6 | 8009 ore 2.29 . ;3 29,7 -1. 3.2_ 145.7 101 101 203
19b g 79 ore 2,65 683 29.7 -1.8 .2 139.5 192 136 32
19 7982 ore 3.20 .82 29,7 -2.0 4.8 185.7 208 22h 2
19b 9| 79715 ore 1.04% .159 25.7 -6 4 220.7 —-303 -313 | -616
16b 10 | ---= ore 2.52 —= 29,7 ——— 2,2 | -7 === -
19b 1n | 799 ore 2.52 .389 29.7 -1.7 217.0 -32 -26 -28
19 12 | 1912 ore 2.93 A5z 20.7 - 222.2 i6 26 2
1% 13 | 7904 orr 2.95 562 29.7 -1.9 213.4 0 a 81

SNo values of torque coefficient vere obtained for power—off condition. MATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TAELE II
MANEUVERING-FLIGHT MRASUREMENTS
Tme | Altituds Ve | Do,g.| Dt % 7 ] 3 ]
FlUght | R | (og0) |~ (£2) % | (ma)| (85%] (&) | (a98) | (1) | (rattene/eec) | (2s@) | (a08) | L
14 8 0.5 25100 0.,00768 | 126 | 0.98 | 0.98 | -0.6| -h.0 o 0.8 | -===='| 0.83
.0 126 .5 .32 | =19.3 | =39.0 050 -.9
‘ 1.30 2% | 1.78 | 2.26 | -17.0 | -27.5 590 | meee-
| 1.60 ) 123 1.k2 2,07 | =13.1 | wmee- 295 ————
: 14 82 | 1.00 25200 | .007A8 | 156 .98 .98 =8 | 1.3 002 2.4 | em=ee [ 529
1 1.5 1%6 | 1.05 .00 | 12,7 | =63.0 .1k0 2.3
1.70 156 | 2.85 | 3.06 | -12.3 | -38.0 690 ————
1.9 151 | 2.0 | 3.00 9.4 | 3.0 +555 m———
! b1y 83 12,30 | 252% o05h2 | 18% | 1.07 98] -8] —2u 0 2.6 | eme—e | M6
2.55 18 1.05 | =28 | -10.8 | =T7. 095 2.1
3.10 179 | 370 | 50T | 9k | mem-e 620 ———
3.20 176 | 3400 | 3.90 | =962 | =e=e- 365 R
b Y LSS 25000 ore m .98 98 | 1.8 -9 o 61 | ===- | 1.033
1.00 m o 45 | -20.6 | -35.0 . 0% 6.0
1.70 26 | 1.8 | 1.97 | «1646 | ~ewee B P
2.00 215 | 2.01 | 1.90 | 15,8 | wee-n 205 —— .
1k % | .60 24900 ore 158 | 1.00 95| 10| 9.6 0 11 |- | .529
. .80 158 9 22 | -18.6 | =65.5 100 1.2
1.30 158 | 2.98 | 2.8 | -16.0 | -47.0 735 o==-
1.62 153 | 2.k0 | 3.00 | <12.7 | -e-e- 325 -
1 % | & 24400 orr 1% .98 .98 -h | 6.3 ° ° camee | .390
1.00 18 | 1.05 00 | -12.7 | -T3.0 .08 0
1.5 178 | 3.62 | 3.70 | -13.7 | -49.0 T80 ———-
1.8 1TT | 2.93 | 3.86 | -12.3 | we=-- .325 ——ue
15 1 60 9000 .003%3 | 188 | 1.07 .98 | -1.0 | -16.5 .015 1.8 | eeee- .08
.80 1688- | 1.23 .20 | -13.1 | -T0.8 205 .8
1.40 188 | 3.26 | 3.77 | -10.8 | 12.0 .300 1:3
1.60 187 | 3.18 | 3.68 | 9.2 | 2.5 110 6.8
15 & [ .90 9000 {0367 | 186 .98 .98 | -1.0 . 0 A5 | == | 303
1.2 186 | 1.02 05 | -1h.3 | =50. 150 -3
1.7 185 | 3.0 | k.08 1.3 | =ee-- kg0 ——am-
1.7 165 | 3.91 | %.08 | 1.3 [==--- B30 | meem-
13 5 .30 9000 ofe 18 .98 98 | -1.0 0 0 1.5 vane 3%
: 625 18 | 1.05 J0 | =15.7 | -69.0 .090 2.8
1.20 18 | 3.58 | k23 2.3 | 30.0 .30 15.6
1.15 184 3.58 k.19 1.7 21.0 395 14.8
15 8 .70 9000 ore 183 | .11 98 | <10 | -1l.0 0 2.6 |=ee-- 548
96 383 | 1.02 | 29 {-16.6 |-B0.0 .20 2.8
1.60 183 | 3.86 | &35 2.3 | 35.5 .360 18.8
1,44 183 | 3.68 | k.35 .3 | -8.0 . 16.8
16a 1 | =0 7020 ., | 00336 | 211 |1.09 }1.02 } <10 }-==-- 0 2.5 === | 3%,
~420 211 | 1.0 32 | 8.8 |e=mme 125 -1.1
45 211 |5.38 | MTS veQ jom——- .330 6.9
373 211 | h11 | MTH b |weee- . 6.4
168 2| -20 7000 .00332 {213 |11 98 | “1.0 |ee=- ] 1.8 |em=e- .330
ko 213 | 1.06 0 | -13.7 | -=-=- .105 -1.1
1.00 213 (b9l | 5.6 2,5 |meme-- A75 10.1
975 213 5.60 5.61 1.3 {===-- 505 1.1
16a 33 | .0 6970 00343 | 209 {1.0% }1.00 { -1.0 .010 1.6 femeee | L337
.70 209 | 1.05 .32 [-1.0 .230 -.9
1.25 209 | 5.1 |6.08 1.5 .600 13.0
1.28 209 | 5.20 | 6.08 2.2 550 13.0
B |- 6800 Jo0k2 | 232 | 1.6 .98 | 1.0 ° 2.1 |ese-- | .288
16e -.gg 232 | 1.12 «.07 | =10.4 AT -1.2
.50 232 5.56 6.03 S5 560 8.7
.50 232 | 5.5 |6.03 .5 460 8.7
1 |1.00 8500 oohk | 241 |1.07 ]1.06 | <10 7.6 o 1.9 |[eemm- 247
17 1.30 28 | 1.09 .76 4,5 |~33.0 .010 “1.1
2.10 239 | 453 | & -2 | 225 250 b.h
215 |, 238 | bS5k | B3 - je2hS 210 b.3
2] .70 8670 .00415 | 281 | 1.07 98 | 10 8.5 ° =1.9 =-==- 246
: 1 1.720 28l | 1.2 .19 5.3 |=36.0 090 -1.5
2.23 236 | 5.65 5.68 2 39.0 .270 3.0
2.20 ‘ 236 | 5.37 |58 2 | 375 290 s
85¢all pull-up

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE YI.- MANEUVERING-FLIGHT MEASUREMENTS - Continued
Tail losds
(1b)
Elevator Stabilize Total X 8 c.g-
il (an’?nc"’) (dog7nc) (perosat M.A.C) | THiEnY| Rm

Iaft | Right |Total | Left | Right | Total | Ieft | Right | Total

12.1 9.9 22.0| 150.8] 3%.5| 185.3| 165.1| 38.8{ 203.0 1.17 168.0 29.7 1h 1
«185.0 | =175.0 | =360.1 | ~60.1} ~200.% | «260.5 | ~245.5| =375.6 .6

55,0 | ~100.0 | =155.0 | 320.0] 200.0] "%20.0 | 260.0 85.0 355.0

30.2 27.8| 58.0( %55.7| 178.0| 1033.7 | S562.%| M9s.0! 21057.0

2.2 [ 2.2 106.3| -38.8] 67.8] 120.1 -38.3 7.0 2.50 162.0 29.7 1 2
218.0 [ -255.7 | 53,1 | -225.5| =393.8] -619.h | -497.7| -652.8! -11%0.0

-61,5| -18h.3 | -205.8| 606.M 3h1.0| 97.h| 5K3.8| 193.1| 737.0

59.9 3.2| 63.1] 86.2] 685.2]|1521.6 ] 8n. 67h.M | 1586.0

“13.5| -12.°h| -25.9 66.9| -105.2| -38.3 S5ke0 | ~121.b 67.0 2.38 17.6 29.7 15 3
-366.3 -ég.o =700.3 | ~233.1| -420.0 | -653.1 | -577.3 | ~783.5| -1360.0

9.7 5| «72.8) 919.3] Q1.8{1531.1| 9¥T.M| =9.0| 1k66.0

20.2 3| 20.5)1056.3] T51.0 1807.3 J] 910.7f 1976.0

15.0 o 15.0[ 90.0| 125.0| 225.0| 103.0] 125.0| 230.0 1.27 176.0 29.7 LY 3
~130.6 | =IN2.7 | =273.3| -87.%| -70.3| -157.7 | -216.1} -213.h| -b29.0

“39.9] -37.0| -76.9 236.8| 232.5| M69.% | 197.5| 266.5 6.0

=16.2 3.8 | -11.T| %22.8] %03.6| 926.3] 499.0] k0B.M| 907.0 . )
5.1 16| 2.6 15.0] e1.5] 102.5] 6.9 a7 91.0 1.83 188.0 9.7 L3 5
~218.0 | «241.0 | =459.0 | -232.0 -251.0 | -482.0 | -Ms8.0 | -MB5.0| -933.0 -
-116.5| -127.9 | -2kb.b | K13.3| 27| 6886 | 293.5] 192.0| hBk.0

15.0 -5.0 | 10.0| 850.0{ T30.0]1580.0 | 865.0| T25.0| 1590.0

~3.9 .3 -3.6 0 4] ’ [} 2.2 =5.7 -7.0 2.0% 160.0 29.7 1k 6
270.0 | «286.0 | =556.0 | -308.0| ~325.0 | <633.0 | -562.0 | ~605.0 | -1168.0
«120.0 | -155.0 | 275.0 [ Sh5.0{ %525.0|1070.0 | 4@5.0| 370.0| 795.0

28.0| -19.0] -48.0( &8.0| 750.0|1578.0 | 790.0| T19.0| 1508.0

0.0| -20.0| <0.0 20.0{ -60.0{ 0.0 20.0f{ -80.0] -60.0 2.9 80.0 29.7 15 1
«305.0 | =355.0 | ~660.0 | -205.0{ =320.0 | -525.0 | =510.0 | =673.0| =1185.0

87.8| 76.9 ] 168.3| 699.2| 188.8|1188.0 | 785.5| 558.9] 13M.0

136.5| 126.8| 263.3| 681.9| &%1.0[1133.0| &3.9| 573.0| 1MB.0

2.2 -13.0| -15.1| M.3| -80.9| -39.7; M.2| 96.6] +56.0 2.63 108.0 29.7 15 2
=350.0 | =350.0 | =700.0 | =260.0 | -395.0 | <655.0 | 610.0 | ~7h5.0 | -1355.0

1%0.0 | 150.0 | 300.0| 673.0{ 900.0|157%.0 | &3.010%0.0| 1875.0
-150.0 [ 150.0 | 300.0| 675.0| 900.0 |1573.0 825.0 | 1050.0 [ 1873.0

9.h -7.8 | =16.0 -1.0| -13.0{ -18.5| <10.1| -«20.8( <30.0 2.16 ———eascan 29.7 15 5
«340.0 | ~345.0 | =685.0 | -290.0 | =315.0 | -605.0 | <630.0 | -660.0 | -1290.0

155.7| 151.1 | 306.8} T7h.7| T55.3 {1330.0 | 912.8( 875.1| 1787.0

1k5.0| 1%5.0 { 290.0! &%.0{ 775.0 |1590.0 | 960,0| 920.0| 1880.0

-10.8 9.4 1 1| 13.0f 23.5( 36.6 2.2 32.9 5.0 2.87 B 29.7 15 6
«285.0 | -345.0 | -€30.0 | -265.0 { =270.0 | =535.0 | -550.0 | ~615.0 | = 0

k1! 154.9 | 298.9 | 833.0} 830.8|1663.8| 9TT.1| 98.9 «0

170.0 | 170.0 | 340.0| 920.0| 925.0 | 18%5.0 | 2090.0 | 1095.0 0

2h3| 281 | 5.3 0 [~-177.0|-177.0| -22.1|-203.h| -05.0 1.75 64.0 29.7 6 |1
-308.6 | =314.0 | ~622.6| =191.0 | =3T2.0 3.8 | -496.3 | -679.8 | -1176.0 .

180.0| 160.0 | 3%0.0| 915.0| 555.0 | 1475.0 [1100.0 | TA0.0| 180%.0

195.0| 175.0 | 370.0] 955.0} 610.0)1565.0 [11%0.0| 763.0] 1935°
Ta12.7) -16.2 | 28.9| -3.2|-158.3{-161.6] -5.4|-180.2] -185.0 2.60 92.0 29.7 16a | 2
-365.8 | =362.5 | =T28.3 | -309.1 | 438.6 | ~7h7.8 | <692.7 | -768.8] -1481.0

286.8| 261.h | 508.21197.7| 907.k [2105.1 | 1880.9 | 115K.5] 2635.0

235.0 | 240.0 | 475.0|1210.0} 930.0 | 2140.0 | 1W45.0 | 1170.0 | 2615.0

-13.01 -17.5{ -30.5 8.1 ] -169.5 | <161.3 0] -195. =195.0 2.33 T2.0 29.7 16a | 3
-389.5 [ «414.3 | -803.9] -252.0 | -k27.3 | -679.2 | -639.9 | -638.4 | -147B.0

220.0| 280.0 | 500.0| 1280.0 | 1040.0 {2320.0 | 1560.0 | 1260.0 | 28e0.0

240.0| 290.0 | 530.0 | 1270.0 | 995.0 | 2265.0 | 1510.0 | 1285.0 | 2795.0

«15.1| -20.8 | -35.9] -b9.1]-239.0 | 288.0 | -62.0| -263.3| -325.0 2.b7 8.0 29.7 16e 13
-440.0 | ~400.0 .01 -380.0 | -515.0 { -895,0 | -820.0 | ~915.0 { -1735-0 :

237.h | 220.7 | ¥58.01326.1 | 888.0 | 221k.1 | 1563.8 | 1108.7 | '2672-0

237.5 | 220.7 | 458.0|1326.1 | 888.0 [221k.2 | 1563.8{1108.7| 2671.0

26.9| -3.5| -30.3] -23.2 | -210.5 | 233.6| 45.9]-224.8| 270.0 T 24.0 29.7 17a |12
214,71 -181.3 |-396.0{ -116.5 | =309.7 [ -k26.2 | -334.5 | -489.9 | -Bek.0

120.0| 120.0 | 240.0]| 855.0 | 60.0 [1315.0 | 973.0 | 580.0 1555.0

1%0.0] 120.0 | 260.0| 80.0 ] 0.0 {1290.0 | 990.0 | 560.0} 15% .0

~30.0] -15.0 | -45.0] =30.0 | 2%0.0 | -270.0 | -60.0 | -255.0| -315 .90 2.4 29.7 1Ta |2
-230.4 1 |-436.5| -88.5 |-302.1 | -390.6 | -318.7 | -508.7| -Be6.0

190.0 | 190.0 | 380.0{1170.0 | 745.0 |1915.0 | 1360.0 | 935.0{ 2295.0

189.5 | 188.3 | 377.7{1186.9 | 7TT2.5 |1958.h | 1375.4 | 960.7| 2335.0
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NACA TN No. 1483 23
TABLE II.- MANEUVERING FLIGHT MEASUREMENTS - Continued
Teil loads
(1)
Elevator Stabilizer Total * by 8 c.g.
(redtanajnec?) | (asgleec) | (percent M.a.c.)| Flight| Fm

Laft |Right |Total | Left | Right | Total | Ieft |Right | Total

-37.8| «28.6 | 66.4 | -32.9| -220.1} -253.0 | -69.6 | -248.4 | -318.0 0.88 22.0 29.7 178
«265.4 | ~236.3 | -501.7 | -Bh.2| -282.7] -366.9 | -350.7 | ~516.6 | -867.2 &
60.0 60.0 | 120.0 | 920.0| 550.0( 1470.0 | 980.0| 610.0 | 1590.0

83.6] 93.3| 177.0| 927.2| 555.7 |°1472.8 |1000.0 | 648.4 | 1648.4

-15.7 4.4 | 20.1 8.7 9.4 n.z 66.11 -13.0 53.1 .69 56.0 .1 18
-112.8| -95.8 |-208.5{ -23.7{ =85.2|-109.0 {=135.k { -181.0 | -316.4 ®

70.0| 60.0 | 130.0 | 470.0| 275.0| T50.0 | 540.0 | 335.0 | B75.0

80.4 69.1 | 149.5 | 492.0| 279.5] TTL.5| 5725} 348.4 920.9 -
S=11.1 -8.1 } -19.2 97.71 -29.1 68.5 85.3 | -36.2 50.2 «90 8.0 29.7 18
<165.6 | -181.3 | -346.9 | -38.8] -155.4 | -29k.2 | -203.0 | -336.0 | -539.0

35.0 0. 35.0 | 660.0( 365.01045.0 | 695.0 | 385.0 | 1080.0

108.5 | 112.8 | 221.2 | 667.9) W4h.6 |1112.5 | 775.3 | 556.0 | 1331.3

40.5| -3h.2 | -TH.T] W7.2| -48B.6| -l 6.2| 8.2 | -75.0 49 51.0 29.7 18
=110.6 | -111.1 | -221.7 1.4} -107.1 1 -105.7 |-111.1 | -215.3 | -326.b

«5,0| 0.0 | -25.0 | 395.0] 290.0 585.0 | 39%0.0| 270.0 | 560.0

8.7 92.0 | 176.7 | k00.3} 252.0( 652.3 | W85, 3447 89.3

-75.0 | -35.0 {-120.0 [ -155.0 | ~435.0 [ -590.0 | 230.0 | -480.0 | -T20.0 .52 10.0 29.7 20
-158.1 | -134.9 | -293.0 | -132.7 | ~408.9 | -5k1.7 | -290.0 | -5k2.3 | -832.3

111.4 | 133.0 ] 2kb.4 | 810.3| 359.6|1159.9 | 921.3 | u&.3 | 1503.5

111.6 | 133.0 | 2uk.% | 810.3| 349.6 }1159.9 | 921.3 | 48e.3 | 1503.5
. =55,0 | =b6.h |-101.5]-175.9 | ~B45.0 | ~620.4 | -230.1 | -kgl.k | -T21.5 90 17.6 29.7 20
-216.3 | -209.9 | -426.2 | -219.0 { -466.1 | 685.2 | ~-435.6 | ~655.7 |-1090.3

180.0 | 200.0 | 380.0 {1060.0] 575.0 | 1635.0 |1080.0 | T70.0 | 1920.0

21h.2 | 219.0 | 533.2 {1098.k | she.7]16k1.2 |1186.9 | 766.8 | 1955.7 )

42.9 | 24.0 | -66.91{-195.3 | -449.9 | -645.2 |-237.h | -bTh.2 | -TAL.5 25 h.0 29.7 20
-87.h | -70.7 |-158.1 | -185.6 | -k26.7 | 611.8 | «272.9 | -496.6 | ~668.%

70.0 | 135.0 | 105.0 | 8&0.0| 335.0 | 1155.0 | 890.0 | 370.0 | 1260.0

105.0 | 70.0 | 175.0 | 780.0] 295.0 {1075.0 | 885.0 | 365.0 | 12%0.0

=50.0 | =30.0 | -80.0 | -210.0 | -450.0 | <660.0 |+260.0 | ~480.0 | ~T40.0 &7 5.2 29.7 20
-118.4 | -83.k |-201.8 | -220.1 | -460.7 | -680.9 |~338.4 | She.7 [ -880.2

103.6 | 113.0 | 216.6 | 962.5| 38e.0 |134h.4 |1065.0 | 595.0 | 1560.0

103.6 | 113.0 | 216.6 | 962.5| 382.0 [1344.k J1065.0 | k95.0 | 1560.0

-51.0 | ~28.0 | -T9.0 | -265.0 | -283.0 | -548.0 {~316.0 | -311.0 | -627.0 .36 6.0 29.7 20
-85.0 | -79.0 |-16%.0 | -280.0 | -317.0 [ -597.0 {-365.0 | -396.0 | -T61.0

=7.5 1 12.5 5.0 | 618.0| 626.0|12kh.0 | 610.0 | 645.0 | 1255.0

106,0 | 111.0 | 217.0 { 610.0] T11.0 |1321.0 | TA6.0 | 82.0 | 1539.0

61:0 | <36.0 | “97.0 | -265.0 | -305.0 | -569.0 | -326.0 | -340.0 | -666.0 .63 10.8 29.7 20
-211.0 |-187.0 |-398.0 | 210.0 | ~228.0 | -438.0 |-b21.0 | -415.0 | -836.0

92.5 | 102.0 |-195.5 | 767.0| 636.5 {1403.5 [ 865.0 | 725.0 | 1590.0

97.0 | 1m1.0 | 208.0| 750.0| 635.0 [1385.0 | &47.0 | 6.0 | 1593.0

«106.0 | -hh.0 |+150.0 | -266.0 | -318.0 | ~584.0 |-372.0 | -362.0 | -T34.0 1.18 25.6 29.7 20
-335.0 |-265.0 .0 | -310.0 | ~351.0 | -661.0 5.0 | «616.0 |-1261.0

148.0 | 235.0 | 383.0 | 910.0| 7h3.0{1653.0 [1058.0 | 978.0 | 2036.0

100.0 | 163.0 | 265.0 {1045.0| 766.0 | 1811.0 [11L45.0 § 93k4.0 | 2079.0

1.0 | -21.0 20.0 } -265.0 | -297.0 | -562.0 | -22k.0 | =318.0 | -5k2.0 .30 2.4 29.7 20
-93.0 | -75.0 {-168.0 | -250.0 | 297.0 | -547.0 |-343.0 | ~372.0 | -T15.0

4] -18.0 | -18.0| 665.0] 621.0 [1286.0 | 665.0 | 603.0 | 1268.0

106.0 | 83.0 | 189.0] 559.0| 697.0)1256.0 | 665.0 | 780.0 | 1k4S5.0

26.4 | -3.5] -29.9|. 57.2] -242.8| -300.0 | -83.6 | -2b3.9 | -327.5 30.6 2la
-115.0 | -65.0 |-180.0 | 70.0] -350.0| -280.0 [ -45.0 | -415.0 | -460.0 .69 2.0 30.6 21a
“257.9 |-199.6 |-k57.5 10.81 -397.1 | -282.0 |-247.4 | -596.9 | -843.3

5.0 | -5.01 -10.0| 775.0] 225.0{1010.0 | 770.0 220.0 | 990.0

25,4 | 38.3| 63.7] 831.9| 259.0]1090.9 | 856.8| 297.0 | 1153.9

-160.0 {-130.0 |-290.0 «5.0 | -365.0 | -370.0 } -165.0 | -495.0 | -660.0 7 21.6 30.6 21a
264 4 |-21%.2 |-478.5 | -4T.5] ~B06.8] -454.3 |-311.4 | 620.0 | -931.4

70.0 | 70.0 | 1%0.0{ 980.0] 360.0]13%0.0 [1050.0 | 410.0 | 1460.0

53.4 | 38.31 91.7| 974.3] 383.1f1357.h |1027.3 | 421.7 | 14481

65,0 | 45.0 |-110.0 | -275.0{ =75.0 | -350.0 |~340.0 | ~120.0 | -460.0 T 17.2 30.6 21a
-193.1 |-16k.0 {=357.2 | -293.5]| -8B.5 | ~382.0 [~UT70.4 | ~249.3 | -T19.7

110.0 | 100.0 | 210.0} 580.0} 730.0{1320.0 { 645.0 | 880.0 | 1520.0

133.5 | 113.8 | 246.3{ 597.8| T738.0]1335.8 | 673.3| 898.8 | 1572.1
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t| mum| Time | Altitule \/ no.g. | By 8 7, é B
Tl (soc) | (%) S | ot | @5 B | rafe) | (D) | (retsens/eec)| (288) | (a0e) | T
2la 5{ 1.0 9000 0.00k23 | 236 99 | 102 05| -1.b 015 ‘b, 0.2
1.375 236 | 1.17 .63 6.2 | ~k8.0 120 R > »
2.10 223 K4 | b91 o1 15.3 +320 6.
2,00 204 | ho27 § bSL -5 | 10.0 510 6.6
2la 6| Steady| 7500 W0039% | 263 | 1.00 .98 [ -l 018 -.6 1.3 195
Aa 7 .20 T500 .00362 | 275 .88 | 1.06 | ~l.2 | ~17.1 020 o |50 257
40 275 | 1.0 88 | 2.7 | =325 055 B3
1.15 oth | 3.718 | .75 3 1 2.0 185 3.4
1.10 oth | 3.76 | b5 -.8 2.0 240 3.5
21a | 8] 1.50 7500 .00390 | 263 | 1.00 | 1.00 -6 | 9.5 .018 .1 | -3.0 193
1.70 263 | 1.04 B | 23 | -3k 035 .3
'2.50 262 | .00 | b.39 -3 -2.2 .325 h.b
2.50 o262 | k.00 | k.39 -3 2.2 .325 (3
21 9| 1.00 7500 .00603 | 259 | 1.00 .98 -5 6.4 022 By 6.0 198
1.20 259 | 1.06 B8y | 2.6 | «28.0 070 .1
2.05 256 | h.67 b.69 5 9.0 .270 6.6
2.00 257 §.10 .71 =3 9.0 315 6.7
2la 10 1.30 T500 00800 | 259 | 1.00 | 1.00 -9 «8.0 .020 53 k.9 197
1.60 259 | 1.20 .90 | 4.0 | ~34.0 090 .6
2.40 256 | .08 | h&.50 0 | =25 265 4.3
2.50 256 4.08 4.51 [ 2.5 .265 k.3
21» 1| Stesdy| 7500 .0033% | 300 | 1L.11 90 o8 | mmee- .0k 2.0 1.4 158
21 2 -.10 7300 . +00333 288 { 1.02 .93 2.3 | wmem- 025 =3.1 4.0 156
.10 288 | 1.06 | 1.06 | 3.7 [ ====- 070 -1.7
.80 287 3.75 3.95 -G | me——- 060 .9
N: ) 287 3.75 3.95 -9 | mmeem .060 9
2b 3 1.50 | remmsces | ommmene 296 1.01 .98 -1.7 6.0 000 2.0 -1.2 2155
1.8 296 | 1.23 .98 | -3.3 | =34.0 075 -1.8
2.60 29h 3.87 %.18 - 2.5 .230 1.2
2. 29h | 3.87 4,18 -.8 2.5 .230 1.2
21 b | Steady | 9000 .00325 | 301 | 1.00 | 1.00 e | memm 0 2.0 1.5 150
21v 5 &0 8500 0032k | 281 | 1.28 92 1.8 | -l.2 -.005 “1.7 5.2 159
1.10 281 ] 1.19 W90 | ~3.7 | =33.0 065 -1.6
2.0 279 | %.%6 | 4.69 | -1.8 | 1k.0 2195 1.7
2.10 279 k.56 5.69 -1.8 | 1k.0 195 1.7
21b [3 .70 8500 £00353 | ==== | 1.02 .93 -8 | me—ee [ =1.9 3.7 157
1.10 ——— 1,12 .90 | 2.9 | =33, 0TS -1.5
1.8 ———e | h23 | MBS | -5 | B -212 153
1.8 —ee | Wk | BS1L | 2.0 5.0 .257 1.6
2a 1 | Steady | 6500 ore 236 | 1.8 | 125 | -3 | == -.015 1.9 | 29 -28%
228 e | -0 4500 ore 258 | 1.4 | 115 | 1.7 | -1b.2 - 2 | -b.b «239
a5 ) 253 | 1.33 93 | 5.1 2.5 .100 1.5
90 2h9 | B.22 | B.T9 -6 3.0 4200 6.1
.83 25 | 5.18 | &8 [ -1.9 1.0 .280 6.6
228 3] -.20 | 6500 are oh1 | 1.00 | 1.06 -8 <15 -.005 A4 |2 -235
BY) 2hl | 1.06 72 | meem- -45.5 .00 .8
.90 238 | k.34 | B79 | -.8 1.0 .280 8.8
.5 238 | 4.30 | .75 [ -1.% 5 320 ==
208 b | 1.0 7000 orr 227 | 1.00 981 =.a | -10.5 0 -3 9-9 266
1.37 227 1.2 .90 5.0 | =39.5 .080 .9
2.35 20h 3.98 | 4.34 4.6 | =11.0 .325 12.2
2450 224 3.9% .3} =3.7 -8.0 <295 ——ee
28 5 .50 7000 off 232 95 | 102 1.0 | -5.0 [} 2.1 6.9 239
83 231 | 1.30 .90 5.5 | =hl.5 095 3.2
1.64 229 4,65 5.10 =5 7.5 410 11.3
1.64 229 5.65 5.10 =5 1.5 410 1.3
22¢ 1 | Steeay | 8000 ofr 290 97 | 1.06 2 2.0 [} -1.6 1.7 155
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TABLE IT.- MANBUVERINO-FLIGET MEASUREMENTS - Continued
Tail load
(1v)
Rlevator Stabilirer Total 8, 8 c.8-
(nunm;eca) (aag?ne) (porcent N.a.c.) | Flight| Rm

Isft | Right |Total | Ieft |Right | Total | Left | Right | Total

-35.3| -l.%§ -35.6( -139.2 | -150.1] -290.3 | ~173.0| ~252.0 | -323.0 1.2 4.8 .

250.0 | -220.0 | ~460.0 | -240.0 | -260.0| +495.0 [ -480.0| -480.0 | -960.0 3 .6 bl
127.91 128.6| 252.5| T89.9] 665.7|1k35.7| 876.0| 789.0 | 1665.0

122.5| 113.8| 236.3| 798.5| 677.6|1876.1| 920.0| 790.0 | 1720.0

«10.8| 12.% 2.6 [ -123.6 | -335.0 | -458.1 | ~133.0 | =323.0 | ~436.0 30.6 21a | 6
-125.7| -7%.5 | -200.2 0. |-b52.1{ =h52.1 | =125.0 | ~526.0 | ~651.0 g4 28.0 .6 2la
=260.6 | =172.1 | -432.7 | =65.8 | ~498.5 | -56h.3 | -325.0 | ~670.0 | -995.0 » T
$0.0| 80.0 | 170.0 | 830.0 | 175.0]2005.0 | 920.0| 255.0 | 1175.0

8.9 69.1| 150-0| 83.2 | 169.91053.1 | 943.0| 286.0 | 1191.0

-80.0 | -40.0 | -120.0 | -25.0 |-385.0 | -510.0 | -205.0 | -425.0 | -530.0 .60 20.0 30.6 2la | 8
-168,3 | -126.2 | -29%.6 | -53.0 | -B45.6 | =500.7 | -222.0 | -571.0 | -793.0 .
70.7 79.0 | 149.7 | 82b.b | 273.0|12097.3 | 894.0| 352.0 | 12h6.0

0.7 T9.0 | 149.7 | 8ed.b | 273.0 {1097.3 | 834.0 ] 332.0 | 1246.0

~66.% | -38.0 [-10%.4 |<278.% |-178.0 | -b56.% ~344.0 | -226.0 | -570.0 BN 19.6 30.6 2la { 9
=202.2 | -178.6 {=378.7 | =318.3 | -239.5 | ~557.8 [~520.0 | ~-W17.0 | ~937.0
100.0 | 110.0 | 215.0 | %10.0 | 615.0 [1130.0 | 610.0 | 725.0 | 1335.0

98.2 | 101.b | 199.6 | 922.2 | 636.6 |1188.9 | -620.0 | T37.0 | 1357.0
43,6 | ~22.7 | «68.3 |-286.0 [-219.0 | ~465.1 | -291.0 | =241.0 | ~532.0 oTh 13.2 30.6 2la |10
=191.0 |-159.7 [=350.7 |~2T1.9 |-246.0 | -517.9 |-462.0 [ -405.0 | ~867.0
100. 102.5 | 203.1 | 536.3 | 570.8 |107.1 | 638.0 [ 672.0 | 1310.0
100.6 | 102.5 | 203.1 | 536.3 | 570.8 |1107.1 | 638.0 | 672.0 { 1311.0

-39.2| 0.3 | ~39.9 |-230.b {-413.3 | -643.6 [-269.0 | -b13.0 | -682.0 30.6 o1 [ 2
-110.0 | -70.0 |-180.0 | -80.0 |=-565.0 | ~645.0 [~190.0 | -635.0 | ~85.0 .76 15.2 30.6 2 | 2
-'222-0 -184.5 |-b23.5 |-129.5 [-580.7 | -T10.0 |~368.0 | ~76k.0 |-1122.0

g; 84,7 | 147.3 | 670.1 | 8.0 1 752.1 | T32.0 | 266.0 | 898.0

62. 8.7 | 147.3 | 670.1 ] 8.0 | 752.1 | 732.0 | 166.0 | 898.0

~82.5 | +22.1 |-104.7 |-12b.1 | -483.4 | =607.5 | -205.0 | -505.0 | -730.0 .52 10.8 30.6 2 | 3]
-205.0 |-127.3 |-332.3 [-113.3 | -453.2\] -566.5 | -318.0 | -580.0 -aze.o

62.6 | 93.3 | 155.9 | 721.9 | 269.5 | &1.3 | 783.0 | 262.0 | 1085.0

62.6 | 93.3 | 155.9 | 721.9 | 169.% | 891.3 | 783.0 | 262.0 | 1085.0

42.9 b6 | -38,3 [-217.k | ~bho.2 | “657.T | ~259.0 | ~436.0 | ~695.0 30.6 21 | M
-34.5 | «31.3 | -65.8 | -372.3 | -296.7 | 669.0 | -406.0 { -327.0 | ~733.0 .60 16.0 30.6 21b | 5
-198.2 -1;.2.1 -384%.7 -:10.0 -635;'2 -73811.0 -g;o.o -523.0 -1114.0

15%.% | 156.5 | 311. 2.1 .6 [1082.7 7.0 | 765.0 | 1392.0

155.h ] 156.5 | 311.8 | 472.1 | 609.6 |1080.T7 | 627.0 | 765.0 | 1392.0

-39.9 -7.0 | <46.9 |-304.3 | -353.9 | -658.2 | -343.0 [ =360.0 | ~703.0 - I e 30.6 21b 6
“207.7 |-160.8 |~368.5 | ~334.5 | »390.6 | -725.1 |~541.0 | -340.0 |-108).Q

80.0 | 125.0 | 205.0 | k65.0 | 860.0 | 930.0 | 345.0 | 585.0 | 1130.0

TL.2 | 109.5 | 180.7 | 479.1| 576.9 | 956.0 | 550.0 [ 585.0 | 1335.0

-16.0 3.1 | =12.8 [ 91.3 | ~T1.5 | -162.9 [~107.0 | 68,0 | ~173.0 30.6 22a | 1
“96.8 | ~T0.7 {-16T.5 | bh.2 | ~320.5 | ~276.2 | -52.0 |-390.0 |- -4%2.0 110 | everceaan 30.6 228 |2 |
-240.0 |-180.0 |-k15.0 0. |-360.0 | -360.0 |-240.0 |=540.0 | -780.0-

55.8 | 8143 { 137.3 | 926.9 | 269.2 [1216.0 | 98..0 | 370.0 { 1351.0

55.0 | 80.0 | 135.0 | 955.0 | 320.0 {1275.0 |1010.0 | %00.0 | 1510.0

55,0 | -40.0 {~100.0 | 10.0 | -245.0 | «235.0 | ~45.0 | «283.0 | ~330.0 1.01 ] 30.6 22a 3
~200.2 {-182.4 [-382.5 | ~73.h | -328.0 | ~k01.4 |-2T0.0 | ~500.0 | ~782.0

75.0 | 69.9 | 14k.9 | 925.8 | 364.7 |[1290.5 |1000.0 § 433.0 | 1433.0

70.0 | 60.0 | 135.0 | 930.0| 360.0 |1310.0 |1000.0 .0 | 14%0.0

“T7.7 | 68.5 |-1k6.0 | -144.6 51.8 | -92.0 [-221.0 | -17.0 | -236.0 <Th ———————— 30.6 228 %
~200.0 {-195.0 |-395.0 | -225.0 | -10.0 | -235.0 |-425.0 | -205.0 -égg.o

20.0 | 20.0 | "ho.0| 585.0{ 715.0 {1300.0 | 605.0 | 735.0 | 13%0.0

36.7 | 24.8] 61.0 607.5] T1S.h {1322.0 | 643.0 | T739.0 | 138e.0

-50.0 | -35.0 | 90.0 | -150.0| 20.0 |=-17Q.0 |-200.0 | "<15.0 | -215.0 W96 | mmeeeenea 30.6 28 |5
225,0 |-180.0 [-805.0 {=235.0] =75.0 | =310.0 {-460.0 | =255.0 | -715.0

100.0 | 80.0 | 180.0 [ 680.0| 5.0 {1575.0 | 780.0 | 975.0 | 1753.0

100.0 | 80.0 | 180.0 | 680.0| 895.0 |1575.0 | 780.0 | 975.0 | 1755.0

~31.8 | -21.0 | -52.0 | -264.9 | -285.4 | -550.0 |295.0 | -306.0 -601.0_ 30.6 e 22¢ 1
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TABLE II.- MAREUVERING-FLIGHT !EASURWH‘S - Continued

Flight | [Time [Altitude Vo |Dc.g.| Bt ) F 1 ¢ 4 B
tgtiRa O () | © | mmw)| (o) | (e) |(@58)|(1D) |(radtans/eec)|(ase)| (aee)| CL
22¢ | 2 {<0.20] T000 oft 201 |1.21 |1.15/-0.7 |-10.0f O -1.9 | -2.8 |0.17k
.10 291 {1.38 | 1.20|~3.3 |-43.5 085 “1.1
.80 287 | 4.84 [5.26 .7 | 10.0 195 3.3
-8 287 |b.8% | 5.26] .7 | 10.0 195 3.3
i o0 | 3 .70! 8100 off 290 [2.18 [1.15] -.6 | 8.0 .005 -1.% {-1.5 | .188
W95 - 290 |1.29 |1.19(-3.9 |=k5.0 .080 -6
1.60 290 |4.73 | 5.16| 1.0 | 28.0 «220 3.3
1.55 290 |4.65 [ 5.26 2 | 20.0 275 3.6
| oo | & | 1.000 8000 | ore | 283 {1.13 |1.05| -.T | -3.5 005 2.1 ]5.810 a8
: 1.30 o84 [1.13 | .90{-2.3 |-3L.5 .085 -9
2.10 o8 4,04 [L.36]-1.0 | 6.0 «220 3.4
2.10 28 14,04 |h.36]-1.0 | =6.0{ - .220 3.4
poc | 5 | 20| 8000 | orr | 289 |1.08 |1.12| -.b | -k.9 005  |-1.3 | k.0 | a7b
.10 289 [1.33 |1.06{-2.6 |~33.5 080 -.9
1.05 284 {h.64 | 4,98]-1.0 1.0 275 k.2
1.05 284 |4.64 | 4,98/-1.0 1.0 275 4,2
23a | 3 | 1.30] 6000 .00197] 373 |1.22 |1.12{-1.1 | -7.0 -.010 -2.3 31 .095
1.50 373 |1.53 {1.21}-1.7 }=26.9 .090 -2.1
2.65 395 |5.70 |{6.01] O 18.5 «250 8
2.60 396 |5.70 {5.91] 0 11.1 «255 9
"23a | 4 | 3.20{ 6000 orr | 38 [1.18 |1.00{ O -4.8 .002 -1.8 | -.6 | .108
3.50 379 |1.77 |1.38{-1.2 |-26.0 .097 -1.4
4,60 376 15.90 {6.08{ O 8.8| mmmmemconnenn 1.7
4.60 376 |5.90 | 6.08| O 8.8| memmcmcmnnan= 1.7
oha | 1 | 3.25| 5000 .00202{ 384 [1.08 {L.11| =---| -2.0 0 <1.3 | 1.8 | .099
3.60 384 {1.56 [1.38] ----| -8.0 .050 -1.1
5.15 384 |5.78 { 5.7 ==--}-13.7 195 2.3
5.10 384 [5.58 | 5.85 ~===| =k.5 220 2.3
2hb | 1 | 2.30] 8400 .00436| 26l {1.11 {1.00| =& | =8.5 0 2.2 -{ 1.5 | 221
2.60 263 [1.35 | .90] 4.8 [-49.0]| »100 -1.5
3.30 260 |5.75 | k.51 O -10.0 «355 4.3
3430 260 |5.75 | k.51 O |~10.0 «355 4.3
ob| 2 | 2.70] 8000 | .00354| 289 |1.15 | 1.15| =.67| 3.5 0 2.2 | 1.2 | 18
3.10 289 [ 1.37 ['1:15] =2.0--{=30.7T| - 2040 ... |-1.8
| 4,00 283 |6.09 | 6.2k 0 -{ 12.9 .340 4.3
k.00 . | 28316:09 | 6.24) © 12.9 +340 k.3
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TABLE II.-MAKEUVERING-FLIGHT MEASUREMENTS - Concluded

27

Tail loeds

(1)

Elevator

Stabilizer

Total

Left

Total

Iaft

Right

Total

Joft

Right

(dog/mec)

Ge8e
(percent M.A.C.)

Flighy

1"0.3
150.3

~55.0
53.5

1.5

=55.0
2T7.9
139.2
139.2

=567
-193.1
82

=55.0
-149.0
190.0
110.0

0.0
-110.1
179.7
179.7

15.0
-11.3
140.0
121k

-40.0
-241.2
146.7
146.7

“5.b
-129.5
197.5

18.4

«128.7
-435.9
263.3
263.3

-114.9
-410.0
303.2
300.0

-125.0
-363.4

"58.8
58.8

-120.6
<3545
135.0
135.0

-185.0
-379.0

163.0

197.5

~117.6
~109.0
87.8
&7.8

“157.5
-190.0]

870.0

-369.0
-12.2
297.8
297.8

=355.0
-351.8
435.0
435.0

~4ih.0
-373.0

768.0

-405.0
-407.9
65T.1
657.1

-455.0
-L87.7
470.0
485.6

-140.0
-180.2
974.3
974.3

-19k.2

61-199.6

1076.3

1076.3

456.4
-393.8
364.7
364.7

-393.8
-420.0
392.8
410.0

-125.3
-164.0
595.6
595.6

-178.0
-168.3
720.0
720.0

-89k .0
-82h.0
8.0
113.0

=655 .0
-598.9
3&.1
3684,

-545.0
576.2
360.0
38

-320.0
-355.0
637.7
637.7

-371.2
ok,
696.0
696.0

57440
-502.8
122.5
1222.5)

5514
-610.0
1213.9
1285.0

494 .2
57622
893.4

893.4

-=533.0
-520.1
1145.0
1145.0

-1338.0
+1202.0

éa.0

1060 .0
1006 . T
iok.2
10h1.2

-1025.0
~1063.9
- 830.0

869.T

-480.0
-535.2
1612.0
1612.0

5654
623.7
1772.3

-202.0
-358.0
981.0
981.0

-241.0
~545.0

958.0
1010.0

=450.0
-613.0
309.0
309.0

-,Mbo
=573.0
490

490.0

78,0
-603.0
890.0
&1.0

-465.0
=515+0
T97.0
T97.0

=~510.0
=540.0

5“6;0

«150.0
~451.0
1113.0
113.0

~250.0
~392.0
1258.0

1772.3

1258.0

-’i” 0
-579.0

502.0.

502.0

~424.0
580.0
557.0
570.0

«168.0
-325.0
632.0
632.0

~207.0
-336.0
800.0
800.0

-949.0
-973.0
270.0
223.0

-675.0
-708.0

563.0

563.0

-530.0
-587.0
500.0
505.0

-360.0
<596.0
783.0
783.0

-376.0
-553.0
893.0
893.0

-701.0
=937.0
1483.0
1483.0

=655 .0}
=1025 .0}
1515.0
1580.0

-620.0
-938.0

942.0

~653.0
-909.0
1290.0
1290.0

-1523.0
=1576 .0
1160.0
10h% .0

=1140.0
~128%4 .0
1360.0
1360.0

-1050.0
1127 .0
1040.0
1051.0

-510.0
-1047.0
1696.0
1896.0

~626.0
~945.0
2151.0

2151.0

.28

.28

1.08

meecasans

30.6

30.6,

30.6

30.6

30.6

30.6

30.6

30.6

22¢

23

23a

2ha

2kv

2kd

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Note:

Broken lhnes indicale Fhat orifices are
located on only one side of tail surface
— — Upper surfoce

—————— Lower surfoce

An

Llevator hinge ling

NATldNAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 2.~ Orifice locations on horizontal tail of test airplane.
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Figure 4.- Time variation of pertinent quantities measured during a
' typical pull-up of the test airplane with center of gravity at 30.6
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altitude, 6000 feet; manifold pressure, 36.0 inches Hg; flight 23a,
run 3. o
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(¢) Time,

ure 15.- Isometric views of differential pressure distribution over

the horizontal tail surface of the test airplane for flight 16a, run 3.
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Figure 16.- Isometric views of differential pressure distribution
over the horizontal tail surface of the test airplane for flight 21b,
run 2.
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