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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Materiel Command, U.S. Army Air Forces
FLIGHT MEASUREMENTS OF HORIZONTAL TAIL LOADS ON A
TYPICAL PROPELLER-DRIVEN PURSUIT ATKPLANE
DURING STALLED PULI-OUTS AT HIGH SPEED

By Lawrence A. Clousing and William N. Turner

SUMMARY

Flight measurements were made of the pressures on the horizontal
tail surfaces of a typical propeller—driven pursuit airplane during
stalled pull-outs at high Mach number. The results indicated that
the load distribution during the pull-outs was considerably different
from that prescribed by air-load requirements at the time the air-
plane was designed, and that large tail-load increments were caused
by buffeting air flow over the tail as the wing started to stall.

Data are included which were taken in a pull-out made without
exceeding the design maneuvering limits of the airplane, but in which,
due to compressibility and buffeting effects not considered in design
criteria, a relatively severe failure of the horizontal-tail structure
occurred.

INTRODUCTION

While it is known that the magnitude and distribution of the air
load experienced by an airplane operating at high Mach numbers vary
considerably from that predicted by the extrapolation of data
obtained at low speeds, a complete understanding of the subject is
handicapped by a lack of experimental data. To afford a better
understanding of the phenomenon, the Ames Aeronautical Laboratory
is conducting an extensive investigation of the magnitude and distri-
bution of the air loads acting on the lifting surfaces of a high-—
speed fighter—type airplane.

The specific investigation reported herein provides information
on the air loads imposed on the horizontal tail surfaces of a typical




propeller—driven pursuit airplane during several dive pull—outs

made within the design maneuvering limits of the airplane and in
which the airplane was stalled at relatively high Mach numbers,

to various degrees of buffeting intensity. This investigation forms
a part of the extensive investigation mentioned above.

DESCRIPTION OF THE TEST AIRPLANE

The airplane used in the tests is a single-place, low-wing,
cantilever monoplane. It is powered by a 1200-brake horsepower
(take—off rating) V-1710-85 liquid-cooled engine. Figure 1 is a
photograph of the airplane as instrumented for the flight tests.
Figure 2 is a general arrangement drawing of the airplane. General
specifications of the airplane are as follows:

Airplane, general
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The horizontal tail is of conventional construction, with metal-
covered aluminum-alloy stabilizer and fabric—covered aluminum-alloy
elevator. An insert trim tab is fitted at the inboard trailing edge
of the left elevator. The horizontal tail surfaces on this airplane
had been reinforced for the tests. The principal features of this
reinforcing consisted of riveting a 42-13/16— by 0.057—inch 2u4ST
Alclad aluminum-alloy reinforcing plate centrally to the rear face
of the stabilizer rear beam (lightening holes same place and size as
in rear beam), and of removing and replacing the rivets in the
fittings supporting the outer elevator hinge brackets with AN3-6A bolts.

Extre ribs were put in the elevators to permit rigid installation
of pressure measuring orifices at the desired stations. These ribs
were of 0.032 SO aluminum, 2 inches wide, with a 1/4—inch flange
bent at right angles to each side.

INSTRUMENTATION

Standard NACA instruments were used to record photographically,
as a function of time, quantities from which the following variables
could be obtained: indicated airspeced; pressure altitude; normal
acceleration; engine manifold pressurc; engine rpm; approximate angle
of attack of the thrust line; landing--gear position; aileron, elevator,




and rudder position; aileron and elevator forces, rolling, yawing,
and pitching velocity; and resultant pressure distribution over
portions of the left and right horizontal tail surfaces.

Free—air temperature was determined from an indicator connected
to a resistance bulb protruding below the right wing panel. The
installation was calibrated for error due to the temperature rise
caused by compression of the air at the resistance bulb. The tempera—
ture readings were taken in slow ascending or descending flight to
minimize lag errvors of the instrument.

A free-—swiveling airspeed head was mounted on the end of a boom
extending about 4 feet ahead of the leading edge of the right wing
and located at a spanwise station about 7 feet inboard of the wing
tip. The airspeed head consisted of two separate static—pressure
tubes (for separate connections to the airspeed recorder and altitude
recorder) with a single total-pressure tube located between them. The
airspsed -and altitude recorders were mounted in the right wing at
the base of the boom, thus minimizing lag errors due to pressure
change in the tubes under conditions of rapidly changing altituds.
The recording and service static heads were calibrated for position
error by comparing the readings of the respective altimeters with
the known pressure altitude, as the airplane was flown at several
spseds past a reference height. It was assumed that the total
pressure was measured correctly. Indicated airspeed, as used in this
report, was computed according to the formula by which standard
airspeed meters are graduated. (Gives true airspeed at standard
sea—level conditions.) The formula may be written as follows:

T 1
vy =1703 | (\.I.{_:_L? 3 1>°° 2RE 17;2

Po o

where

vy correct indicated airspeed, miles per hour

H free—stream total pressure
P free—stream static pressure
Po Standard atmospheric pressure at ssa level




The horizontal tail surfaces of the test airplane were equipped
with pressure orifices, on both the top and bottom surfaces, at the
stations indicated by figurs 3. The top and bottom orifices at each
station were interconnected in such a manner that the resultant
pressure at the station was recorded rather than individual pressures
at the top and bottom orifices. As the tests reported herein were
incidental to other tests being conducted concurrently with the air—
plane, only those orifices at the stations indicated by a cross on
figure 3 were connected to the recording manometer during these tests.
The recording manometer; a multiple--cell pressure recorder, was
mounted in the rear section of the pilot's canopy and was connected
to the pressure orifices in the stabilizer and to tubes leading from
the elevator by 0.15-inch-inside—diameter aluminum tubing and short
lengths of 0.l7—inch—inside-diameter rubber tubing. Because of lack
of space, 0.09-inch-inside--diameter rubber tubing was used inside the
elevator. The pressure lag characteristics of the pressure recording
installation were measured in tests on the ground, and the test results
indicated that the pressure lag in the system was small.

The angle of attack of the thrust line was measured by a vane
mounted on the forward end of a boom which was located at a spanwise
station 7 feet inboard from the left wing tip and which extended
4 foet ahsad of the wing leading edge. The angle of attack as
measured by this vane, and as presented in this report, has not been
corrected for position error.

TEST DATA AND ANALYSIS

The data for four power—off dive pull-outs made in the 20,000-
to 25,000-foot altitude range are shown in figures 4 to 15. Each
pull—out is presented in three basic figures. The first figure
for each dive pull—out is a time history of the data measured
in the run in which part (a) presents general variables, part
(b) presents tail pressures, and part (c) presents photographic
prints of some of the records showing the relative amount of airplane
and control-surface buffeting during the run. (The sharp lines
appearing on some of the prints in the buffeting region were scratched
on the film manually in order to allow easier reading of the records.)
The second figure for each dive pull—out, which is divided into
parts (a), (b), etc., presents several representative plots of the
chordwise load distribution on the tail at various times during the
mansuver. The section lift coefficients shown on this figure are all
based on the total length of the local chord (stabilizer plus elevator).
The third figure for each pull-out is a time history of the unit




spanwise loading at the 60—percent-span point, derived from integra-
tion of a number of the curves of the type shown in the second
figure, many of which are not presented in the report. The figures
for each pull-out will be discussed in turn.

In figures 4,5, and 6 it ig seen that the airplane was pulled
in until a mild stall occurred at an airplane 1lift coefficient of
0.68 and a Mach number of 0.68. The maximum acceleration factor
reached was 5.3 at an angle of attack of the thrust line (uncorrected)
of 8.5°. The maximum elevator angle used was T° yp. Buffeting was
present, apparently, as may be seen from figure 4 (b), to a greater
extent on the left tail than on the right. Rapid fluctuations of
pressure, amounting to changes of 200 to 300 pounds per square foot,
occurred at the leading edge of the stabilizer during the stall.

(Any inaccuracy due to lag in the pressure lines will tend to make
the recorded load changss too low.) During the main part of the
pull-out, as may be seen from figure 5, the load was upward on the
stabilizer and downward on the elevator. The maximum recorded
pressures and unit span loads for the pull-—out shown in figures &, 5,
and 6 are listed in the following table:

i 1 Maximum % Maximum
? Tail | recorded | unit
; surface . pressure i span load
| ; (1b/sq £t) | (1b/ft)
' 1 f |
Right stabilizer | 44O up % 205 up
| t
Left stabilizer | 600 up ! 345 up
; .
Right elevator g 150 down % 115 down
| i |
Left elevator E 180 down 1 105 down |

At other spanwise stations, of course, the pressures and loads
would differ somewhat from those given above.

In flgures 1, 8, and 9 it is seen that the airplane was pulled
in until a moderately violent stall occurred at a Mach number of about
0.72. The lift coefficient could not be determined as the accelero—
meter did not function on this flight. The maximum angle of attack




E reached was 14°. The maximum elevetor angle was 10° up. Buffeting
was present again to a greater extent on the left tail than on the
right tail. Rapid fluctuations of pressure of well over 300 pounds
Per square foot occurred at the leading edge of the stabilizer during
the buffeting. The maximum recorded pressures and unit span loads in
this run are listed in the following table:

i Maxinmum Maximum
Tail recorded unit
surface pressure span load
(1v/sq £t) | (1b/ft)
Right stabilizer | U490 up 255 up
l Left stabilizer 520 up 275 up
Right elevator 210 down 140 down
| Left elevator 230 down | 135 down

In figures 10, 11, and 12 it is seen that the airplans was pulled
J in until a violent stall occurred at a lift coefficient of about 0.90
and & Mach number of 0.61. The maximum acceleration factor reached was
about 6.2 at an angle of attack of 17°. The maximum elevator angle
used was 6.5° up. Buffeting was present, again to a greater extent

on the left tail than on the right tail. Rapid fluctuations of
pressure of 200 to 300 pounds per square foot occurred at the leading
edge of the stabilizer during the buffeting. The maximum recorded

{ pressures and unit span loads in this run are listed in the following
table:
|
J Maximum Maximum
Tail recorded unit
surface pressure span load
(1v/sq £t) | (1b/ft)
Right stabilizer | 510 up 295 up
| Left stabilizer | 500 up | 235 up
Right elevatyr 100 down 65 down
; Left elevator 180 down 90 down |




In figures 13, 14, and 15 it is seen that the airplane was

pulled in until a very violent stall occurred at a 1lift coefficient

- @£-1,01 and a Mach number of 0.67. The maximum acceleration factor
reached wes 7.5 at an angle of attack of 19°. The maximm elevator
angle used was i i up. The buffeting was apparently about the saume
on both sides of the tail in this run. Rapid fluctuations of pressure
of 300 to 400 pounde per square foot occurred at the lecding edge of
the stebilizer during the buffeting. The maximum recorded pressures
and unit span loads in this run are listed in the following table:

Maximum ; Maximum
Tail recorded. i unit
surface pressure span load

(1v/sq ft) i (1v/ft)

e ﬁl

Right stabilizer | 460 up l 310 up

e —

i

i

i

|

!

: i |

Left stabilizer 58C up i lili5e !
Gl

|
|
Right elevator 200 down 120 downi

\
5 |
| 115 down :

Left elevator | 220 down
5 e

During this run structural failure of the horizontal tail
ocenrred. Since the airplane was operating within maneuvering limits
which were considered safe by design specifications in use at the
time the airplane was designed, it is of interest to examine the
nature of the tail failure in relation to the loads measured, and
in relation to the necessity for revision of air load requirements
and the manner of specifying safe maneuverability limits to a pilot.

The principal failures were on the left side of the tail,
although failure had also started on the right side. A rear view
of the airplane with undamaged tail is shown in figure 16, and views
of the principal failures are presented in figures 17 to 23. The
left elevator had buckled downward at about the third outboard row of
orifices (figs. 17, 18, and 19), cracking the elevator spar (£ig.20}):
The elevator nose balance had been forced downward severely enough
+to break the elevator nose rib on each side of the tail Jjust ingide
the outboard hinge fitting (figs. 21 and 22). The left stabilizer
rear beam was cracked at the inboard hinge bracket, and the two top
bolts holding the bracket to the stabilizer rear beam had been
sheared completely (fig. 23). Other miscellaneous fallures of
various degrees of severity occurred to both the stabilizer and
elevator structure in the immediate vicinity of all the hinge bracksts.




It is difficult to ascertain at just what time in the pull—out
the structural failure occurred. Its effect was not noticeable
until after steady straight flight had been re—established. Then it
was noticed that the longitudinal balance and stability characteris-
tics of the airplane had altered. Figure 13 shows that a sudden
decrease of elevator control force occurred at 5.3 seconds while the
elevator angle and normal acceleration continued to rise; figure 15
shows a numerical decrease in the elevator load curve at this point
also. Again, at 6.2 seconds, as the acceleration is decreasing,
there is a sudden increase in elevator control force and recorded
elevator angle. It appears, however, that the elevator control at
6.2 seconds may have besn applied Znadvertently as the ailerons were
being deflected to counteract the roll—off occurring during the stall.
The lack of effect of the elevator control on the value of the
acceleration factor of the airplane was probably dus to the stalled
attitude of the wing. The increase of acceleration factor at 7.0
seconds, as the elevator control force and elevator angle were
decreasing, was probably due to the re—establishment of normal flow
over the wing, although the possibility that it was caused by the
buckling of the elevator should not be completely discounted.

Figure 24 shows the loading conditions for which the horizontal
tail surface was designed. Comparison of this figure with the actual
flight measurements (figs. 5, 8, 11, and 14) shows that in many
instances the unit loads actually measured on the stabilizer in
flight were not only considerably in excess of the design unit loads,
but that they occurred in a direction opposite to the design loads.
At the leading edge of the elevator, the design unit loads were not
exceeded in the pull-outs, at least not at the particular spanwise
stations at which measurements were made. However, it was ths
elevator and a fitting supporting the elevator that failed and not
the stabilizer.

Inasmuch as the elevator locads at the time of failure did not
appear to have been in excess of those for which the surface was
designed, the reasons for the failure of the elevator are not
entirely clear. Also, higher elevator down loads had been encountered
on a previous flight (fig. 9) at least at the spanwise location at
which measurements were made.

It is possible that fatigue of the elevator structure msy have
contributed to the failure of the slevator and stabilizer fitting,
inasmuch as many flights had been made during which the airplane
had been flown at high accelerations with severe buffeting. It is
also possible that the dynamic loads caused by buffeting may have
been responsible for the elevator failure. No doubt the buffeting
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loads caused much more severe structural strain than the same loads
would have caused if applied under static conditions. In the last
pull-out, in which the siructural failure occurred (figs. 13, 1k, and
15), the buffeting was more severe than in any previous manenver. In
this pull-out an attempt had been made to insure absolutely that the
maximum accsleration factor possible to attein had been obtained. A
strong pull force was exerted on the stick even after heavy buffeting
had set in. A slightly greater elevator angle was used than in the
previous pull-outs. It should be realized, too, that the loads which
were measured during the buffeting condition may actually have been

somewhat greater than those recorded, due to lag in the pressure lines.

A minor, but perhaps not negligible, additional load which may
have contributed to the failure was that caused by a bar weighing
about 2.4 pounds per foot which extended along the leading edge of
the elevator between the two hinge brackets. This bar was used as a
mass balance for the elevator. The acceleration reached in the last
run increased the effective weight of the bar to about 18 pounds per
foot. Under the @ mamic conditions accompanying heavy buffeting
this weight may have added appreciably to the stresses set up in the
nose structure.

From the nature of the records it is apparent that buffeting
occurred even before the airplane was completely stalled, and that
abrupt and large fluctuations in tail load occurred, with the up-load
peaks considerably higher than the maximum up-load before the buffet—
ing set in. For example, in figure 6, in which complete stall did
not occur, a change in up-load of 42 pounds per foot occurred on
the left tail during an increase in acceleration Pachor off 3.9, and
during the time that no buffeting took place. However, during the
buffeting immediately following, pesk loads greater by 180 pounds
per foot were reached, while the acceleration factor increased
further only 0.7. This effect is probably due to the abrupt decreass
in downwash over the tail as the wing root starts to stall.

It would appear that the results presented herein have
indicated the need for designing the tail structure to withstand
the dynamic loads which may be imposed. This becomes all the more
apparent when the changes in the speed--strength dlagram of an airplane
with changes in Mach number are considered. The effect of Mach
number on the speed—strength diagram for power—off flight, as obtalined
from the tests reported herein and date from other tests,
ig shown in figure 25. It is apparent from this diagram that the
decrease in Cly.x with Mach number has made it possible for buffot-
ing from stall to take place at higher indicated alrspeeds than would
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be expected 1if the decrease In Clp,., with Mach number wers neglacted.
Also, due to Mach number effects, the buffeting probably occurs at a
different angle of attack on the tail at high Mech nuwrbers than at
low Mach numbers. Due to the higher aerodynamic loads created by
buffeting at higher values of dynamic pressure, a critical design
condition now exists at the upper left—hand corner of the speed-
strength diagram at high Mach numbers that perhaps is not critical

in speed-strength diagrams in which the upper left-hand corner is
reached at a relatively low value of Mach number. The speed—strength
diagram in its simple form, which fails to take into account changes
in stall or buffet boundary with Mach number, apparently no longer
completely defines to a pilot the safe operating condition for an
airplane from the structural standpoint.

CONCLUDING REMARKS

With the test airplane operated within maneuvering limits which
were considered safe by design specifications in use at the time the
airplane was designed, units loads were measured on the stabilizer
which were not only considerably in excess of the design unit loads,
but which occurred in a direction opposite to the design loads.

Although there is no evidence that design loads on the elevator
were exceeded in the pull-outs, failure of the elevator and a fitting
supporting the elevator occurred. It appears from data obtained that
the elevator failure was due to a basic cause not considered in design
specifications, namely, the reduction of the lift coefficient for
stall at high values of Mach number, which allowed the airplane to be
subject to severe buffeting without exceeding the design load factor
at speeds higher than those computed on the assumption of a constant
value of the maximum 1lift coefficient. The increased energy in the
higher speed air stream, coupled with the fluctuating downwash from
the stalled wing, may result in loads on the tail surfaces in excess
of the design static loads, and in dynamic stresses which may be
critical, even though the airplane remains within its design speed
and load factor limits.

Revision of the tail-load design requirements and of the manner
of specifying safe maneuverability limits to pilots appears necessary.

Ames Asronautical Laboratory,
National Advisory Committee for Aeronautics,

Moffett Field, Calif.



Figure 1l.- Three-quarter rear view of test ailrplane.
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