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FLICHT CHARACTERISTICS AT TRANSONIC SPEZDS

I - P-80A ATRPTANE INVESTIGATTON
By He. HEo Brown

Ames Aeronsutlcal Leboratory

Extensive flight tests have been conducted at the Ames Laboratory
on the P-80A airplane well vp into the transonic range.

Previous to the flight tests, e %‘-scale nodel of the airplane

wes thoroughly tested in ‘the Aines 16-foot high-speed tunnol up to

e Mach number of 0.85. Analyses of these test results indicated that
the airplane should possess satisfectory stapility and control
characteristics up to the maximwa Mach nmumber tésted. The basis Tor
this opinion is the results shown in the first two figures.

Figure 1 presents the elevator engle for trim in level flight
at 20,000 fect as a function of Mach number. The solid curve shows
the results based on the wind-tunnel tests. For pwrposes of comparison
the flight tost results are shown by the dashed cuxrve. The tucking-
under tendency as indicated by the increase in ip-elevator angle
required above a Mach number of 0.70 was not considered serious since
the pllot would presumably have ample warninr. The change with Mach
number of the tucking under was 1ese severs in flicht then indicated
from the wind-tunnel tests. :

Similarly in figure 2 is shown the variation of required elevator
angle with acceleration factor for Mech numbers of 0.80, 0.325,
and 0.85. The solld curves are based on the w:!.ncl-tunnel results and
the deshed cwives on flight tests. There was nothing shown here
vhich would predict a pitch-up. : .

In splte of the recassuring nature of the wind-tumel results and
the careful memner In vhich the flight tests were conducted, a -
cendltion was encountered dwxring a dive at a Mach number of about 0.85
which produced & violent and inadvertent stall. This particular
featurs of this airplané remains one of the major factors which 1imit
opsration of the alrplene to still higher Mach mumbers.

Figure 3 shows a time history of some of the guantities evaluated
during this dive. The 1lift coefficient roughly follows the elevator
motion up to about 13.25 seconds. At this point the lift coefficient
rapidly begen to increase with anly a small change in elevator angle
and no change in stick force.

.
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Reexamination of the wind-tummel date failed to indicate the
ceuse of the pitch-up for two rcasons:

(1) The strength of the model limited the Cy .to a volue
. of 0,40 at a Mach number of 0.35, which was a lower
value .than the value encountered during the
pitch-up. ’

(2) Tunnel conditions at the lerger lift coefficients end
highest Mach mumbers were close to choking.

- Combining the data obtained durinz the dive with the wind-tunnel
"~ results did afford a partial solution to the problem. The fuselage
~due tq its Lish critical Mach number was eliminated as a cause of

the pitch~up. The wing pressute distridbutions made during the dive

~ also enabled the pitching-moment coefficient of the wing to be
eliminated as a cause. The spanwise loadings derlved from the
Pressurc measurements showed only a minor &ifforence compared to the
lower Mach number results and therefors downwesh changes were ruled
out. Lastly, the effects dve to the shift in ths angle for zero 1lift
of the wing were obtained from the wind-tunnel Qata.

In figuras b the total out-of-trim pitchins-momont coefficient
of the airplene during the pitch-vp is shown with Cy as the abscissa.

. Also shown is the out-of -trim pitching-moment cocfficient furnished
by the negative shift in the angle for zero lift as the airplane
decelerated. The difference between these two curves represents the
destabilizing influence that must be attributed to something other
than the wing and fuselage.

‘In order to determine whether the flow conditlons at the tail
or whether the tail characteristics were responsible, the isclated
horizontal tail was tested in the Ames 16-foot high-speed tunnel at
the Mach numbers and. over the angle of aettack and clevator angle
renge reached.during the dive. _

The results showed larre chan~es in effectiveness of the tail,
~ especlally at the high elevator deflections encountered in the dive.
' THiS change In effectiveness, plus the immersion of the teil in the
wake at higher 1ift coefficients, which tends to accentuate its effect,
accounts for the unsteble action of the airplane in the »ull-up.

On the left side of figure 5 the variation of tail pitching
mement has boen plotted against the Mach number determined from the
isolated. tail tests. The elevator deflection, which was used in the
dive, is 12°, and the tall anzles of attack were those which would be
encountered bJ the tail in the nrocess of the »itch-up.
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If it were presumed that the pull-up were made at a congtant
Mech number of 0.87 and thet the tail operatecd at fres-stream Mach -
number, & crossplot along the verticel line at a Mach number of 0.87
would give the tail contribution to the pltching moment of the
elrplane. The result is shown by the solid line on the right side
of figure 5 with the Cy of the airplane &s ths a‘bscissa. It can

be seen that the taill. contri'bu‘bion is stabilizing.

An estima-bion 'bas~c1 on wind-tumel resulits of the wake location
shown in fifure 6 shows, however, that the tail was in all probabllity
passing into the vake as Cy increased. :

In the upper part of fimme 6, sketch A represents conditions at
a low 1ift coofficient (about 0.10) and the tail is practically out
of the wake. Sketch B shows conditions at a 1lift coefficient of
about 0.50, and slketch C shows conditions at a 1lift coefficient

of 0.80 vhen the tail was well into the wake. The lower part of
figure 6 shovs the values of qgp/q "end decrement in Mach mumber at

.. the tail corresponding to the upper sketches. Thus as the airplane
1ift coefficlent changed from 0.5 to 0.8 at a constent free-stream
Mach number, the tall Mach number decreeszd by n~bout 0.08. -

T Figure 5 shows the effect o:f' this Mach numbor decrease on the
tail contribution to the airplane pitching moment .

. In ‘this case as the normal-force coefficient Cy at a consta.ﬁt

Mach number is Increassd at a constant Mach nvmber the values shown
by the dashed ‘curve are produced taking into account the decrease in
Mach mumber at the teil. This results in a. tail contribution to the
airplene pitching moment which is neutral or destabilizing above a .
11t coefficient of 0.7,

Adding this type of tail pitching-moment contribution to the
change in trim which occurred due to the decreasing Mach mumber
during the dive means an aprarent insta'bility of the entire airplene
above a 1ift coefficient of 0.5.

: . It 18 to be emphasized that this instabllity did not exist at
all other elovator deflections. For examnla, figure T shows the
results of a similar analysis for an elevator angls of 4.LO, which
wes required for trim in level flight at a Mach number of 0.87. In
this case the influence of the wake is considerably less imnortant
and the tail contribution is stabilizing throvghout the angle-of-attack
range. Thils accounts for the normal variation of elsvator angle
against Mach number and elsvator angle against acceleration of
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gravity g over the limited range for vhich it was possible to derlve
these results from the wind~tunnel tests of the complete model.

Since the airplane is 1matable et high Mach numbers,it becomes
of interest to determine what rates of elevator response are required
of the pilot to forestall such a pitch-up as 4id occur. By using the
conditions at the start of the pitch-up, the changs in the normal
acceleration factor with time was determined w*th various rates of
elevator motion using a step-by~step solution of the equations of
motions. Tho results are shown in figure 8, With no time delay in
the pilot resnonse a rate of elavator motion of 2° per second
wvas sufficlent to prevent the acceleration building vp to a stall.
With a querter-second time delay, which is about the best response
which can be sxpected from a pilot, a rate of elevator motion of
almost 4° per second was needed to prevent a stall. For time delays
much longer than a querter of & second, the required rates became
unreasonebly lsrge. Actuelly & pilot responds to & change in
acceleration and since the yitch—up motion at first produced only a
small acceleration chenge, the pilot's response time was quite long.
As a result, it is improbable that a nilot will be able to prevent such
a stall.

. The fact that alrplanes with higher critical Mcch mumbers have
exceeded Mach numbers of 0.85 or 0.86 without similer stability and
control troubles may merely indicate postponement of this danger to
a higher Mach number. The necessity for testinz in the transonic
wind- tunnels to higher 1ift coefficients and larser elevator deflections
is apparent. If this 1s not possible because of the limitation of
the modsl or wind tumnel, then recourse can be made to a study based
on isqlated tail teste and wake profiles gimilar to that done in
this case. . ..
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Figure 2.~ Variation of required elevator angle with acceleration
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FLIGHT CHARACTERISTICS AT TRANSONIC SFEEDS
IT - RESFARCH AIRPLANES
By Walter C. Willlams

Langley Memor;a;_Agronautical Laboratory
- INTRODUCTION

The Air Forces, the Navy, and the NACA have been engaged in a
cooperative program for the .development and procurement of a saries
of research airplanes which would have potential characteristics
necegsary for level flight in the transonic— and supersonic—speed
zones. This program was undertaken in anticipation of the increased
importance of flight research in the transonic—speed range where the
aerodynamic characteristics of airplanes were kncwn to show large
and sudden changes. The range of airplane configurations flying or
under construction include straight~wing types with conventiocnal
airfoil sections, straight-wing types with a supersonic airfoil .
section, sweptback-wing types, and tailless sweptback-wing types.
The manufacturers involved are Bell Aircraft Corp., Douglas Air- .
eraft Co., and Northrup Aireraft Corp. Two types of these airplanes
are flying: the Douglas D-558 Phase I airplane procured by the
Navy; and the Bell XS—1 procured by the Air Forces, The airplanes
represent the first phase of the program and are being used to .
explore the limits to which an airplane of relatively ccaventional
design can be flown.

The Navy procured fram the Douglas Aircraft Co. the D-558 Phase I
airplane. This airplane has a l0-percent-thick straight wing with
an aspect ratio of 4 and an8-percent-thick horizontal tail. The
power plant is a TG-180 turbojet engine. The Douglas Aircraft Co.
recently turned cne of these airplanes over to the NACA at Muroc,
Calif. The installation of NACA recording instrumentation has been
completed and flight tests of this airplane are expected to begin
this week. This airplane will be used for the measuremant of sta-
bility and control characteristics and over-all aercdynamic loads.
by use of strain gages throughout the allowable speed rangé of the
airplane. It is expected that a second D-558 Phase I airplane will
be delivered to the NACA within the next several weeks and this air—
- plane will be used for detalled measurements of the pressure dis~
tribution on the wing and on the horizontal tail.

The Bell XS-1 airplane was procured by the Air Forces. This
airplane has a straight wing with an aspect ratioc of 6 and is powered
by an RM-1 liquid oxygen-alcohol rocket engine. Two of these air-
planes have been completed. One airplane has a lO-percent—thick wing
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and an 8-percent—thick horizontal tail; whereas, the other airplane
has an 8-gercent-thick wing ‘and ‘a 6~percert—thick tail,

The acceptance teste on the XS-1 airplane ccnducted by the
Bell Aircraft Corp. have been campleted. During these tests
NACA instruments were installed to measure stability and control
characteristics and aerodynamic loads up to a Mach number of 0.8
which was the contractural limit of the tests. These tests showed
that the airplane had good handling gualitles with no unusual char—
acteristics.

- Upon ¢oampletion of the acceptance tests, one YS-) airplane
{with a lO-percent—thick wing and an 8-percent~thick horizontal taill)
wag assigned to the NACA for.a systematic step~-by—step 'investigation
of flight to exploit the full ‘capabilities. of tie type in the
‘trengonic—speed range. The samé instrumentation used in the accept—
ance tests will be used in the early phase of these tests. Later

~ tests wlll include detail pressure-distribution measurements. These
tests are just getting under way having Yeen delajed oy mechanical
difficulties. The other XS~1 airplane (with an 3~jercent-tiick’ wing
and a 6~percent—thick horizontal tall) was taken® cver by the Flight
Test Division at Wright Field for use.in an accelsrated transcnic—
flight program. These tests would differ from NACA tests in that
no detailed investigations would.be made, and ds large an increase
'in Mach number as ccmpatible with safety would be made' in each fl*ght.
If necessary, flight would be made &t extreme altitudes (50,000 to
60,000 ft). This is a cooperative.program between ‘the Wright Field
Flight Test Division and the NACA. NACA instrumentation is used on
all flights, data reductlon eand analysis are performed by

~NACA personnel, and the flying 1s done by a Wright Field Flight Test
~Division pilot. The instrument installation, however, 1s not as
camprehensive as in the NACA XS-1. Telemetering and recording . .
instruments are used to measure airspeed altitude, elevator, right
eaileron and stabilizer position, normal, transverse, and longitudinal
acceleration, shear and bending moment on the right horizental tail,
and bending mament on the right wing. These tests have been in
progress several months and the data presented herein are results
obtained in the accelerated transonilc program up to a Mach number
of 0. 92 ’

IR T R

TESTS, RESULTS, AND DISCUSSION

- A preliminary airspeed calibration was made duvring the accept—
ance tests. These results showed the static—pressure error to be of
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the order of 1/2 perdent up to a Mach number of 0.8, As the flights

. of the airplane progressed to higher speeds, calibration of the
- gtatic-pressurse error of the alrspeed head was made. The calibra-
tion was made using radar to obtain true altitude. The results of
the calibration up to a Mach number of 0.92 are given in figure 1
where the error is expressed as the retio of error in Mach number
to corrected Mach number and is plotted as & function of corrected
Mach number. Figure 1 shows that below & Mach number of 0.33 the
airspeed head is indicating static pressure lower than true static
pressure; whereas above a Mach number of 0,83, an increasing errcr
in static pressure above true static is indicated. It is belleved
that this variation in static-pressure error above & Mach number M
of 0.8 is caused by the formation of a shock on the airspeed head
itself and the shock is moving back on the head towards the static
holes. No correction was applied to the total-head measurement since
the total-head measurement 1s not expected to be affected by shock-
wave formation until a free—stream Mach mumber of at least unity is
reached. The airspeed head used in this case is & Kollsman Type D-1
high-speed head mounted on a boom lpchord length ahead of the left
wing tip. _

- Most transonic flight tests have been limited by the changes
in longitudinal stability and trim, and these data have bheen of
primary concern in the XS—1 tests. The results obtained are pre—
gented in figure 2 where elevator position and force are plotted as
functions of Mach number for two stabilizer positions. The elevator
positions shown here are measured relative to the stabilizer, and
the stabilizer positions are relative to the fuselage reference line.
With the stabilizer set at an angle of incldence i, of 1. 0°, the
pilot stopped at a Mach number of about 0.38 because of the large
trim forces required and the forward position of the stick. A nose—
down trim change is indicated at the highest Mach number. With the
stabilizer set at an angle of incidence of 2. 2° the pilot continued
flight up to a Mach number of 0.92. In going to this speed, three
trim changes were encountered. The first, which began at a Mach
aumber of about 0.8 was in the nose-down dirsction which the pilot
corrected with up elevator. Above a Mach number of about 0.87, the
nose~down trim condition is alleviated and the alrplane tends to
pitch upward, and then,the pilot corrected with down elevator; = -
" at the highliest Mach number the airplane 'is again showing a tendency
toward nose-down trim position. Most tests have terminated somewhere
in the region of the first trim change because with conventional
fighters the control forces involved are large. In the present case
the range of forces lw the trim changes 1= of the order of 10 pounds,
The changes in elevator angle for trim were also not large (of the
order of 4°). Because of the small control forces and motions, the
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pilot d4ld not object to the unuSual trim changes. The forces are .

low 1f this cade because the, teste were ‘tun at & 'mederately High
altitude (about 30,000 £t} ahd becaiiss’ "the elevators are very small.
With a larger alrplane or at a lower altitude these control charac—
teristics would probably be objectionable. Data frow the Langley 8-foot
high-speéd~tunnel tests and frém ving-flow tests of XS-1 models. are

in general qualitative agreement with fligat data, ) i

‘From the elevator positions required for trim with two sfabilizer
positions, -a measure of the relative ‘effectiveness .of the elevator
was obtained. These data are eho&n'in'figuze 3. where the ratio of
the change in Btabilizer lncldence Axy /DS, . to change in elevator
position 1s plotted as a finction of Mach nnmber M. Between a. Mach
number of 0.72 and 0.87 the relative elevator effectiveness is C-
reduced by more than 50 percent A

, This reduction in elevator ePfectiveness in the speed range
tested affects the magnitude of the trin changes as noted by the
pilot, but in figure L4, where the pitching-mcment coefficlent of- the
wing-fuselage ooﬁBinétion is plotted as a function of Mach number,.
it can be deen that the trim changes are being caused by changes on .
the wing. ‘These data were obtained by using measured values of C e
horizontal tail loads. Very little data have been obtained to show .
the longitudinal stability in accelerated flight but it is indicated
that the stability as evidenced by the pilot, that is the elevator’
motion required to produce a given acceleration, 1s greatly incréased .
above a Mach number of 0.85. Scme of thls increase in the elevator
angle per 1lift coefficient . CL 1s caused by the decrease in elevator .
effectivenese, but the data though meager, indicate that the airplane<
is becaming more stable. These characteristics will be investigated
in detail during the NACA tests of the XS-1, o

Difficulties have been experienced 'in recent tests at transonic o
speeds with one-dimensional flutter or buzz. There has been no evi—"
dence of buzz in the data of the XS-1 tests. One probablé contri~
buting factor to the absence of this oscillation in addition to the . ~ -
~thin wing section is the large amount of friction in the aileron
control system.” The friction in the ailerons is of the order of
20 foot—pounds. The asrcdynamic hingeemoment coefficient for the
dynamic preéssure’.q corresponding to a Mach number of 0.85 at
30,000 feet and neglecting the effects of Mach number on the hinge—
mament coefficient is of the order of 6.9 foot-pounds per degree.
Hydraullc dampers are installed. but have not been used., There has
been no evidence of abrupt changes in the floating tendencies of the
~ ailerons. The pilot did report a right wing heaviness which he
noticed at 2 Mach number of about 0,88 and which continued up to @
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Mach number.of 0.92. Figure 5 shows that tha right aileron angle
for trim increased in the . downward direction with increasing Mach
number. . e L.

"An unusual unclamped lateral oscillation has occurred in scme
flights. Because of the usual stability boundaries it would ‘e
expected that the airplane would be stable because the directional
stability is very high and the lateral stability is moderate. The
oscillations have occurred in steady gliding flights and in tuims
from a Mach mmber of 0.7 to a Mach number of 0.85. It was thought
that these oscillations were possibly caused by fuel sloshing. A .
series of tests waa made therefore with varying emounts of fuel on
board. These tests shaowed that the fuel bad little effect on the
damping of the short period oscillation.

Another difficulty which has limited the Mach number at which
airplanes are flown has been buffeting. The buffet boundary and the
limit 1ift for the XS-1 are shown in figure 6 as a function of Mach
number., These data were obtalned in level flight or in gradual turms
with the stabilizer set at an incidence angle of 2.2°. Limit 1ift
has been determined fram measurements where lift ceased to increase
although increasing up elevator was being applied. Although buffeting
has been experienced in level flight, it has not been disconcerting
to the pilot because the buffeting is not severs. The meximum
buffeting tdil loads were obtained at limit 1ift from a Mach number
of 0.76 to a Mach number of 0.80 and were of the order of 400 pounds.
At Mach numbers above 0.80 the buffeting tail loads decreased, and
up to a Mach number of 0.52 the buffeting tail loads were less than
*250 pounds.

CONCLUSTIONS

The data obtained for the XS-l airplane show that most of the
difficulties expected in the tramscnic range have been experienced,
and although conditions are not normal, the airplans can be flown
satisfactarily at least to a Mach number of 0.92. The following
results have been noted in detail:

L 1. The airplane has sexperienced longitudinal trim changes in
the speed range from a Mach number of 0.8 to a Mach mumber of 0.52,

but the control forces associated with these trim changes have been

small. The pilot has been able, therefore, to control the airplane,

2. The elevator effectiveness has decreased by more than
50 percent in going from a Mach number of 0.7 to a Mach number of 0.87.

*
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This loss in elsvator effectiveness has affected the magnitude of
the trim changes, but the actual trim changes have been caused by
changes in the wing-fuselage mament. -

3. No aileron buzz or asgociated phencmena has been experienced
up tc a Mach number of 0.92.  The airplane becomes right wing neavy
but can be trimmed with aileron. .

b, Buffeting has been experienced in level flight but has dbeen
very mild up to a Mach number of 0.92. The tail loads assoclated
with the buffeting have been_small.
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