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SUMMARY

During flight tests of a jet—propelled airplane, a sudden
pitch—up motion of the airplane occurred in a recovery from a high—
speed dive, although the pilot had not moved the controls so as to
produce this motion, The pitch-up occurred at a Mach number of 0.85
as the Mach number was being decreased from 0.866 and resulted in a
change of lift coefficient from 0.49 to 0.89 in zbout 1 second.

Measurements of the stability and control characteristics of
the airplane and of the wing pressure d4stributlon dur ng the dive
and recovery are presented.

An analysis based on flight and wind—tunnel date indicated the
probable causes of the abrupt pitch—up were an abrupt restoration
of elevator effectiveness and a nose—-up change in balance caused by
a shift in the angle of attack for zero lift both due to the
decreasing Mach number.

INTRODUCTION

During flight tests of a Jet—propelled. airplane conducted for
the purpose of obtaining high—speed aerodynamic characteristics,
several problems of high—dpeed flight were encountered. Scme of the
data obtained and a discussion of the problems encountercd were
presented in reference 1 which dealt with wing—pressure measurements.

On one of the flights the airplane abruptly pitched up to the
stall in about 1 second during a dive recovery.' This abrupt
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pitching—up motion was experienced at a Mach number of 0.85 as the
Mach number of flight was being decreased from a value of 0.866,
although the pilot had not moved the controls significantly. The
airplane had not exhibited this trait in pull-outs up to the stall
at lower Mach numbers.

Because preliminary analysis indicated that the action of the
horizontal tail was responsible for the abrupt pitch~up, tests were
made of a 1/3-scale model of the horizontel tail in the Ames 16-foot
high-speed wind tunnel up to the Mach numbers attained in flight.
Because it appeared that a swept tail would alleviate or eliminate
the pitching-moment effects, wind-tunnel tests were also made of
the tail with the quarter—chord line swept back 56.5°,

This report presents an analysis based on flight and wind-tumnel
test data directed toward the determination of the probable cause of
the abrupt pitch-up. Wing pressure distributions and stability and
control characteristics in the dive are also included.

SYMBOLS
Ax airplane longitudinal acceleration factor (X/W)
A, airplane normal acceleration factor (Z/V)
a horizontal distance from 0.25 M.A.C. to the airplane conter
of gravity, feet
b wing span, fest
B moment of inertia of airplane about its lateral axis,

pound-feet, second squarecd

c section chord, feet
ey wing mean aerodynamic chord, feet
- i l.o
Cn section normal-force coefficient l u/\ (PL—PU)ng{]
LJo

scction pitching-moment coefficient about quarter chord

1,0 ~_
[ f (Py-PL) (& - o.es)d(g—‘)]
0 WAy T

Cx airplane longitudinal-—force cocfficient’ CEn + T
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Po

lift-coefficient of horizontal tail
airplane 1ift coefficient
pitching—moment coefficient about airplane center of gravity

pitching-moment coefficient of fuselage about the airplene
center of gravity

horizontal—tail pitching-moment coefficient about the
airplane center of gravity

pitching-moment coefficient of wing about 0.25 M.A.C.

airplane normal-force coefficient (WAgz/qS)

(Cy in this report is identical to the Cy usually used
in flight-research results)

elevator—control‘force, pounds

acceleration due to gravity, 32.2 feet per second per
second

total pressure, pounds.per séuare foot

pressure altitude, feet

incidence angle of the horizontal tail, degrees
constant

tail length, feet

Mach number, ratio airspeed to speed of sound
pressure coefficient [(p—py)/a]l

pressure coefficient on upper surface

pressure Qoeffic;qnt oﬁ:lowef sﬁrface

static orifice pressﬁre, pqunds per square foot

free—stream static pressure, pounds per squere foot
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standard baromefrio pressuré at sea level, pounds per équare

foot

dynamic pressure (%ovz), pounds per square foot

dynamic pressure at horizontal tail, pounds per squere
foot

wing area, square feet
horizontal tail area, square feet
section airfoll thickness, feet
thrust, pounds

airspeed, feet per second

indicated airspeed, miles per hour

r 8 0.286 )
{vi = 1703] ( 0 1> -:J%q:-
L \.PgL,

1)

downwash velocity aft of the wing center section, feet per
second

airplane gross weight, pounds

chordwise distance Trom leading edge, feet
aerodynamic longitudinal force on airplane, pounds
spanwise distance from plane of symmetry, feet
aerodynamic normal force on airplene, pounds

vertical distance from 0.25 M.A.C. to the airplane center
of gravity, feet

angle of attack of the airplane thrust line, degrees
angle of attack of horizontal tail, degrees
air density, slugs per cubic foot

aileron control-surface deflection, degrees
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0. elevator control-surface deflection, degrees

A angle of sweepback of quarter—chord line, degrees

6 aﬁgle of airplane longitudinal axis with respect to axis
fixed in space, radians

T time, seconds

€ downwash angle, degrees

d9/dr  pitching angular velocity, radians per second

d26/dT2 pitching angulor acceleration, radians per second per
second

DESCRIPTION OF THE AIRPLANE

The airplane used in the tests is shown in figures 1 and 2.
Figure 3 is a three—view drawing of the airplene showing the wing
stations at which pressure measurements were taken. Dimensions of
the airplane wing and the horizontal tail are listed in table I.
Table II contains thc ordinates for the wing sections (NACA 651—213
(2=0.5)) and table IIT lists the orifice locations for the four
stations on the left wing. The deviations of the actual contour
from the theoretical contour are plotted in figure L.

The plan form and contour of the horizontal stabilizer and
elevator arc shown in figure 5. The elevator was equipped with
a trim tab which also acted as a boost tab with a 1:3 ratio gnd
with a spring tab which operated when the pull forces on the stick
exceeded approximzetely 10 pounds. The spring tab reached a maximum
deflection of about 250 at about 50 pounds pull force.

The gross weight of the airplane during the dive was 10,220
pounds with the center of gravity at 27.5 percent of the mean
acrodynamic chord.

Standard NACA rccording instruments wers used to record the
various quantities during the flight. The wing orifice pressures
wore recorded simultansously on multiple menomcters housed in the
fuselags nose compartment. A more complete description of the
instrumentation is given in refercnce 1.
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ACCURACY OF RESULTS

The static pressures used in the determination of the airspeed.
and altitude werc obtained from the static pressure of the airspeed
hcad corrected for position error as determined from a low-altitudc
flight celibration. The flight calibration was made by flying the
airplene past an objcct of known height to obtain the pressure
difference between the airplane static pressure and the barametric
pressurc, In addition, from a calibration made in the Ames 16-foot
high—speed wind tunnel the error inherent in the airspocd head due
to compressibility was determined. The values of pressurc cocfii-
cients were based on corrected static pressures,

All pressure lines of the airspecd system were balanced to
provide equal rates of flow during rapid changes in altitude. In
order to avoid the usc of an excessively long impact pressurc line
to provide equal rates of flow, two separate sources of static
pressure were provided, one for the airspced recorder and one for the
altitude recorder. All lines were 3/16-inch insidc diameter and
about 7 fest long, for which length thc lag was considercd nogligible.

The airspeed instrument, altimeter, and all pressure cells were
calibrated at several tcmpcraturos and thc flight—-test data werc
corrected for instrument toemperaturc effccts.

Due to the high angles of attack and high Mach numbcrs obtaincd
during the dive, the calibration of the airspccd systom had to be
necessarily extrapolatcd to a considcrable cxtent. For thc portion
of the dive betwecn 7= 13.0 and 15.0 (fig. 6), thc accuracy is
less than for the rest of the dive, and thercfore two sets of values
of acecuracy are given.

Time 6.0 - 13.0 sec,, 13,0 —
Interval 15,0 — 18.0 sec, 15,0 sec.
Vi +0,7 mph t2_mph
M +0.005 0,015
hP +50 feet +200 feet
P +10/q (noted)

The values of aileron angle shown in figurc 6 arc for the
right aileron. It was assumed that the loft ailcron was at the
same angle. During the pull-out some ailcron forcc was applied so
therc is an indeterminate error in the ailcron position.
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Due to instrumentation difficulties no reliable records of the
elevator trim tab or spring—tab deflections were obtained during tho
flight., The deflection of the trim (boost) tab varied less than 5°
for the elovator deflections obtained but the spring tab was most
likely at full deflection (25°) during the pull-out when the control
forces were high, In view of the uncertainty of the tab deflectionms,
their effect has been ignored in the analysis, The effect of the
tabs was to cause a higher value of up-elevator deflection than would
have occurred had thec tabs been at zero deflection. This difference
in elevator angle during the dive varies from about zero at zero
value of Cy to about 20 at values of Cy above 0.5.

The pressurc cell which recorded the difference in static
pressurc between the nogse compartment and the airspeed head gave
incorrect results at the higher valucs of C; and thercfore the
pressurc coefficients worc uncorrccted and are noted as such where
prescnted.

During the abrupt pitch—up portion of the dive many of the
orifice pressures changed very rapidly and for this reason no
estimate is made of the accuracy of P for this period.

RESULTS AND DISCUSSION

A timc history of various quantities measured during the dive
recovery is shown in figurc 6. From a maximum dive anglc of about
40° 4 gradually increasing rate of recovery was carried out up to
13.3 seconds. The airplane normal—force coefficient at this time
was approximately 0,49 at & Mech number of 0.858., At this point,
without appreciable change in elevator angle, the airplane suddenly
pitched up to Cy = 0.89 at M = 0,84k during a time interval of
about 1 second. The maximum Cy occurred at about 14,25 seconds
with the maximum angle of attack indicated as occurring slightly
later, which suggested that a stall had been encountered and which
was later verified from the pressure—distribution measurements.

' The maximum Mach number, 0.866, was roached at about 11.75
gseconds, As the pull-out progresscd the Mach number decreased, the
rate of decrease being very rapid near the end of the pull-out,

The chordwise pressure distributions obtained during the pull-—
out are presented in figure 7. Comparison of the pressure distribu—
tion for wing station 65 in figure T(h) ( 7= 14.25) and figure T(i)
(7= 14.45) shows the flat distribution on the upper surface indico—
tive of a stalled condition., This stall was apparently confined to the
center section. '
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The spanwise loadings derived from these chordwise pressure
distributions are presented in figure 8. In considering these data
it should be noted that the ailerons were floating up as indicated
in figure T. '

The variation of elevator angle with Mach number for constant
values of airplane normel-force coefficient is shown in figure 9.
The values below M = 0.80 were obtained from straight flight runs
and shallow turns. The results for the higher Mach numbers were
obtained from dive pull-outs at M = 0.82 to 0.83 and from the
dive for which the time history is shown in figure 6.

Inasmuch as the angular pitching velocity of the airplane
during a pull—out produces an increase in the angle of attack
of the tail over that obtained in level flight, an increase in
up—elevator deflection is necessary to offset this effect. In
figure 9 the elevator angles obtained from pull—outs have been
reduced to the static case by employing the horizontal-—tail
characteristics determined from tests on a 1/3-scale model of
the complete airplane in the Ames 16-foot high—speed wind tunnel
(reference 2). These wind-tunnel results are shown in figure 10.
The elevator angles obtained during the pitch—up were further
reduced to correct for the out—of-balance attitude of the air-
plane. '

The calculated longitudinal-stability curves of figure 11
were obtained from the elevator—deflection values of figure 9,
utilizing the elevator effectiveness of figure 10. This is an
apparent static longitudinal stability since the elevator effective-—
ness, as will be seen later, may differ from that shown in figure 10.

- The various longitudinal stability and balance problems
encountered in the high—speed dives and recoveries of this airplane
are indicated in figures 9 and 11. ' The problems indicated in
figure 9 are (1) an increase in up—elevator angle required for
balance or a nose—down tendency at Mach mumbers greater than 0.70;
(2) a further increase in elevator angle required for balance for
values of Cy above 0.20 at Mach numbers above 0,75 as shown by
the spreading apart of the curves for Cy = 0.2 and Cy = 0.4;
and (3) the abrupt decrease in elevator angles required for balance
at the higher normal-force coefficients at M = 0.84 to 0.86,
indicated by the bending over of the curves for the higher 1ift
coefficients.
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Nose-Down Tendency
) .

The airplane nose—down tendency (problem (1)) was encountcred
in wind—tunnel tests (rcference 2) as well as in flight., The
increment in elevator angle needed to balance this pitching moment
above . M = 0,70 at Cy = O is presented in figure 12(a) for both
wind—tuhnel tecsts and flighﬁ. The change occurs morec abruptly and
at a higher Mach number in the case of the wind—tunncl tests than
for the flight tests., This less abrupt change in flight is
possibly due to the action of the spring tab. However, it was
considered reasonable to attributc thce change in balance in both
cases to the same cause and therefore conclusions drawn from
analyses of the wind—tunnel results could bec applied to flight—
test results. '

The angle of attack for zero lift for the airplanc model in
the wind—~turnnel is presented in figure 12(b). For a constant value
of Cy and assuming € to be solely a function of Cy, then a
shift in the angle of zero 1lift corrcsponds to an equal change in
the tail angle of attack. Thus, the positive shift in the angle of
zoro 1lift, in effect, produces a positive increasc in the angle of
attack of the tail with a rcsulting nosc~down pitching moment. The
increment in elevator angle necded to offset this pitching moment
was computed and is presentcd in figure 12(a). Comparing this
computed increment with that needed for balancc shows that the
shift in angle of attack for zero lift will scrve to cxplain most
of the chenge in balance at low valucs of Cy above M = 0.70.
Thus, it may be concluded that the nosc—down pitching moment
experienced above M = 0.70 was due to the changc in the angle of
zero 1lift of the wing. ' '

Anelysis of Pitching Moments During Dive

Problem (2), the increase in stability between Cy = 0.2 and
Cy = 0.4, and problem (3), the abrupt pitch-up, will be considered.
in light of the dive chown in figure 6, In analyzing the results
of this dive Cy &and Mach number will be treated as the primary
variables. ' '

- The equation for the pitching-moment coefficicnts about the
airplane center of gravity, with a fow *assvmptions, may bc exprossed
as

1Tt is assumcd that volocity and accoleration along the lateral axis
is zero, and that the thrust acts through the airplane center of
gravity.
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29 »
C e B 52 G + C -EKE%EQ 1)
Mpyg ~ g "N T g VX T Uy, T Vmg T 08T g
“3%9)
For an airplane in steady flight \525) = 0 or the airplane is in

balance. The various terms of equation (l)/will be considered
individually with the intent of determining the cause of the increase
in stability between Cpy = 0.2 and 0.4 and also the cause of the
pitch—up.

Fuselage pitching moment.— The pitching-moment cocfficients of
the fuselage calculated by the method of reference 3 are shown in
figure 13(a). The fuselage critical Mach number at zero angle of
attack from reference 4 wes estimated to be 0.87. Since the Mach
number for fuselage moment divergence would be still greater, it
was assumed that the fuselage was operating below the critical.

The correction for comrressibility effects using reference 5 proved

to be small (maximum Cp = 0,010) and therefore the uncorrected
incompressible values of pitching-moment coefficisnts were used.

When the values of fuselage pitching-moment coefficients were used, the
fuselage was eliminated as a cause of the problems associated with

the dive. )

_ Pitching moments due to normal and longitudinal forces.— The
effect of the normal—force coefficient Cy on the pitching coeffi-
cient is shown in figure 13(b). Its effect is relatively unimportant
s8ince the airplane center of gravity was close to the quarter—chord
point of the mean aerodynamic chord. q

The values of longitudinal-force coefficient Cx were obtained
from the longitudinel accelerometer record and an estimate of the
Jet thrust. Its effect on Cp is shown in figure 13(c) and is
also not important as regards the dive problems.

Wing pitching moment.— The wing-pressure measuremcnts made
during the dive allow on exact determination of the contribution
of the wing toward the balance and stability of the airplane.
Figure 13(d) presents the values of Cmc/4 of the wing during the

dive. Since all the values of Cmc/4 arc negative and since

dec/1/dCN is negative at the highecr 1ift coefficients, the wing

could not have directly produced the pifoh—up. Howover the change
in dC, / jacy from a positive value at Cy below 0.2 to a
C/4i > B
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negative value above -Q? = 0.2 would serve to explain at least part
of the stability 1ncr@a§§ beyreen Cy = 0.2 and (o 38 I

Tail pitching moment.- The pitching-moment coefficlent of the
airplane, tail ofi, may be fourd by summing the contributions of the
various components. Thus

7 a z
C A B i R D 2
Weatl off  Mus o B o & cm0/4 (2)

The pitching-moment coefficient of the tail is then, from equation (1):

/ a%e

\ @e

. ny © gos Mtail off

The tail—off pitching—moment coefficient is presented in figure .,
Also shown is the out—of-balence pltching-moment coefficlent
B(d%6/d1®) /qST derived from the measured slope of the pitching—
velocity curve of figure 6. From these two curves the pitching—
moment coefficient produced by the tail was determined according
to equation (3) and is presented in figure 15. The results indicate
that the tail pitching moment became increasingly positive at the
higher values of Cyp up to the stall. Thus by a process of
elimination it has been deduced that the tail pitching moment was
the principal cause of the pitch—up.

Ana¥ysis of Horizontal--Teil Pitching Moment

It was shown that the cction of the tall was the probeable
cause of the abrupt pitch—up. The purpose of the following analysie
is to determine how this ocwurred.

The pitching-momert coefficient of the horizontal tail may be
expressed as: :

ae
Cmypy = - & QH{BCLH o e+l 5731<d—+>
T Y ’a;;;[ 10013 =7

C
1%
\ 35, >5e} e

By utilizing test results (unpublished data on file at the labo—
ratory) of a 1/3-scale model of the horizontal tail in the Ames
16-foot high—speed wind tunnel the number of unknown variables 1s

reduced to three; e, a«, and qH/q. The possibility that any one
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of these variables caused the abrupt pitch-up will now be considered.
The method of analysis for a and qH/q will be to solve for the
variation that is required for each one of these varlables to produce
the tail pitching-moment-—coefficlent curve of figure 15, assuming
reasonable values for the two romaining unknowns.

Downwash angle.— If it is assumed thet the tail is' close enough
to the trailing edge of the wing and of small enough span so that the
effect of the rolling up of the trailing vortices may be neglected,
then the downwash angle may be expressed as

e=57.3‘i“=’57.3f—‘-1-kcncdy 5)
v ag :

where the integral is evaluated over the center section. If
ag/a = 1.0, the downwash angle will vary linearly with the wing

~ LA
center—section loading \/-EES dk\%;) . Other wind—tunnel tests

indicate that,at a constant lift coefficient,Mach number has a minor
effect on downwash. ‘

The integrated center-section loading obtained from the span—
wise loadings of reference 1 is precented in figure 16. Also shown
are values obtained during the dive which are slightly larger than
those indicated from the low-speed results, probably due to the fact
that the ailerons were deflected upward. At any rate, there is '
insufficient increase in downwash to produce the pitch—up.

From wind—tunnel tests® of a l/3—scale model of the test air-—
plane the derived downwash angle variation with 'Cyy for o range of
Mach numbers from 0.3 to 0.85 was obtained and is presented in
figure 17. No Mach number effect is apparent. The variation of €
with Cy thus obtained was corrected for the increasc in center—
section loading and the corrected variation as used in the subsequent
analysis is also shown in figure 17.

Angle of attack.— To determinc the verintion of o with Cy
required to produce the tail pitching-moment rcsults shown in figure
15, 1t was assumed that (1) gqgfa = 1.0, (2) the variotion of €
with Cpg was as shown in figure 17, and (3) the horizontal-tail
characteristics were as determined in the wind—tunnel tests of the
isolated toil. For convenience in making the analysis, these wind—
tunnel data were plotted as tho variation of Crp with Mach number

2Uhpublishéa data on file at the laboratory.
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for the values of B8y corresponding to specific points during the
dive. A typical example is shown in figure 18.

Using the tail characteristics as measured in the wind tunnel,
the values of oy needed to produce the values of Cpy of figure 15
were determined. Then 16 >

hT%

@ =gy €= Lge O3 (6)

which (in light of the assumptions made) allows the values of «a

to be determined. The variation of o with Cy thus derived is
shown in figure 19. This variation is required to produce the
longitudinal characteristics of the dive. Comparison of this 1lift
curve with that derived from extrapolation of the wind—tunnel tests
of reference 2 (fig. 20) indicates dissimilarities. For the portion
of the dive before the pitch-up, the difference in slopes tends to
eliminate the 1lift curve as the cause of the increased stability,

In regard to the pitch—up, the results shown in figure 20 indicate
that the effect of decreasing the Mach number as Cy 1s increasing
from 0.5 to 0.89 is to markedly increase the slope of the curve.
This would agree with the steep slope in figure 19 between Cy = 0.5
and 0.7. For Cy greater than 0.7, however, the reduction in a
with increasing Cy 1is improbable. Therefore, it may be concluded
that the variation of a with Cy may explain part of the reduc—
tion in stability during the pitch—up due to the fact that the
airplane Mach number was decreasing, but it does not entirely
explain the latter portion of the pitch-up above 0.7 Cy.

Dynamic pressure at the tail.— A reduction in dynamic pressure
over the tail occurs due to the wing wake. This effect can become
important above the critical Mach number of the wing when a
pronounced flow separation is present. This reduction in dynamic
pressure has two effects: (1) It reduces the AC obtainable
with a given ACLy as can be seen in equation (MT, and (2) it

causes the Mach number at the tail to be lower than the airplane
Mach number. The reduction in qm/q and Mach number at the tail
can be seen in figure 21 as a function of loss in total-head
pressure. Thus at M = 0.85, a loss in total-head pressure
sufficient to produce a qp/q = 0.90 lowers the Mach number at the
tail approximately 0.04. It may be seen in figure 18 that such a
reduction in Mach number could produce a much larger change in tail
load than that due to the effect of the change in gqg/1 itself.
This is due to the large effect of Mach number on acLH/Bﬁe ey

BCLH/BGH above M = 0.80,
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For the purposes of analysis certain assumptions have been made:
1. Variation of e with Cy is as shown in figure 17.

2. Variation of 'a with Cy is as shown in figure.EO. This
variation was derived from an extrapolation of the wind-
tunnel results of reference 2.

3. Tail characteristics are as determined from wind-tunnel
tests of the isolated tail.

These assumptions coupled with measured values allow oy to
be determined, leaving only qH/q{ aCLH/BQH’ and BCLH/BBe as

unknowns in equation (4). Since all these were shown to be a
function of the total-head loss over the tail, the required variation
of qH/q was found by & series of successive approximations. The
varietion of qg/q and Mach number at the tail required to explain
the abrupt pitch—up is presented in figure 22. From this it may be
seen that the required reduction in dynamic pressure increases with
increase in Cy. This is quite plavsible, since at higher angles

of attack the wake becomes broader and the taill moves toward the wake.

To demonstrate this more clearly the wing wake at the tail for
the test ailrplene at M = 0.85 was estimated for a low value of
and also for the value of Cpy at the beginning of the pitch—up.
These estimates are shown in figure 23 and are based on wind—tunnel
surveys of a thinner wing and should be considered only roughly
quantitotive. They do show .the liklihood of wake changes at the tail.

In adéition to the reduction of the dynamic pressure, the wake
produces a velocity gradient in the vertical direction at the tail.
This velocity gradient will produce a 1lift on the tail dependent
upon the thiclmess of the tail and the velocity gradient. This
sub ject has been treated in references 6 and 7.

Summary of Balance Changes and Apparent Stablility

A shift in the angle of attack for zero 1lift, changes in elevator
effectiveness, and changes in stabilizer effectiveness produce changes
in the elevator angle required for balance at various Mach numbers.

If Cy and Mach number are both varying, the changes in balance: can
result in an apparent change in stability ACm/&CN. When both Cy
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and Mach number are increasing, an increase in the angle of attack
for zero 1lift produces an appareht increase in stability. This
accounts for part of the increase in stability during the dive
recovery between Cy = 0.2 ahd 0: 4, When Cy 1s increasing and
the Mach number is decreasing, the reduction in zero lift angle
causes an apparent decrease in stability, which partially explains
the abrupt pitch-up.

The efrfect on the airplane balance due to changes of elevator
effectiveness and stabilizer effectiveness is dependent on the angle
of attack of the tail, the elevator deflection, and the relative
changes in effectiveness with Mach number. For the dive in
question, the net effect of the decreasing airplane Mach number
was to produce a nose-up pitching moment; and because Cy was
increasing, an apparent decrease in stability resulted. It was
previously shown that, due to the wing wake, the Mach number at
the tail probably decreased more rapidly than the airplane Mach
number, greatly increasing this effect.

The combination of these changes in the apparent stability and
the reduction in Mach number over the tail serves to explain the
pitchpup below Cy = 0.75. Above this value this explanation fails
to account for all of the necessary tail pitching moment and at
Cy = O. 89 it explains only about 60 percent of the required moment,
leaving an unexplained pitching-momentcoefficient of 0.030.

. A reasonable explanation for the inability to satisfactorily
explain the entire pitch~up lies in the probable inaccuracies in the
results during the final and most rapid stage of the maneuver. For
example, assuming an error in Mach number of 0.015 (the estimated
accuracy) when Cy = O, 89, the resulting shift in angle for zero
1ift wiuld have produced an increment of pltching_moment coefficient
of 0.040

The longitudinal problems thus appear to rise from the effect
of Mach number on the angle of attack for zero lift and elevator
and stabilizer effectiveness. The use of a symmetrical wing would
reduce the shift with Mach number in the angle of attack required
for a given 1lift coefficient at least for moderate 1lift coefficients.
This would reduce the increment in elevator angle needed for balance
and thereby proportionately reduce the effect of a change in elevator
effectiveness on balance. A nartial solution would be to alleviate
the effects of Mach number on elevator effectiveness and stabilizer
effectiveness. The use of a swept—back tail surface would accomplish
this purpose as may be observed in figure 24 which compares the
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elevator effectiveness and stabilizer effectiveness at high Mach
numbers for the standard tail and for the tail swept back.

CONCLUDING REMARKS

This report explains the abrupt pitching-up of the airplane
which occurred during a 0.866 Mach number dive. Some additional
related stability problems have also been included.

One of these additional problems, the nose—down tendency of the
airplane above M = 0,70, was shown to be due to the positive shift
in the angle of attack for zero 1lift of the wing. At any given value
of Cys this shift served to increase the angle of attack of the
tail and produced a diving moment.

Another problem, the increase in stability which occurred
between Cpy = 0.2 and 0.k, was attributed partly to an increase in
gtability of the airplane, tail off, and partly to the balance
changes associated with an increasing airplane Mach number.

It was shown that the action of the tail was responsible for
the pitch-up, The negative shift in angle for zero lift and
increase in elevator effectiveness as the airplene Mach number
decreased produced a nose-up change in balance. The presence of
the wing wake produced an additional decrease in Mach number at
the tail which further increased the elevator effectiveness and the
nose-vp pitching moment.

It was suggested that utilization of a symmetrical wing and a
swept tail would alleviate the longitudinal-—stability problems
encountered. '

Ames Aeronautical Laboratory,
Nationel Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABLE I.— BASIC DIMENSIONAL DATA OF THE TEST ATRPLANE

Horizontal ]

Item Wing
tail

Area, sq ft 237 43.5
Spat gt 38.9 15.6
Aspect ratio 6.39 5.59
Taper ratio 0.36k 0.308
Mean aerodynamic '

chorda, £t 6.72 3.08
Dihedral of traill

ing edge, deg 5.9 0
incidence, root

chord, deg i 50
Incidence, tip

chord, deg -0.50 1.50

Root section
Tip section
Percent chord

having common
plane

Tail length (from|
0.25 M.A.C. wing,
to 085 MMRO. . |
talil); Tt

|
i
'
'
|
i
I

NACA 65,—213 (a=0.5)

| NACA 65,-213 (a=0.5)

He

NACA 65-010

NACA 65010

4o

14,90

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.- ORDINATES OF NACA 65,-213 (a = 0,5) AIRFOIL
[All stations and ordinates in percent chord]

R EEIO

IR

;§ O

NN

% -0
& ! I | ] 1
Q 0 20 a0 60 80 100

Station , percent chord

Upper surface Lower surface
Station | Ordinate Station| Ordinate
0 0 0 0
.38 1.06 .62 -.92
- .62 1.23 .88 -1.10
120 1.6 1.40 -1.35
| 2.34 2.28 2.66 -1.76
4, 81 3.26 5.19 -2.38
3 7.31 .02 7.69 | -2.84
z.so L, 67 10. 20 -3.,22
14,81 5.71 15.19 -E'SZ
19.83 6.51 20.17 -4 26
2L .86 72 25.14 -4.59
29.89 7.56 30.11 -4,82
30,92 7.85 5.08 -4,96
9096 7-98 0.0u’ —R.ol
5.01 7.94 Ul 99 -4.,95
50.07 R 49,93 1 -~ Jf
55.11 7.26 54,89 -4 47
60.1 6.63 2&.8? -4, 07
65.1 5.8 .86 -3.60
70.13 E'O 69.87 -3,06
J 5.1 L1 74.89 -2.49
80.09 3l 9.9 -1.88
85.06 8.2 g, 94 -1.29
90,04 1.33 89.97 -.72
} 95.01 L 94.99 -.24
100.00 0 100,00 0
L. E. radius: 1.174. Slope of radius

‘ through L, E,: 0.08Y4

NATIONAL ADVISORY
COMMITTEE' FOR AERONAUTICS
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TABLE III.— ORIFICE LOCATIONS ON WINGS OF THE TEST AIRPLANE
[Given in percent of chord

Left wing
Upper surface Lower surfoce
wise station, in. from I Spanwise station, in. from
Oriflice sygg;ter line of zirplane Orifice centor linc of airplane \
mO. ™85 1105.25] 152 | 207 o 55 [105.25] 152 207
1 G.681 " 0.7281 0.32.0 0.36 1 0.69| 0.69| 0.39 0.25
2 VL L 501 3L h3 =) 1481 1,4 209 3 g
3 2,201 - 2,60] Fa.,20 | 2.6 3 a 81 2.0 .17 2.23
4 5.311 5.25| k.62 5.09 L 5,261 5.34| 4.60 4,86
5 10.32f 10.25] 9.65 { 10.02 5 20.2601 10.3%] 587 49143
6 16.24] 16.62] 15.49 | 16.02 6 16.30| 16.23]15.49 |16.69
T gae58L 2332 | 22,73 123.10 T 23.07| 23.68122.59 |[23.43
8 26.12] 25.84} 25.93 } 26.13 8 26.12) 25.95125.88 |26.31
9. 133.231"'33.97] 34.33 | 34.19 9 33.54] 33.87|34.19 |34.28
10 41.16{ L2.09| 4O,62 | 41.73 10 41.%} b41,84|41.33 |L41.78
5§ 45.78] 46.53) 48,70 | 48.78 11 45.93{ 46.50(48.24 | u47.89
12 54,13 55.96] 53.76 | 55.23 12 56.13| 54.97|53.76 |95.10 .
i3 59.18] 59.89] 58.78 | 60.12 13 59.59| 59.99]58.88 |60.03
1L 6Lh.14| 64.60| 63,96 | 64,95 1k 64.23] 65.02163.56 |65.16
15 69.12| 69.56| 68,68 | 75.61 15 69.51| 72.59|67.63
16 73.38] 76.88] 78.41 | 60.18 16 71.87] 76.47(78.59 |T79.94
3T 79011 79.831 €3.30 1 85;1k 17 79.09| 79.96183.51 |85.02
18 83.03f 84.58| 89.93 | 90.27 18 82.90| 65.12|90.14 |93.04
19 89.14| 88.93| 93.2k4 | 95.25 19 89.15| 88,76193.16 i
20 94,19} 94,39 20 9k.09| 95.06
Section Section
chord,| 7.46} 6.4} 5.18 ] 3.73 chord, | 7.46| 6.40] 5.18 313
feet feet '

NATCON, L ADVISOIT
COMMITTEL FOR ATNRONAUTICS
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29
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[Statlon | ordinate || Statlon Jordinate
5 TS ek o 40.0 5.00
2.5 1.56 50,0 4.80
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10.0 3.04 80.0 2,08
20.0 4,145 90,0 1.04
30.0 4.76 || 100 0
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T. E. angle: 11.84°
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Figure 5.- Plan form of horizontal tail of subject

airplane and ordinates for the modified NACA
651-010 airfoil with straight side elevator.
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(a) Previovs To pifch-yp, M =0.839-0.662

gure 8.— Spanwise loading at various valves of rormal-force coefficient

during dive recovery.
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(b) Stabilizer erfectiveness

Froure [0.— Horizorital-1qs/ characleristics oblained
i /7/'9/5-.5;0990’ Wirno=funnel tests of -‘gi-scq/e
rmode/ of test arirplane (ref. 2).
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Figure 1l.— Apparent /longitvdinal stability of
test airplane .
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(@) Wing pitching momert coefficient Q,%
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Frgure 15.— Derrved pr/cling-moment coetficies’? of
1he horizonial ra// during the dive.
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