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AN AWALYSTIS OF LONGITUDINAL-CONTROL PROBLEMS
ENCOUNTERED IN FLIGHT AT TRANSONIC SPEEDS
WITHE A JET-PROPELLED AIRPLANE

By Harvey H. Brown, L. Stewart Rolls,
and Lawrence A. Clousing

SUMW%RY‘ .

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

Moasurements of the stability and control characheristice of
the airplane and of the wing pressurg distribution during the dive
and. recovery are Tresented.

An analysis based on flisht and wind-tummel date indicated the
probable causes of the abrupt pitch-up were an abrupt restoration
of elevator effectiveness and a nose—up change 1n belance caused by
a shift in the angle of atta .k for zero 1ift both due to the
decreasing Mach mumber.

INTRODUCTION

During flight tests of a Jebt-propelled sirplane conducted for
the purpose of obtaining high-speed asrodynamic characteristics,
geveral problems of high-speed flight were encountered. Soms of the
data obtalned and a discussion of the problems encountered were
presented in reference 1 which dsalt with wing—pressure measurements.

On one of the flights the airplane abruptly pitched up to the
stall in about 1 second during & dive recovery. This abrupt
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pltching—up motion was experlenced at ‘& 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 trailt 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 wers
made of a 1/3-scale model of the horizontal tail in the Ames 16-foot
high-speed wind tunnel up to the Mach numbers attalned in flight.
Because it appeared that a swept tail would alleviate or climinate
the pitching-moment effects, wind—tunnel tests were also madc of
the tall with the querter—chord line swept back 56.50°,

This report presents an analysis based on flight and wind—tunnsel
test date directed toward the determination of the probable cause of
the abrupt pitch-up. Wing pressure distributions and stability end
control characteristice in the dive sre alsoc included.

SYMBOLS

Ay airplane longitudinal aéceleration factor (X/W)
Ay airplane normel acceleration factor (Z/W) ~
a horizontal distence from 0.25 M.A.C. to the airplane contor

~of gravity, feet . ; ~
b wing span, fest -
B moment of inertis-of airplane sbout its lateral axis,

pound—feet, secand squared
c gection chord, feet
r:3 wing mean aerodyﬁamic chord, feet
Cn . section normal~force coefficient [- f l.O(PL—PU)d(é)]
i.Jo

cmC/ scction pitching-moment coefficient about gquarter chord
)

1.0 - '
[ & - 0.25)2%)
o WAy T
Cx airplane longitudinal—forcd coefflclent i ag -
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Crg "7 31ft coefficient of horizontel tail
Cy, airplane 1ift coefficient
-Cnp . pliching-moment cosfficient about alrplane cenler of gravity

Cmfus pitching-moment coefficient of fuselege about the airplane
center of gravity

CmH horizontal—tail piltching-moment coefflcient about the
airplane center of gravity

G, /4 pitching-moment coefficient of wing about 0.285 MiAiC.

Cx eirplene normal-force coefficient (WAz/aS)

(Cy in this report is identical to the Cp usually used
in flight-rssearch results) :

Fo elevator—contréi foree, .pounds

f-3 acceleration dus to gravity, 32.2 feet per second per
) gecond o

H total pressure, pounds per square foot

hP pressure eltltude, feet

14 incidence angle of the horiéontél taii, dsgrees

k constant L

1 tail length, feet

M Mach number, ratlo airspeed.%o spéed of sound

pressure coefficient [(p—po)/ql

Py pressure coefficient on upper surface
PL rressure coefficient on lower surface
P statlc orifice pressure, pounds per .square foot

Po free—stream statlc pressurs, pounds per sguers foot
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standard barcometric pressurs et sea level, pounds per sguare

foot
dynamic pressure (éﬁva), pounds per square foot

dynamic pressure at horizontal tail, pounds per sguare
foot

wing area, square feet

. horizontal tall ares, sguare feetl

section airfoil thickness, feet
thrust, pounds
airspeed, feet per second

indicated alrspeed, miles per hour

0.286
{vi = 1703[ Bpo , 1) -1]%1
PsL, 1)

downwash velocity aft of the wing center gection, feel per
second

airplane gross weight, pounds

chordwise distance from lsading edge, feet
éérodyﬁamic longlitudinal force on alrplane, pounds
spanwige distance from plane of symmetry, feet
aerodynamic normal force on alrplane, pounds

vertical distance from O, 25 M.A.C. to the alrplane center
of gravity, feet

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

alleron control-surfece deflection, degrees
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3] elevator control-surface deflection, degrees

!

A angle of sweepback of guarter—chordé line, degrees

e angle of alrplane longitudinal axis wi'bh respect to axis
fixed In space, radians

T tims, seconds

€ downwash englse, d.eérees

ae fdr pitching anguler velocity, radians per second

cl‘?'e/d.'l'2 pltching angul&r acceleration, radians per second per
second

DESCRIPTION OF THE ATRPLANE

The alrplane used in the tests is shown in figures 1 and 2.
Flgure 3 iz a threé-view drawing of the airplane showing the wing
stations at which pressure measurements were taken. Dimensions of
the airplane wing and the horizontal tall are listed in teble I.
Teble IT contains the ordinates for the wing sections (NACA 65;-213
(a=0.5)) and table ITI lists the orifice locations for the four
gtatione on the left wing., The devistions of the actual comtour
from the theoreticel contour are plotted in figure k,

The plan form and contour of the horizontal stabilizer and
elevator are shown in figure 5. The elevator was equipped with
& trim tab which also actel as a boost tab with a 1:3 ratic and
with a spring teb which operated when the pull forces on the stick
exceeded approximately JO pounds. The spring tab reached a maximum
deflection of a.'nout 25 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 reocording instruments werse used to record the
various gquaentitles during the flight. The wing orifice pressures
were recordod simultanscusly on multiple manomsters housed in the
fuselage nose compartment. A more complete description of the
instrumontation is given in refercence 1. .
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ACCURACY OF RESULTS

The static pressures used in the determination of the alrspeed:
and altitude were obitainod fram the static pressure of the airspeed
head corrected for posltion errdr as dsiermined from a low—altitude
flight calibration. The flight calibhration was made by fiying the
alrplane past an obJect of known height to obtain the pressure
difference between the alrplane static pressure and the barametric
pressure, In addition, from a calibration mado in tho Ames 16~foot
high—speed wind tumnel the error inherent in the alrspood hoad due
to compresalblllity was determined., The values of pressurc cocffi—
clents were based on corrected static pressures.

All pressure lines of the airspesd system were balanced to
provide equal rates of flow during rapid changes in altitude. In
order to avold the use of an eXcessively long impact prossurc line
to provide equal rates of flow, two separate sources of static
Pressure were provided, one for the alrspced recorder and one for the
altitude recorder. All lines were 3f/16~inch inside dlameter and
about 7 feet long, for which length the lag wos considercd nogligible,

The airspeed Instrument, sltimoter, and all pressure cells were
calibrated atb. several tem;pemturos and the flight—tost data wero
corrected for instrument tomperature affocts.

Due to the high anglea of attack and high Mach numbors obtainocd
during the dive, the calibraticn of the airapoecd systom hed to be
necessarily extrapolated to a consliderable extent. For tho portiom
of the dive between T= 13.0 and 15.0 (fig. 6), the accuracy ls
less than for the rest of the dive, and therefore two scte of valuocs
of accuracy are glven.

Time 6.0 — 13,0 sec.,, 13.0 ~ .
Interval 15.0 — 18.0 sec. 15,0 gec.
Vi +0,7 mph +2 mph
M +0.005 +0.015
hp . 250 foet | +200 feet
P +10/q (noted)

The values of aileron angle shown in figurc 6 are for tho
right aileron. It wos agsumed that tho loft ailoron was at tho
same angle. During the pull-out some aileron forco was applied so
there is an Indeterminate error in the aileron positiom.,
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Due to instrmentation dilfficultiss no reliable records of the
elevator trim tab or spring-teb deflections were obtained during tho
flight., The deflection of the trim (boost) tab varied less than 5°
for ths elevator dsflections obtalned but the spring tab was most
likely at full deflection (25°) during the pull-out when the control
Porces were high. In view of the uncertalnty of the tab deflectioms,
their effect has been ignored in the analysis, The effect of the
tabs was to cause & higher value of up-elevator Geflection than would
have occurred had the tabe been at zero deflection. This difference
in elevator angle during the dive varies from about zerc at zerc
valuo of Oy 1o about 2° at values of Oy ebove 0,5,

The pressure cell which recorded the difference in statlc
Pressure between the nose compartmont eand the airspeed head gave
Incorrect results at the higher wvaluceg of -y and therefore the -
pressure coefficlents were uncorrected and are noted as such vhere
presented. . .

During the abrypt pibch-up portion of the dive many of the
orifice pressures changed very rapldly and for this reason no
estimate is made of the accuracy of - P, for .this period.

RESULTS ANWD DISCUSSION

A time history of various guantities measured during the dive
recovery is shown in figure 6. From e maximum dive angle of ‘about
40P o gradually Ilncreasing rate of rescovery was carried out up to
13.3 seconds. The airplane normal—force coefficient at this time
was approximately 0.L9 at a Mach number of 0.858. At this point,
wlthout appreciable change 1n elevator angle, the alirplane suddenly
pitched up to O = 0.89 at M = 0,84k dvring & time interval of .
about 1 second. The maximum CR occurred at ebout 1%.25 seconds
with the maximum angle of attack indicated as occurring slightly
later, which suggested that a stall had besn encountered and which
wag later verdified from the pressure~dlstribution measurements.

' The moximum Mach number, 0,866, was reached at about 11.75
seconds, As the pull-out progrsssed the Mach number decreased, the
rate of decrease being very rapid near the end of the pull-out,

The chordwise pressure dlstributions cobtained during the pull-—
out are presented in figure 7. Comparison of the pressure distribu—
tion for wing station 65 in figurs T(h) ( v= 14.25) and figure T(1)
{T= 14.45) shows the flat distribution on the upper surface indica—
tive of a stalled condition., This stall was apparently confined to the
center section.
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The spanwlse lozdings derived from these chordwise presgsure
distributions are presented in figure 8. In considering these data
1t should be noted that the ailercns were floating up as indicated
in figure 7. .

The variation of elevator angle with Mach number for constant
values of airplane normal-force coefficlent is shown in figure Gi
The values below M = 0.80 were cbtained from straight flight runs
and shallow turns. The results for the higher Mach numbers were
obtained from dive pull-oute at M = 0,82 to 0.83 and from the
dive for which the time history is sHown in figure 6.

Inssmuch as the angular pitching velocity of the alrplane
during a pull-ocut produces’ an increase in the angle of attack
of the tail over thet 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-—ocutes have besn
reduced to the static camase by employing the horilzontal—tail
characteristics determined from tests on a 1/3-scale model of
the complete alrplane in the Ames 16-foot high—speed wind tumnel
(reference 2). These wind—tunmel results are shown in figure 10.
The elevator angles obtalined during the pltch—up were further
reduced to correct for the out—of~balance attltude of the alr—
plane.

The calculated longlitudinal—stability curves of figure 11
were obtalned from the elevator—deflection values of figure G,
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 longltudinal atability and balance problems
encountered in the high-speed dives and recoveries of this airplene
are indicated in figures § and 11. The problems indicated in
figure 9 are (1) an increase in up-elevator angle required for
balatice or a nose~dowh teéndency at Mach numbers greéater 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. CN-- 0.2 and Cx = 0.4;

and (3) the abrupt decrease in elevator angles required for balance
at the higher normal-force coefficients at M = 0.8% +to 0.86,
indicated by the bending over of the curves for the higher lift
coefficients, . .
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Nose-Down Tend.ency

The airplane nose—down tendency (problem (1)) was encountered
in wind-tunnel tests (roference 2) as well as in flight, The
increment in elevator angle necded to balance this pltching moment
above M = 0,70 &t Cx = O is presented in figure 12(a) for both
wind—tunnel tests and flight. The change occcurs more abruptly and
at a higher Mach number in ths case of the wind—tumnel tests than
for the flight tests,  This loss abrupt changs in flight is
possibly due to the action of the spring teb. However, it was
considered reascnable to attribute the change in balance in both
cages to the same cause and thereforc conclusions drawm from
analyses of the wind~turmel results could. boe sppllied to flight-
test results.

The angle of attack for z.ero lif"b for the airplenc meodel in
the wind-turmel 1s presented in figure 12{b). For & constant value
of Cy &nd assuming € to be solely a function of Cy, then a
shift in the angls of gzerc 11ft corrcsponds to an equal change in
the tail angle of attack. Thus, . the .positive shift in the angle of
zero 1ift, in effect, produces.a positlive incrcase in the anglo of
atback of the tail with a rcsulting nose~down pitching moment. The
increment in elevator angle noecdsd to offsot This pitching moment
was computed and is prosentcd in figure 12(a). Comparing this
computed, Increment with that nceded for balanco shows that tho
.shift in angle of attack for zero 1ift will serve to oxplain most
of the chenge in balsnce at low valucs of Oy above M = 0.70.
Thus, 1t may be concluded that the noso—dovm pitching momcnt
experienced above M = 0,70 wes due to the changc 1n tho gngls of
zero 1itt of the wing.

Analysis o:E' Pitching Homents JDuring Dive

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

The equation for the pitching-moment coefficioents about the
alrplane center of gravity, with a fow *assumptions, may Po expressed
asg

11t is .agsumcd that volocity end acesleration along the lateral axis
is zero, end that the thrust ccts through the airplane center of
gravity.
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. 29
BS ) .
cx + cmc/4 + Cmyy = CE (1)

qcso

off »

Coppe * %'GN *

l/ 2
For an airplane in steady flight \g:g- = 0 or the alrplane is in

balance. The various terms of equetion (1) will be considered
individually with the intent of determining the cause of the Increase
in stebility between O = 0.2 and 0.4 and also the cause of the
pitch—up,

Fuselage pitching moment.— The pitching-moment coofficiente 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 was estimated to be 0.87. Since the Mach
number for fuselage mcment divergence would be still greater, 1t
was asgumed that the fuselage was operating below the critical.

The correction for compressibility effects using reference 5 proved

to be small (meximm Cp = 0.010) and . therefore the uncorrected -
incompressible values of pitching~moment coefficients were used.

When the values of fuselage pitching—moment coefficiente wore used, the
fuselage was eliminated as a cause of the problems asscclated with

the dive.

Pitching moments due to pormal and longltudinal forces.— The
effect of the normal-force coefficient Cy on the pitching coeffi-

clent is shown in figure 13(b)., TIte effect 1ls relatively unimportant
slnce the alrplane center of gravity was close to the quarter—chord
polnt of the mean aercdynamic chord.

The values of longitudinal-forcé coefficlent Cx were obtained
from the longltudinal accelerameter record and an estimate of the
Jet thrust. Its effect on Cp 1s shown in figure 13(¢) end is
- also not importent as regards the dive problems.

Wing pltchling moment.— The wing—pressure measurements made
during the dive allow an exact determination of the contribution
of the wing toward the balance and stability of the airplans.
Figure 13(d) presents the values of cmc/4 of the wing during the

dive. BSince all the values of Cmc/4 aro negative and since

dﬂmc/a/dcﬁ is nogative at the higher lift coefficlents, tho wing

could not.have directly produced the pltch-up. However the change
in dgmc/ /dCN from & positive value at Cx bolow 0.2 to a
%
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negative value above Cyx £ 0.2 would serve to explain at least part
of the stability increase betweeh Cy = 0.2 and Ok s

Tail pitching moment.+ The Exi'ﬁching—-_moment coaefficient of the
airplane, tall off, may bs found by swming the contributions of the -
various components. Thusd

. | . i . . .
= . + o +t e Gy + 2)
bm’ce.il off c}“.f.‘us ) Cx s X Omc/ng (
The pitching-moment coe_fficient of the tail is then, from equation (1):
d. & '
\ i .
cmH-’ o Mtatl ofr (3)

The tail—off pitching-moment coefficient is presented in Tigure 1k.
Also shown is the out—of-balance plitching—moment soefficient
B(d®6/a712) [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 tall was dstermined according
to equation (3) and is presernted in figure 15. The resulbs indicate
that the tall pitching moment became increasingly positive at the
higher values of Cy up %o the stall. Thus by 2 process of
elimination 1t has been deduced thet the ta.il pltching moment was
the principel cause of the pitch—up.

" Analysis of Horizontal~Tail Pitching Moment

It was shown that the action of the taill was the probable
cause of the abrupt pitch-up. The purpose of the followlng analysls
is to determine how this occurred.

The pitching-moament coefficient of ths horizontal tall may be
expressed &s:

ae
TS T R NS

By utilizing test results (unpublished dato- on file at the lobo-
rotory) of a 1/3-scale model of the horizomtel tail in the Ames
16-foot high—speed wind tunnel the number of unknown variables is
reduced to three; e, «, and qH/q. The possibllity that eny one

2
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of these variables caused the abrupt pitch-up will néw Ye ccohsidered.
The method of anolysis for o« and ggfq will be to solve for the
variatlon that is required for each onhe of these verlables to produce
the tail pitching-moment-coefficlent curve of figure 15, assuting
reasonable valunes Tor the twoe refinining unknowns,

Dowvnwash angle.— If it is assuméd that the tall is closc cnough
to the trailing edge of the wing and of amal) enough span so that the
effoct of the rolling up of tho trailing vortices may be neglected,
then the downwash angle may be cxprosaod s

e=57.3‘i’§57.3f&-kcncdy (5)
v Qg

vhere the integral is evalunted over the center sectlon. If

ag/q = 1.0, the downwash ongle will vary linearly with the wing
s

center—section loading f -°-n.=‘-’-_ac\ ?) . Other wind—tunnel teosts

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

The integrated center—section loading obtained from the span—
wise loadings of reference 1 is presented in figure 16. Also shown
are valuss obtained during the dive which are slightly larger than
those indicated from the low-speed results, probably due to the fuct
that the allerons were deflected upwoard. At any rate, there is
ingufficlent increcse in downwash to produce the pitch-up,

From wind-tunnel tests® of a 1/3-mcale model of the test air—
plane the derived downwash angle voriastion with Cx for o renge of
Mach numbers from 0.3 to 0.85 was obtuined and is preseonted in
figure 17. No Mach number effect is apparent. The varlation of €
with Cy thus obtained was corrected for the increase in center—
gectlon loading and the corrected variation os used in the subsequent
analysie 1is also shown in figure 17.

Angle of attack.— To determino the variation of « with Cy
required to produce the tail piltching—-moment rcsults shown in figure
15, 1t wes assumed that (1) q/q = 1.0, (2) tho variation of €
with Cy was os shown in figure 17, and (3) the horizontal-tail
characteristics were as determined in tho wind-~tumnel toasts of the
isolated tail. For convenlience in moking the anclysis, those wind—
tunnel data were plotted as tho varistion of  Cpm with Mach number

zUhpublished data on file ut tho laborxztory.
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for the values of 8y corresponding to specific points during the
dive. A typical example is shown in figure 18.

Using the tail characteristics as measured in the wind tummel,
the values of ag needed to produce the values of CmE of figure 15

were determined., Then dg)
o m:cgﬂa,«5-11.,-5?.3ivTT (6)

which (in light of the assumptions made) allows the values of o

to be determined. The variation of' a with Cx thus derived is
shown In figure 19. This variation is required to produce the
longitudinal charascteristics of the dive. Comparison of thie 1ift
curve with that derived from exhrapolation of the wind—turmel tests
of reference 2 (flg. 20) indicates dissimilarities. For the portion
of the dive before the plitch-up, the difference in slopes tends to
eliminate the 1ift curve as the cause of the increased stability.

In regard to the pitch-up, the results shown 1n figure 20 indlcate
that the effect of decreasing the Mach number.as Cx 18 Increasing
from 0.5 to 0.89 is to markedly incrsase the slope of the curve.
This would agres with the steep slope in figure 19 between Cx = 0.5
and 0.7. For Cy g&reater than 0.7, however, the reduction in o«
with increasing Cn i1s improbable. Therefors, i1t may be concluded
that the variation of o with Cg may explain part of the reduc—
tion in stability during the pitch-up due to the fact that the
alrplane 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 tell.—~ A reduction in dynamlic pressure
over the tall occurs due to the wing wake. This effect can become
important above the critical Mach mumber of the wing when &
pronocunced flow separation 1s present. This reduction in dynemic
pressure has two effects: (1) It reduces the m? obtainable
with a given ACpy as cen be seen in eguation (%), end (2) it

causes the Mach number at the tail to be lower than the airplane
Mach number. The reduction in qg/q end Mach number ab the tail
can be seen in figure 21 as a function of loss in tobal-head
pressure. Thus at M = 0.85, a loss in total-head pressure
sufficient to produce a qH/q = 0.90 lowers the Mach mumber at the
tail approximately 0.0k. Tt may be seon in figure 18 that such a
reduction in Msch number could produce a mich larger change in tail
load thsn that due to the effect of the change in agfa 1itself.
This is due to the large effect of Mach number on acIH/BBQ and.

BQLH/B@H ebove M =-0,80.
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For the purposes of analysis certain assumptions have been made:
1. Verietion of ¢ with Gy 1s as shown in figure 17.

2. Varlation of o wilth "Cx 1is as shown in figure 20. This
variation was derived from an extrapolation of the wind—
tunnel results of reference. 2.

3. T=il characteriastlcs are ag determined from wind—tunnel
tegts of the.isolated,tail.l

These assﬁmptibns coupled with measured values ellow oy to
be determined,” leaving only ‘ag/d, acLH/aaE, and acLH/as as

unknowns in equation (4). Since all these were shown to be a
function of the total-head loss over the tall, the required variation
of aH/q was found by a series of successive approximations, The
variation of /q . and .Mach number at the tall required to explain
the abrupt pitc up is presented 1ln figure 22. From this it may Te
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 tail moves toward the weke.

To demonstrate this more clearly the wilng wake at the tail for
the test airplane at M = 0.85 was estimated for a low value of
and also for the value of Cyx at the beglnning of the pitch-up.
These estimetes are shown in figure 23 and are based on wind~tunnsl
surveys of a thimmer wing and should be considered only roughly
guantitative. They do show the liklihood of wake changes at the tell.

In addition to the reductlion of the dynamic pressure, the wake
produces a veloclty gradlernt in the vertical directlion at the tall.
This velocity gradient will produce a lift on the tail dependent
upon the thickness of the tail and the veloclty gradient. This
sub Ject has been treated in references 6 and 7. -

Summary of Balance Changes and Apparent Stability

A shift in the angle of attack for zero lift, changes in elevator
effectivensss, and changes in stabllizer sffectiveness produce changes
1n the elevator angle regquired for balance at various Mach numbers.

Cg &nd Mach number are both varying, the changes in balance can
resul in an apparent change in stability ACm/ACy. When both Cy
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and Mach mumber are increasing, an increase in the angle of attack
for zero lift produces an apparent increase in stability., This
accounts for part of the incrsase in stability during the dive
recovery between Cy = 0.2 end Oilt,. When Cy 1s increasing and
the Mach number i1s decreasing, the reduction In zero lift angle
causes an apparent decrease in stability, which partially explains
the abrupt pitch—up.-

The effect on the alrplane 'ba.lance due to chahges of elevator
effectiveness and stabllizer effectiveness is dependent on the angle
of attack of the taill, the elevator deflection, and the relative
changes in effectivenese with Mach npmber. For the dive in
question, the net effect of the decréasing alrplane Mach mumber
was to produce & nose~up pltching moment; and because Cyx wes
increasing, an apparent decreese in stability resulted. It was
previocusly shown that, due to the wing wake, the Mach number at
the tall probably decreased more repidly than the alrplane Mach
number, greatly increasing this effect.

The combination of these changes in the apparent stebllity and
the reduction in Mach number over the tall serves to explain the
pltch—up below Cyx = 0.75. Above this value this explanation falls
to account for all of the necessary tail pitching moment and at -
Cy = 0. 89 1t explains only about 60 percent of the required moment,
leaving an unexplained. pltching-moment coefficient of 0.030.

A reasonsble explanation for the inebility to satisfactorily
explain the entire pltch-up lies in the probable inaccurecles in the
results during the £inal and most rapid stage of the maneuver. For
example, assuming an error in Mach number of 0,015 (the estimated
accuracy) when Oy = O. 89, the resulting shift in angle for zero
1ift wigld. have’ prod.uced. an Increment of pitching-mcmen‘b coefficient
of 0.0

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 ghift with Mach number im the angle of attack regqulred
for a glven 1ift coefficient at least for moderate 1ift coefflicients.
This would reduce the imcrement in elevator angle needed for balance
and thereby proporticnately reduce the effect of e change in elevator
effectiveneas on balance. A partial solution would be to allevinte
the effects of Mach number on elsvator effectlveness end stebllizer
effectiveness. The use of a swept—back tall surface would accompllish
this purpose as may be observed in Pigure 24 which campares the
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elevator effectiveness and stabillizer effectiveness at high Mach
nunbers for the standard tail and for the tall swept back.

CONCLUDING REMARKS

This report explains the abrupt pltching-up of the alrplane
which occurred during & 0.866 Mach number dive, Scie additional
related stability problems have alsc been included.’

One of these additional problems,. the nose~down tendency of the
airplane above M = 0.70, was shown. tc be due to the positive shift
in the angle of attack for zero 1ift of the wing. At any given value
Of Cy, 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 Cy = 0.2 &nd 0.k, was attributed partly to an increase in
gtability of the airplane, tail off, and partly to the balance
changes assoclated with an 1ncreasing airplane Mach number.

It was shown that the action of the tail was responsible for
the pltch-up. The negative shift in angle for zero 1lift and
increase in elevator effectiveness as the alrplemne Mach number
decreased produced a nose--up change in balance.  The presence of
the wing wake produced an additional decreese in Mach number at
the tail which further increased the elevator effectiveness and the
nose—up pltching moment.

It was suggested that utilization of a symetrical wing and a
swept tail would elleviate the longitudinal-—stabllity problems
encountered,

Ames Aeronautlcal Leboratory,
Rational Advisory Committee for Aeronautics,
Moffett Fleld, Calif, :
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TABIE I.— BASIC DIMENSTIONAL, DATA OF THE TEST ATRPLANE

Iten " Wing _ Horizontal
: . tail
Area, sq £t - o237 k3.5
Span, ft 38.9 o 15.6
Aspect ratio - 6.39 . 3.59
Taper ratio . 0.36h 6.308

Mean aerodynamic _
chord, ft 6.72 o 3.08

7

Dihedral of traild,
ing edge, deg 3.93. : 0

Incidence, root :
chord, deg -1 1.50

Incidence, tip '
chord, deg ~0.50 : 1.50

Root section NACA 65;-213 (a=0.5) | NACA 65-010
Tip section NACA 65213 (a=0.5) NACA 65-010

Percent chord
. having common B
plans _ 52 - T3

Tail length (from
0.25 M.A.C. wing : '
to 0.25 M.A.C. :
tail), ft — : 14,90

NATIONAL AINISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.~ ORDINATES OF NACA 65,-213 (a2 = 0.5) AIRFOIL
' [All etations and ordinataslin gercent ugordl

ig‘}§ 10
NS
D -
Y
Q- 5./0 . .
S ' = L il i
Q © 20 40 - 60 80
Station , percent chord
Upper surface Lower surface
Station | Ordinate Stationj Ordinate
0 o o
38 1.06 .62 -.92
.62 1.%2 .88 -1.10
1.10 1. 1.ho -1.35
.o2.34 2.28 . 2,66 -1.76
4 & .26 5.19 -2.38
1-31 .02 7.69 -2.84
.&0 L, 67 10.20 ~3.22
it.gr | 5.71 15.19 :E'Sa
12.82 6.51 20.17 .26
24 8 7.12 25.14 ~1t.59
29.89 7.56 30,11 ~l,82.
34,92 7.85 5.08 -I.96
39.96 7.98 .ol ~5.0%
5.01 7.9 It 99 ~I,.95
50.07 |- 7.-71 1;3.93 =BT
55.11 2.26 .8 -, ;
60.13 .63 23'82 -0
65.1 5.82 .8 -3.60
70.13 E'O 69.8 -3,06
75.11 .14 T4.8 -2.49
80.09 3.1& gz.91 -1.88
&5.06 2.2 .9l -1.29
90,0k 1.33 89.97 ~.72
95-01 ’.53 9 -99 -.2&
100.00 0 100.00 o]
L, E, radtus: 1.174. Slope of radlus
through L. E.: 0.084

NATIONAL ADVISORY
COMMITTEE' FOR AERONAUTICS



TABLE IIYX.— ORIFICE LOCATIONS ON WINGS OF THE TEST AIRFLANE

TACA 3 Io. ATGO3

[Given in percent of chor

Left wing
Upper surface .. o Loweor surfoce
wise station, in. from Snanwlse station, in. from
Orificef SETN 22 line of airplame | O¥ifice | “centor 1ing of alrplone
0. ™85 1105.251 152 | 207 ne. 55 1105.25] 152 507
1 0.68| o©0.72| 0.32]| 0.36 1 0.69] 0.69| 0.39 0.25
o 1.4%70 1.55 .95 | 1.h3 2 1.48) 1.47] 1.05 1.12
3 2.79 2.69] 2.20 2.61 3 2,871 2.81f 2.17 2.23
4 5.31 5.25{ k.62 5.09 4 5,261 5.34% L.60 4,86
5 10.32} 10.25| 9.65 }10.02 5 10.20| 10.34] 9.57 [11.43
6 16.24| 16.62] 15.49 | 16.02 . 6 16,30| 16.23}15.49 |16,69
T 22,58| 23.32} 22.73 | 23.10 7 23,07 23.68122.59 }[23.43
8 26.12| 25.84] 25.93 | 26,13 8 26,191 25,95125.88 [26,31
9 33.23| 33.97] 3%.33 j 3k.19 9 33.54] 33.87{34.19 |]3k4.28
10 §1,16] 42.09] 4o.62 | k1,73 10 b1,4%01 b1,.84[41.33 [L41.78
11 45.78] 46.531 48,70 | 48,78 11 5,93 46.50]48.2% | 47,89
12 54,13} 55.96| 53.76 | 55.23 12 56.13} 54.97(53.76 |55.10
13 59.18{ 59.891 58.78 | 60.12 13 59,59 59.99158.88 |60.03
1L 6h,1kf 64,60} 63.96 | 64,95 | 1k 64.23] 65.02]63.56 |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 1 £&0,18 16 T1.871 76.47178.59 [79.94
17 79.11} 79.83| 83.30 { 85.1%L 17 79.09| 79.96183.51 |85.02
18 83.03| 8k.58] 89.93 | 90.27 18 82,901 65.12(90.14 |93.04
19 89.14) 88,931 93.24 | 95,25 19 89.15{ 88,76]93,16
20 ol,19} 9ok,39 2G 9k.09[ 95.06
Section Section
chord,| 7.46| 6.40} 5,18 | 3.73- | chord, | 7.46]| 6.40] 5.18 3.73
feet feot

COMMITTIIR FOR ALRONAUTICS
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Figure l.- Three-quarter

side view of the test airplans.
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Figure 2.~ Plan view of the test airplane.
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Frgure 3. —— Three-view orawsng of the fest
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S
o
=

Ordinale,
percéZ? chord
Q
|

4
D

&c €0 80 /o0

7o
Statron, percent chord

%!z Statlion [ordinate |
® 0.0 L]
2.5 50.0 4.80
S.0 60.0 4.115
7.5 70.0 3.115
10.0 80.0 2.08
20.0 90.0 1.04
30.0 ]
L. E. radlus: 687
T, E. angle: 11,84°

HATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

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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(c) 7= /0.5 sec

Figure T .— Confinued.
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(b) Stabilizer errectiverness

Frgure [0.— Horizontal-tas/ characleristics obiained
in Higlh-poeed Werd-funne! lesrts of f-scw/e
rmode/ of  test airplane(ref. 2).
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Normal-force coefficient,C,
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Figure Il.— Apparent fongifudinal stability of
test airplane.
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Argle of affack for zero lif7, deg
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Frgure /2.— Variation with Mach number of incremental

elevator defleclron required for bolance above A=0.70
and aongle for zero lift.



NACA RM No.

D

8

>

S

\ 04

v

N

<

O

§ g

&

d
04

3

S

R 0

9

8

N

g

g

g -.04

ATGO3

(a) Fuse/age
/
(6) Norrzeal-force coefficient ,Cy
g,
7 D25
/A A - N — Y
(©) Longitudina/ -force coeffrcient, Gy
§ =_/22

. NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

©

(@) Wing pitching momert cosfficient Q,%

2 & .6 .8 L0

Normral-force caefficiens,C,

Figure /3.— Varialion of the quantifies affecling rthe alpline
fall -off pifchirng-rmoment coefficient with norimal- force
coefficlent during 1/e dive.

47



48

NACA RM No. A7G03

S

3

Normal-Fforce coffrcient

RS

geé
Bz
S¢

‘4

o 2 4 6 8

c
Mrai orF

§

Lo

Fitching-rmoment coerficient, Cpy
N

NATIONAL

<06

ADVISORY

COMMITTEE FOR AERONAUTICS

Frgure 14.—pDerived piiching-moment characterrsiics of

the test arrplore duriig the osve,

NATIONAL

Stall
x
F s
\\
<
.“g
"G .04
19
N
8 o
Q LY 2 £ 6 .8 Lo
N Norrmal- force coeffrcrent, G,
3
< -
S 04
Q

ADVISORY

COMMITTEE FOR AERONAUTICS

Frgure 185.— Derrved o/fcting-moment coeflicresnf of

1he hor/zonial fal/ during the drve.



NACA RM No. A7G03

€ e Valves obtarned
3 auring pitch-uyp
hCofd
/ < 'b/z) 4 -
° P
= M=.60-83
2 Flight dafa
NATIONAL ADVISORY '
COMMITTEE FOR AERONAUTICS
%o .2 A % 8 /0

Normal-force coefficient, ¢y

Figure 16.— variafion of wing load over center sectfion
with normal-force coefficient.

8
> "y :
3 Voriation used 'h anolysis
\U-‘ A /
¥
N Symbol M
< 4
o) e 3
g A .7
L o] 775
3 2 5 5
Q ° 4 @ 825
+ 85
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
o .
o 2 a 6 8 7.0

Normoal-force coefficient , Cn

Figure I7.— Variation of dowriwaesh angle with normal-force

coefficient Ffrom tests in the Ames /6 FT High-speed

wind Tunnel and corrected variation uvsed in
orolysrs.

49



NACA RM No. A7GO3

50
3
2
S
*-\
S
S
B
: o
.‘s
k
|-y
oy,
X
8
é -f
by
-J
-4

.80 .84
Mach number ,M

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

;e =124 °

Flgure 18.— Varralion of //we frorizonfal-tal/ Jift coefficient
wx//;ﬁ/;f«ﬂ/\r:*/z number for constant values of Jlai angle
of alfecKk.



NACA RM No. A7G03 51

/
g M
- 544
8
— &5

—.56

Normal-force cae/}"?'c/ep}j Cy
o

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

4 & &
Angle of alfack ,x,dey

Figure [9.—Derlved variation o normol-force coeffrcies” with
angle of atfack reguired fo produce the dive recovery.



52

Normal-force coefficient ,C,,

NACA RM No. ATGO3

10
During dive
8 //
6 /
/7
MY
85
4 - }’ /
2 '//57
74 oA s
o044 /
o’ 2

4 6 8 0

Angle of affack ,«, deg

Figure 20— Assumed variation of normal-force coefficient

with angle of attack.



NACA RM No. A7G03 53

8 N 5

Decrement /» Mach rumber
3

0 e/ 20 S0 40 .50

N

. L00

80
Yy
60

NATIONAL ADVISORY
40 COMMITTEE FOR AERONAUTICS

T

- 0 ;/0

20 30 0 .50
A/y?-,

- Figure@l.- Decremen} in Mach rumber and varialion
of dynam/ic pressure due fo a foss /n Folal/
head ror an jnifial Mack number of 0,85.



54 : NACA RM No. ATG03

/.0
8
I
7
&
< 1 | . | | t ;
o 2 4 % 8 /0
Normal-force coefficient,Cy
s -9 Airplane Mach humber
g . I T e —
Q .8 Mach number
§ at tail
S .
S 7
Q .
S NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
-} 1 [ l ! !
o & L 6 8 ’.0

Normal-force coefficienf,Cy

Frgure 22.— Voriation of dynarnic jpressure ratio and
Mach number af the fail required fo produce
the dive recovery.



NACA RM No. A7G03

s

(@) C;/= o

||||||

B |
(j/%»

&) G=.5

/

&M”K MAC

_%‘L

. NATIONAL ADVISORY
COMMITTEE FOR AEROKAUTICS

/‘79Uf'e 23— Lstimated woke conditions af 7he Fuirge Jine
of /e forizorfalf Tar/ al cpgscximdlely 085 Mocl

rumber

55



56

/2

NACA RM No. A7GO3

o

20
Gfandy\

2.
Cen
o<y Sweptback __ _——
o
2 .3 4 - .G .7 .8 .9
Mach number , M
ca) Stabllizer effectiveress
OCH = 0° mmo'aué'onmmmémurm
Se =0°
o Standard
G,
3% 5z
— . ___ Sweptback
A\
o
ol 3 & 5 [~ .7 v .9

Mach nuvmber, M
(b) Elevator effechveness

Filgure o4 — Horizontal-rtail characteristics from
tests of @ Ss-scale moce) in Ames 16 Ft High-
speed Wind Tunnel. '



1434 4304

T m"ﬂ T =S



