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CURRENT STATUS COF LONGITUDINAL: STABITITY

By Charies J. Donlen
SUMMARY

Tne problems of statlic and dynemic longitudinal stabllity both at
high speeds and at low speeds are dlscussed and data are presented which
indicate recent progress made in the solutlon of these problems.

It 1s shown that ths incorporation of large amounts of sweepback on
both the wilng and the horizontal talil can significantly incresse the
Mach number at which criticel trim chenges and stabillty changes occur
and can greatly reduce the trim changes and steblllty changes encountered
at supercritical speeds. Data are also presented which demonstrate the
possibllity of obtaining satisfactory longltudinal stabllity in the
landing configuration for wings with sweepback of the order of 45°
utilizing verlous stell—control devlces. Optimm arrangements for such
devices, howsver, should be determined experimentally at the present tims.

IRTRODUCTION

The purpose of this paper 1s to focus attention on some recent
investigations that have been concerned with longitudlnal—stebililty
problems both at high speeds and at low speeds and to summarize briefly
the current state of affairs in regard to these problems.

SYMBOLS
W welght
M Mach number (V/a); pitching moment
v velocity
a8 speed of sound
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AR aspect ratio (b2/S)

b gpan

s wing area

Cr, 11ft coefficient (L/qS)

] dynamic pressure (%d?%)

9 dynemic pressure at tail

o] density

c chord

Cry pltching—moment coefficient (M/qcS)

€ downwash at tail

P perlod of short-period longitudlnal oscillatlion, seconds
T1/2 time for osclillation to damp to one-half emplitude, seconds
1y gtabllizer incidence

o] ' control-surface deflection

& angle of attack

HIGH-SPEED PROUBLEMS
Static Stablility and Control

Recent Investigatlons.— A number of longitudinal—stabllity
Investigations of various alrplans configuratlons have besu conducted
et high subsonic Mech n.mbers In the high—speed wind tunnels of the
NACA and at transonic Mach numbers up to 1.2 utillzing the NACA wing—flow
method and the assoclated wind-~bunnel transonic-bump technique. A
number of thesge Invesblgatlons are reported in references 1 to 7, and
some of the configurations investigated, together wilth the Mach number

rangs covered, are summarized in filgure 1.

For the tailless configuration (a), data were obtained in the
Langley high—speed 7— by 10-foot tunnel for a sting—-supported model and
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also for & semlspan model up to & Mach number of 0.95. Wing—flow data
were also obtalned up to & Mach number of 1.2. The three ssts of data
are In gensral qualitatlive agreement, although the increase in the 1lift—
curve slope with Mach number weas somewhat more rapid for the gbing—
supported tunnel model than for the semispan tunnel model and semispan
wing—flow model.

Configuration (b) was investigated as a semispen wing~flow model
(reference 1) and was also tested on a transonic bump in the Langley high-—
speed T— by 10—foot tunnel. Thls model is similar to the XS5-1 model for
which Langley 8—foot high—gpeed—tunnsl data are availsble to a Mach number
of 0.92 (references 2 and 3). The agreemsnt between the dats obtainsd by
the wing—flow method and the transonic—bump method wes satisfectory
throughout mosgt of the Mach number range.

Model (4) was similar to model (b) except for the swept tail. It
also was tested as a wing—flow model (reference L4).

Model (c) was investigated on the transonic bump; model (e), as a
semigpan model in the Ames 16~foot tunnel (reference 5); and model (f),
as a sbing-supported model in the Langley 8—foot high-speed tunnsl
(references 6 ani T).

Despite the fact that most of ths results avallable thus far are
limited to relatively few conflgurations, 1t is lnteresting to observe
in the date certein trends In regard to the manner in which stebility
and trim changes wilth Mach number are manlfested.

Characteristic data.— Date representative of the varietion of
pitching—moment coefflcient with 1ift coeffliclent for several Mach
numbers for a stralght—wlng deslgn are shown in figure 2. Although
thege date apply to the design Indicated, simllar trends In the data
for othsr stralght—wing designs have been observed. The data at M = 0.600
are typlical of the behavior before force bresk, and soms comments
regarding the predicabllity of the characteristics in this range are
probebly pertinent at this point.

The lmportant changes in longitudinal stebility for straight—wing
designs at high Mach numbers are, of course, not Indicated by formmlas
based on linear—perturbation theory. Such formmlaes, however, are useful
in interpreting experimental trends at subcritical Mach numbers. In
conslderation of the Mach number effects on a wing and tell combination,
the trends indicated by the theory may be divided into three categories:

(1) direct changes in the position of the wing &erodynamic center,
(2) changes in the downwash at the tail, and (3) dlsproportionate changes
in the lift—curve slopes of the wing end tall resulting from the differences
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in aspect ratio. For a flat elliptic wing of aspect ratio 4, theory
indicates a forward shift of the aerocdynamic center of only about

1.k percent at a Mach number of 0.8 (reference 8). However, forward
shifts of the aerodynamlic center of 5 percent- or more have been obtalned
experimentally on stralght winge at high Mach numbers, particularly for
those employing sections having large tralling—edge angles. At the
present time, therefore, it appears that the changes in wing aerodynamic—
center position with Mach number must be determined experlimentally even
at subcritical speeds. A limlted amount of Germsn date has indiceted that
thig effect 1s minimized for smell trailing—edge angles.

The theories regarding the change in downwash characteristics at the
tall and the change in the lift—curve slopes of the wing and tail with
Mach nimber, however, appear to agree falrly well with experiment at
subceritical Mach numbers (references 9 and 10). These two effects have
indicated forward shifts in the neutral point of the order of 5 percent
in some cases. At Mach numbers approaching that of force break and at
supercritical Mach nunbers, recourse mist be made to experiment.

Marked changes 1n the variation of the basic wing—fuselesge pitching
moment with 1ift coefficlent are apparent at & Mach number of 0.905
and 0.933, and the appeasrance of flat spotes in the resultant pltching-—
moment curve in the lower 1ift renge is somewhet characteristlic for this
type of design at supercritical speeds. In many instances local reversals
in slope have been encountered, particularly for different stabilizer
and elevator settings. The nonparslleliem of the pitching-moment curves
in thig range for the dilfferent. stabllizer settings 1s significant and
evidences the nonlinear contribution of the tail to stebllity. Conseguently,
in evaluating the stabillty characterlstics of a deslgn possessing non—
linearities of this kind, it is essentlal, of course, to conslder condl-—
tilons at tell settings in the vicinity of trim at the particular 1lift
coefficient in questlion and also the lift—coefficlent range over which the

nonlinearities extend.

Similer data for a sweptback tailless configuration are shown in
figure 3. The data for M = 0.70 and 0.95 were obtalned from Langley high—
speed T— by 10—foot tunmel tests of a semlspan model. The data for
M = 1.00 were obtained from wing—flow teste of a smaller model. The
increased slope of the pitching-moment curves at the higher Mach numbers
is agein evident. At M = 0.95 the control effectlveness has been con—
siderdbly reduced and appreciable trim changee occur, but the vicious
changes 1n gtebility that are frequently menlifested by straight—wing
designs at supercritical speeds are sbsent.

The effect that sweepback can have on delaying the Mach number at
which significant trim changes and stabllity changes asre manifested 1s
further illustrated in figure 4. The stralght—wing design and the
tallless design are the configurations for which typlcal date have been
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presented. (See fige. 2 and 3.) The model with a 45° swept wing and tall
was an arblirary conflguration Investigated on the transonic bump. In
evaluating ths control settings required for trim =at the varlous Mach
numbers, appropriate flight plans at altitude were assumed for sach con—
figuration. It is Interesting to note the manner in which the initial
trim chenges have been postponed to higher Mach numbers for the swept
configurations and, 1In particular the extremely small trim changes
agsociated with the 45° configuration. Above their respective critical
speeds, both the straight—wing design and the tailless configuration
manifested irregular trim changes. It 1s deslirable to keep trim changes
as small as poesible, although the amount of trim chenge that can safely
be tolerated depends to a considerable extent on the type of stebllity

associated with (%%) « For the stralght—wing configuration two bouniaries
M

are presented for the paramster <-5—c%) at supercritical speeds. The
lower boundary is assoclated wlth the local flat spots in the plitching—
moment data previously discussed. (See fig. 2.) These flat spots extended
over & lift—coefficlent range of less than 0.1 and are relatively
unimportant for the particular fllight plan employed for this example,
inasmich as the minimm 1ift coefficient attainsd is about 0.2. The
response of the alrplane to disturbances necessary to effect accelerations
of the order of 2g or 3g 1s probebly more nearly assoclated with soms

velue between the two boundarles.

Tor the 35° swept design, this parameter is more precisely determinable

and does not chenge apprecisbly up to & Msch number of 0,88, although
it elso increases rather rapldly at the higher supercritical Mach numbers.

For the k5° swept configuration, changes in the parameter have bsen
delayed until a Mach number of about 0.95 has been reached and then

- (—?ﬁ) increases rather gradually. This comparison illustrates ths
M

need for employing a large degree of sweepback 1f trim and stabllity
changes 1in the transonic reglon are to be minimized.

oC
Two factors greatly affectlng the value of (ﬁ are the wing—
M

Puselage—aerodynamic—center position and the downwesh at the tall. The
manner in which these factors changed with Mach number for the stralight—
wing design and the 45° swept design are shown in figure 5.

The large variation in the local positlion of the wing-fuselage—
aerodynemic—center position | denoted by -~ ﬁ!: tall off) for the
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gtralght~wing design is immedlately apparent, and this variation is
reflected in the behavior of the tall-on results, although the magnitude
of the fluctuations has been decreased because of the increased tail
effectiveness effected by the reduction in de at the tail at the

40y,
supercritical Mach nunmbers.

For the 45° awept configuration, the wing—fuselage—aerodynamic—
center position varied only a small smount, and the increase in

ac
2 (tail on) at the higher Mach number was largely due to the

oCL, M
increased tall effectiveness caused by the reduction in downwash slope at
the taill.

Dynamic Stablllty

oC
The parameter (ﬁ) also influences to some extent the frequency
M

of the short-period longitudinal osclillation. Some computations for a
fow characteristic deslgne were made iIn order to observe the manner in
which thls quantity affected the dynamic stability characteristics, and
the resulte of the computations for a tallless deslgn Investlgated are
presented in Pigure 6. It 1s immedlately apparent that altitude has a
pronounced effect on the perliod of the oscillation and that ths period
becomes shorter as the speed Zs ijcreased. The period varles in a some—

what hyperbollc menner wlth O

%Ly

less thg.cn 0.05 the perlod willl increase veryrapidly, whereas for values
of I greater then 0.15 the period wlll change only slightly. The

- ﬁ;
M

importence of the freguency of the short—period oscillation will probebly

have to awalt £light experlence, lnasmuchk as 1t will depend to some extent

on the damping characteristice. It will be noted that while the damping,

as evaluated by the number of seconds to damp to 1/2 amplitude, depends

to & conglderable extent on eltitude and speed, 1t 1s 1lndependent of the

paremeter ﬁfm . It 18 influenced significantly, however, by the damping

go that for the velues -~ |——
(5

in pitch; and for alrplanes with a tail, the damping will be more rapid
than that indicated here. For a particular design the characterlistics
of the short-period oscillastlion can be rapidly evaluated Inasmich as one
needs only to determine the roots of the second-degree equation usually
asgoclated with this mode of the longltudinal motion.
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LOW—SPEED PROBLEMS

: Ons of the factors thaet has limited the amount of sweepback that can
be bsneficially employed on transonic designs has been the difficulty

of providing satlsfactory stabllity and control characteristice in the
landing condition.

Basglic wing characteristics.— At 1ift coefriclents prior to +that at
which separated flow ensues on the wing, the position of the asrodynamic
center of the wing can be estimated fairly reliably. The shift in the
aerodynemlic—center position that occurs et high 1ift coefficients is
less amensble to theorsticael computations, and numsrous experimental
Investigations have been concerned with thls effect. From the data
examined thus far it appears that aspect ratio and sweep angle are still
the two most important factors that influence the type of piltching—
moment varlation to be expected at the stall. The Pfamilisr masnner in
which sweep angle and aspect ratlo affect the character of the pltching—
momsnt veriation at the stall 1s 1llustrated 1n figure T, which is '
teken from reference 11. Conbinations of sweep and aspect retlio that
fall gbove the line on the flgure have been found to yileld the charac-
teristically unstable pliching-—momsnt veriation indicated. Other factors
such as airfoil section, wing taper, Reynolds number, and surface
roughnese have been found to influence the 1ift coefficient at which
Ingtebility l1s first manifested, but the ultimate variation st that
stall has still been found to be consistent with that indicated in

the figure.

While figure T reflects the behavior of plain wings, it has been
found that the addition of trailing—edge flaps has resulted 1In &n
unsteble pitching—moment varlatlon even for wlngs falling in the stable
region 1n filgure 7. A considersble mumber of investigations have
therefore been concerned wlth the development of devilces designed to
alleviate the tip stelling that is responslible for this behavior

(references 12 to 15).

Stall~control devices.— At the present time stall-control devices
have been successfully applied to wings with leading—edge swWeep angles
up to 42°. Some of the results of an investigation (references 12 and 13)
covering the effect of stall-control devices on the pitching—moment
characteristics of a 42° sweptback wing equipped with a split flep are
shown in figure 8. This wing has an NACA 64,—112 ssction and an aspect

ratio of 4. This investigation was conducted in the Langley 19—foot
pressure tunnsl at a Reynolds number of about 6,840,000. The basic
wing—fuselage combinatlion exhibilted an unstabie plichlng-—moment variatlion
at the stell. The addition of leading—edge flaps of the type indicated,
covering about 60 percent of the span,resulted in a stable break of the
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pitching—momant curve at the stall, and this type of leading—edge device

was the most satlefactory tested. Similar effects were also obtainsd

with 8 leading—edge slat arrangement which covered 60 percent of the -
span except for & small region of instability Just before CLmax' This

ungtable region was removed by the addltion of a fence located at the
inboard end of the slot. This effect 1s somewhat typical of fence
behavior. If loceted properly, fences, in gensral, have been found
helpful in minimizing local unsitable varietions in the pltching—momsnt
curve up to the maximum 11ft coefficient but do not apprecisbly affect
the ultimate character of the pltching-moment variation st the stall.

Effect of fuselage.— The percent span of leading—edge flap or slat
required to effect satisfactory pitching—momsnt behavior at the stall
depends somswhat on the size of the fuselage to which the wing is atbtachezd
and, to a lesser extent, on the posltion of the wing on the fuselage.

The effect is illustreted in figure 9 (reference 13). The configuration
represented by 0.575 leadlng~edge slote is the same wing configuration
dfgcussed in figure 8 and the fuselage 1s seen +to have little effect on
the character of pitching—moment variatlion at the stall. When ths

leading—edge flap span was Increased to 0.725%, however, the wlng-—

fugelage combinatlon was unstable at the stall; whereas ths wing alone -
gtill exhlblted favorable characteristics. Simllar results were obtained
for a high— and low-wing arrangement. It appears from tuft studles of
" these configurations that the flow over the fuselage delays the stalling
of the center sectlon to such an extent that iInitial separation again
began over the flapped portlon of the wilng.

Effect of tell location.— The additlion of a tall adds further
complications but, in general, it has been found that steble behavlor
of the resultant pitching moment at the stall ig moet likely to be
achieved when the basic wing—fusslage pitching moment exhiblts a steble
variation. The location of the tall, however, is an important considera—
tion and the effect of adding a tail to the wing—fusslage configuration

with 0.575% lsading--edge flaps and O.Bd% tralling—edge flaps l1s shown
in figure 10.

A study of these data indicates that the most satlsfactory pltching—
momsnt behavior at the stall was actually achieved with ths low tall
position by virtue of the decreased rate of change of downwash associated
with this taill location. This low position was close to the edge of the
wing wake, however, and may be obJectiocnable from other conslderations.

The more deaireble midtall locatlion possessed a local reglion of instabllity
Just before Cp which was removed by the addition of a fence.



1

NACA RM No. L8A28

CONCLUSIONS

In recapitulation, the followlng generallzations can be made:

1. The incorporation of large amounts of sweepback on both the
wing and the horizontal tall has been found to lncresase the Mach number
&t which trim changes and stabllity changes are first manifested and
to reduce greatly the trim changes and stebillty changes encountérsd
at supercritical speeds.

2. Longlitudinal stebility 1ln the landing condition has been attained
for configurations with sweep angles of the order of 145° utbllizing
various stall-control devices, but at the present time optimum arrange—
ments for these devices must be determined experimentally.

Langley Memorial Asronautlical Laboratory
National Advisory Committee for Asronautics
Langley Fleld, Va.
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