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RESEARCH MEMORANDUM

NOTES ON LOW-LIFT BUFFETING AND WING DROPPING
AT MACH NUMBERS NEAR 1

By Paul E, Purser
SUMMARY

A study of the availasble transonic Mach number data on low-1ift
buffeting, wing dropping, and changes in the angle of zero lift for
symmetrical airfoils indicates that these phenomena are allied and are
probably the result of shock-induced separation. The study has indicated
that there are combinations of airfoil-thickness ratio, aspect ratio,
and sweep which may allow flight through the transonic speed range with-
out experiencing buffet or wing drop at low 1lift.

INTRODUCTION

At transonic speeds, airplanes have encountered buffeting or skaking
of the airfreme which starts at low 1lift coefficients (reference 1)
rather than only at high 1ift coefficients near the stall, as has been
the case at low speeds. Also at transonic speeds, airplanes have encoun-
tered lateral-trim changes, or wing dropping (reference 2). Wing dropping
is evidenced to the pilot, as the airplane Mach number is increased, by
a sharp increase in the aileron deflection required to hold the wings
level or by the rather sudden occurrence of a rate of roll while the
ailerons are held fixed. Similar high Mach number wing dropping has been
noted in flights of rather simple rocket models (reference 3) in some
damping-in-roll investigations. During high-speed wind-tumnel investi-
gations of symmetrical airfoil sections and semispen wings (references k4
and 5) there have been noted changes in 1ift at zero angle of attack ,
which may be analogous to the rolling moments which cause the wing
dropping in flight. These tunnel tests have also shown, through tuft
and schlieren observations, the appearance of rough separated flow at
low 1ift coefficients which may be analogous to low-11ft buffeting in
flight.

The present paeper 1s a discussion of a brief study and comparison
made of the data in references 1 to 26 and some unpublished data in an
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attempt to obtain a better understanding of these traﬂsonic buffeting

and wing-dropping phenomens,. : o o T
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SYMBOLS AND DEFINITIONS B o

Mach number : o L . -
normal acceleration . . _ L mma et ST
1ift coefficient L . _ . .

section normasl-force coefficient - -

wing-tip helix angle, radians:

velocity along flight path, feet per second

angle of sweépbac¢k of airfoil quarter-chord line, degrees
angle of attack, degrees _
rate of roll, radians per second

alleron deflection, degrees - .-

airfoil-section maximum thickness parallel to free stream
direction, feet : - - _ -

airfoil-gsection chord parallel to free-stream.direction; feet

2 . . e e e
aspect ratio = o= R

airfoil span perpendicular to, free-stream direction, feet

airfoil area, square feet -~ -+ = - i

maximim girfoil-section thicknéess ratio measured in _
streamwise direction (used for wings tapered in thickness
ra‘tio) . - ..

Buffeting - general shsking of the airframe indiéafed throughiéense

of touch to pilot or through marked change in width and character of _ . .. .

record of normal acceleration-recording device (see fig. 1(a)). M. for

M
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b



NACA RM L5TA30

zero-11ft buffeting is determined from cross plot against M of Cg
at which buffet starts (see fig. 1(b)).

Wing dropping - lateral-trim change evidenced by marked increase
in aileron deflection required to hold wings level or by change in wing-
tip helix angle, (see Ffig. 1(c)).

DISCUSSION
Data
The deta have been obtained from several sources: full-scale flight
such as references 1 and 2, rocket-model tests such as references 3, 6,
and 7, and wind-tunnel tests such as references 4 and 5. A complete
listing of configurations, date, and sources is given in teble I.
Wing Dropping

Rocket models.- Some data from reference 3 on wing dropping experi-
enced by_rocket models are presented in figure 2 as curves of wing-tip

against Mach number M for 6-, 9-, and 12-percent-thick

pb
2V
NACA 65A series airfoils having no ailerons, flaps, or camber. Wing
dropping is evidenced for the 9- and 12-percent-thick wings by the sudden
change in g% at the lower end of the transonlc Mach number range.

The g% decreases- again to a low value before a Mach number of 1 is

reached; however, the present discussion is limited to the lower of the
two Mach numbers et which the change in g% occurs. The 6-percent-thick
wing showed no wing dropping at any Mach number up to the test 1imit of
1.4, The maximum-rate of roll for the 12-percent wing model was about

15 radians per second. Comparable wing dropping for a fighter airplane

would be a rate of roll of 1 or 2 radians per second.

helix angle

The deta from figure 2 and other rocket-model data are presented
in figure 3 as plote of airfoil-section thickness ratio t/c against
Mach number M. The Mach number at which wlng dropping occurred is
indlcated by a vertical arrow on a line drawn at the appropriate thick-
ness ratio. Where no vertical arrow is shown, no wing dropping occurred
up to the Mach number indicated by the end of the line or listed in
table I. The letters on the arrows and lines refer to the models listed
in teble I. The boundaries drawn through the arrows in figure 3(a)
indicate the combinations of wing thickness ratio and Mach number at or
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gbove which these data indicate low-1ift wing dropping to occur for . -
unswept wings. Insufficlent data for swept wings are available to
establish boundaries (fig. 3(b)). -

Although the scatter in figure 3 indicates that the varlables con-
sidered are not the only ones affecting wing dropping, i1t is evident
that decreases in thickness ratio and increases in sweepback tend to
eliminate wing dropping. These facts, combined with the lower values = : _-
of M and :7 for wing dropping shown for the wedge-type airfoils, T
which are usually considered to be more susceptible to separation
difficulties, indicate that wing dropping is probably a separation-
induced phencmenon. _

Wind-tunnel tests.- Wind-tunnel tests of symmetrical airfoils at
high Mach numbers have shown changes in 1lift at” angles of attack near
zero which appear to be snalogous to the changes in rolling moment which
must have occurred to produce the wing dropping noted with the rocket '
models. These 1ift changes are felt to be analogous to wing dropping
because, if a wing section is subject to abrupt 1ift changes induced by
separation, only. slight dissymmetry in construction or surface finish .
between the two wing panels would be necessary to tause the 1ift change
to occur on one wing panel first and thus result in an applied rolling
moment. Typical high-speed-tunnel data teken from references 13 and 16
are shown in figure 4. Only the 1lift characteristics of symmetrical
airfoils near zero angle of attack are shown in order to prevent ‘confusion’
between the 1ift changes felt to be analogous to wing dropping and those '
associated with transonic changes in camber effectiveness and lift-curve
slcope. The data in figure L4 show abrupt changes in section 1ift at high .
Mach numbers for both 6- and 19-percent-thick NACA 6 series airfoils, _
The sketches shown in the upper part of figure LI were drawn from schlieren
photographs tsken at the Mach number indicated on the curves. The
schlierens show asymmetric shock and separation on both airfoils. The -
separated reglon and the asymmetry of the shocks are both much wider for
the thicker airfoil. Iater unpublished schlierens show no such separation
or shock-wave oscillations for an NACA 658003 airfoil.

[

A plot is presented 1n figure 5 of thickness ratio against the Mach
nurber at which the 1i1ft at angles of attack near zerq_changed in the f"
tunnel tests. The rocket-model wing-dropping boundanx_for unswept wings o7
from figure 3 i1s shown on figure 5. for comparison and s simllar bpundary
has been drawn through the airfoil-section test data.' A comparison of
these two boundarles and a study of the data in reference 17 indicate
that reductions in aspect ratio have a relieving effect on 1ift changes
at angles of attack near zerc and, therefore, would probably also tend to

relieve the wing-drop tendencies. The fact that the finite- aspect-ratio T

wind-tunnel points bracket the rocket-model boundary may be fortuifous
but does indicate a.falrly close relationship between wing dropping iQn_
flight and changes in 1ift at angles of .attack near zéro in the wind
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tunnel. The sppearance of separated oscillatory flow in the schlieren

at the Mach numbers at which the 1ift change occurs indicates a probsable .
relationship between wing dropping and low-lift buffeting at transonic
speeds. -

Buffeting

Low 1ift.- Buffeting on airplanes in flight has been indicated by -
various means but the two most usual ones have been pilot feel and normal
accelerometers located negr the alrplane center of gravity. The study
reported in reference 1 indicates reasonsble correlation between buffet
boundaries established in flight by various means. These buffet bound-
aries are usually presented in the form shown in figure'l(b) as a plot
against Mach number of the 1ift coefficlent at and above which buffeting
occurs. The Mach number at which the buffet boundary (or a short
extrapoletion of it) intercepts the Cr, = O axis 1s considered in this
paper as the Mach number for low-1lift buffet. Some low-1ift buffet data
from full-scale flight tests (reference 1 and other sources) and from
rocket-model tests are presented in figure 6 as plots of maximum airfoil
thickness ratio against Mach number. The Mach number st whichk low-1ift
buffet occurs for each airplane or model is indicated by the start of
the waviness of the line drawn at the appropriste value of (t/c)max.

A straight line with no waviness indicates that no buffet occurred at
Mach numbers up to that indicated by the end of the line or by the
position of the identifying symbols (which refer to table I). Also
shown for comparison in figure 6 is the rocket-model wing-drop boundary
from figure 3(a). The agreement between the rocket wing-drop boundary,
the full-scale flight buffet points, and the one full-scale flight wing-
drop point for unswept wings (fig. 6(a)) indicates a probable close
relationship of low-1ift buffet and wing drop. The data for swept wings
(fig. 6(b)) show good agreement between full-scale and rocket flight
tests and again indicate that sufficient increase in sweepback or
reduction in thickness ratio may eliminate low-1lift buffet and wing drop
at transonic speeds. The elimination of low-1ift buffet by reduction in
airfoil-thickness ratio is also indicated by the correlation curve
presented in reference 27.

High 1ift.- The tests reported in references 6 and T indicated that,
glthough low-1lift buffet was eliminated for thin or highly swept wings,
the prestall buffet boundazy‘(near CLmax) still existed. Typical

buffet boundaries from wind-tunnel tuft tests and from full scale and
rocket flight-test accelerometer records are presented in figure T.
Comparing figures T(a) and 7(b) one may see a marked similarity between
wind-tunnel and flight indications of the change in character of the
buffet boundary when the wing is changed from one on which low-1ift
buffet exists to one on which low-1ift buffet does not exist. Although
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the data for nonbuffeting wings in figure 7 dre limited -to swept wings,
the buffet boundary for a thin unswept wing (model R, réference 6) is
very similar to thet shown in figure 7 for the swept wing, model T,

and, -thus, indicates the same change in.character of the buffet boundary

when the wing is changed to one which does not exhibit low-1ift buffet.——

It is probable that the transition between the two types of boundary
would be gradual as the sweep was increased or the thickness reduced
but sufficient dats are not available to indicate this directly. T

CONCLUDING REMARKS - . oE s

A study of the available transonic Mach number data on low-lift-
buffeting, wing dropping, and changes in the angle of zero lift for
symmetrical sirfoils indicetes that these phenomens are sllied and are _
probably the result of shock-induced separation. Thke study has indicated
that there are comblnations of airfoil-thickness ratio, aspect ratio,
and sweep which may ellow flight through the transonlc speed range
without experiencing buffet or wing drop at low 1ift.

Langley Aeronautical Lgboratory : 2 c e e D

National Advisory Committee for Aeronautics - : : —
Langley Field, Va. . = T
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LON-LTFT BOFFET AM) WING-DROE DATA

Molel ar Srnsy, Alrfoll sections Mach m(h) s
Bymbol alrplane pect | Aepn | (Hedmax Low-2i% Rnfe
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: baffet
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LOW-LIFT BUFFET AND WINO-UROF DATA ~ Cootlooed

Modsl on Sweep, iirfoii sections {p)
Syebol sirplane Aspact Acfly (£/c)max Eefarence
ratio A Low-111t Wing-~
(a) {2ag) Root p brtret drop
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LOW-LIFY BOFFET AND WING-DROP DATA - Contimed
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LOW-LIFT BUFFET AND WING-DROP DATA - Concluded
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(b) Buffet boundaries.

Figure 1.- Illustration of terms "buffet” and "wing drop" and Mach numbers
at which they occur.
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Figure 2.- Typleal rocket-model wing-drop data. NACA 65A series airfoll;
A = 3.T: A = 0. Data from reference 3.
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_ NACA RM L51A30

Wedge=type  Smooth-
airfoll contour -
alirfolls

No wing dropping

...__._._._* —-——* Wing dropping -~
A

.12
B o
.08
e N - D2
M. 1~ SR A X

.04

]

8 9 1.0~ 1.1 1.2
M = :
(a) Unewept wings, A/ < 20°.
.12
34°
- 48° 459 %u—f '
—- -k : : K 45°
e _ _ -
.08 : 3 0340
30° 45° 45°
te/odax g, L, M
.04
' | =
o ; /
.7 8 g 1.0~ 1.1 1.2
H

Figure 3.- Variation with airfoil-thickness ratio of the Mach number for

wing dropping as determined from rocket-model testg.
to table I.

(b) swept wings, Ac/ly > 20°,

Symbols refer .
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Figure 4.~ Typical lift-change data from wind-tunnel tests. NACA 6 series
airfoil sections. Dats from references 13 and 16.
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Figure 5.- Variatlon with airfoll- thickness ratio of the Mach number for

change in 1ift at zero angle of attack from wind-tunnel tests. Symbols -

refer to teble I. Models g through k are finite aspect ratio, all
others are alrfoll sectlons.
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Figure 6.~ Variation with airfoll-thickness ratio of the Mach numbers for
low-1ift buffet and wing drop from full-scale and rocket-model flight
tests. Symbols refer to teble I.
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— NACA RM L5LA30
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Figure 7.- Typical 1lift coefficilent Mach number boundaries for buffeting -
Model designations refer to table I.
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