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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1719

* FLIGHT MEASUREMENTS OF BUFFETING TAIL LOADS

By Allen R. Stokke and William S. Aiken, Jr.
SUMMARY

The magnitudes and frequencies of buffeting loads on the horizontal
tail of a fighter—type airplane have been determined in flight for
Mach numbers to about 0.80. Conditions of flight under which buffeting
of the horizontal tail occurs have also been determined.

For the test alrplane, buffeting of the horizontal tall occurred
gsimultaneously with the attainment of maximum normal force at Mach
numbers below about O0.64. Above this value of Mach number, buffeting
occurred before the attainment of maximum normal force. In the range
tested, Reynolds number had no apprecisble effect on the buffeting
boundary determined in abrupt pull-ups. The buffeting tail—load increment
for constant dynamic pressure decreased as the flight Mach number was
increased to 0.8. The data indicate that critical combinations of buf-—
feting and maneuvering tall loads that are above the limit load and approach
the design load for the horizontal stabillzer may occur in low-altitude,
low—speed flight with rearward center—of—gravity positlons at limit design
acceleration values.

INTRODUCTION

Airplanes operating at high subsonic Mach numbers have encountered
tall buffeting of sufficient magnitude in maneuvering flight to be
obJectionable to pilots and possibly to endanger the airplane structure.
Some previous study has been made of the buffeting problem (see
references 1 to 3); however, little of the available data was directly
applicable to the estimation of buffeting tail loads for design purposes.
A preliminary invesgtigation of buffeting tall loads was accordingly
propoged as part of a program of aerodynamic—loads research planned cn
a high—sgpeed fighter—type airplane. The results of this investigation
are presented herein.

Studies have been made to determine the magnitudes and fregquencies
of the buffeting tail loads at several altitudes for Mach numbers to 0.80.
The critical combinations of buffeting and maneuvering tail loads have
been agcertained by a comparison.with the limit—load and design—load
conditions for the horizontal tail.
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SYMBOLS

airplane weight, pounds

wing area, square feet

loed Pactor; alrplane normal acceleration at center of
gravity (measured perpendicular to thrust line),
g units ,

dynamic pressure, pounds per square foot

horizontal—tail area, square feet

Mach number

airplane normal—force coefficient (oW /gS)

balancing tail load, pounds

incremental taill load due to tail buffeting, pounds

pitching-moment coefficient of wing—fuselage combination
at zero 1ift

mean aerodynamic chord, feet

distance from wing-fuselage aerodynamic center to horizontal—
tail center of pressure, feet

distance from airplane center of gravity to wing—fuselage
aerodynamic center, feet

APPARATUS AND TESTS

Airplane

The horizontal tail, fuselage, and wing of the high~speed fighter—
type airplane used in the investigation were heavily reinforced in order
to provide an extra safety margin against failure in the investigation
of buffeting loads. A three—view drawing of the test airplane is shown
as figure 1; the pertinent characteristics are given in table I.

Instrumentation

Impact pressure, pressure altitude, and normal acceleration were
measured as functions of time with standard NACA recording Iinstruments.
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The airspeed head was mounted on a boom extending 1.2 chords ahead of the
leading edge of the wing near its right tip, and the NACA airspeed—ealtitude
recorder was located in the right wing to minimize lag effects. The
alrspeed system was calibrated for position error up to a Mach number

of 0.78; this calibration made possible the determination of the flight
Mach number to within +0.01.

Meggsurements of the shear on the horizontal tail were made by
meang of wire—resistance strain gages wired in four—erm bridges and
attached near the roots of the front and rear spars on both the left
and right stabilizers. Strains were recorded as a function of time by
a multiple recording oscillograph employing galvanometer elements of
100—cycle—per—second natural frequency damped about 0.6 of critical
damping. This combination of damping and frequency ensured approximately
linear respongse for the buffeting frequencies expected. The strain—gage
installation was calibrated periodically by applying known loads to the
tail of the airplane. The accuracy of the measured buffeting tail—load
increment is estimated to be within 100 pounds.

Accelerations at five spanwise locations on the horizontal stabllizer
were measured by means of Statham electrical accelerometers. The acceler—
ometers were placed near the chordwise center of twist at semispan stations
on the left and right stabilizers of about 0, 38, and 72 inches. The
measurements were recorded as a function of time on a multiple recording
ogcillograph.

Tegts

All tests were made with the airplane in the clean condition. Normal
rated or maximum attainable power was used in 43 of the 49 runs made.
Abrupt stalls were made at pressure altitudes of 10,000, 20,000, and
30,000 feet at Mach numbers from 0.21 to 0.63. In these stalls the air—
plane was pulled up abruptly, the degree of abruptness being limited by
the inertia, control power, and stability of the alrplane. A series of
gradual stalls was also made in turns at 30,000-foot pressure altitude
at Mach numbers from 0.33 to 0.65.

For Mach numbers from 0.64 to 0.80, maximum 11ft coefficlents were
not reached in the pull—ups. In this speed range, the airplane was
pulled up through the buffeting boundary until a prescribed value of
acceleration was reached. At this point, recovery from. the pull-up was
made. Pull—ups in this speed range were made somewhat more slowly than
those in the speed range for Mach numbers from 0.21 to 0.65.

RESULTS AND DISCUSSION

Three typical load—factor time higtories obtained in abrupt pull—
ups are shown in figure 2. Point A in each time history represents the
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point where buffeting started; point B, the point of peak mean load factor;
and point C, the point where buffeting stopped. In figures 2(a) and 2(1b)
the first two points coincide; whereas in figure 2(c) the peak mean load
factor occurs after buffeting starts and between points A and C. The
conditions of flight in which buffeting may be encountered have been
determined from data of this type.

Typical strain—gege records of buffeting flight are shown in figure 3.
The ordinstes are the strains at various points in the airplane structure;
the absclssas are the time. Points A, B, and C represent the same con—
ditions as in figure 2. Figure 3(a) corresponds to figure 2(a) with
points A and B coincident. Figure 3(b) corresponds to figure 2(c) with
point B, the peak mean load factor, occurring after the start of buffeting
at point A. The buffeting increment in tail load may be defined as the
additional value of load superposed on that load required to balance the
alrplane. This increment is indicated in terms of straln—gage deflection
in figure 3(a). The strain at any point in the structure at any time ia
proportional to the load on the structure at that time. The magnitudes
and frequencies of the buffeting tail—load increment have been determined
from data similar to those of flgure 3.

Buffeting Boundaries

Those values of airplane normal—force coefficient corresponding to
the beginning of buffeting, or to points A in filgure 2, have been plotted -
in figure 4(a) as a function of Mach number for the pull-ups made in this
investigation. The values of normal—force coefficient decrease for
Mach numbers increasing from 0.21 to 0.48. The normal—force coefficient
then increases to a secondary peak at a Mach number of 0.57 after which
it again begins to decrease. As noted previously, in the lower Mach
number range the peak mean load factor occurs gimiltaneously with the
start of buffeting; that is, points A and B are coincident. (See fig. 2.)
This peek mean load factor corresponds to the maximum airplane normal-—
force coefficient for the maneuver. The secondary peek in the buffeting—
boundary curve is characteristic of the varlation of the maximum normal-—
force coefficient with Mach number for low—drag airfolls. Consideration
of the characteristics of low—drag airfoils indicates that the secondary
peek is caused by the broadening of the upper—surface low-pressure region
which offsets the reduction in the negative pressure peek as the Mach
number increases. With further Mach number increase, the decrease in
the negative pressure pesk more than accounts for the broadening upper—
gurface pressure, and the maximum normal—force coefficient again begins
to decrease. '

A gecondary buffeting boundary corresponding to gradual stalls of
the airplane occurred at normal-force coefficients below the maximum
values attainable. Data measured in turns of increasing tightness are
given in figure 4(b). The trend of these data is the same as that of
the maximum normsl—force values corresponding to abrupt pull-ups. Other
investigations (references 4 and 5) have demongtrated that the maximum
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1ift coefficient depends on the rate of change of angle of attack. It
can thus be inferred that in the lower speed range a family of buffeting
boundaries or maximum-normal—force lines exists between the boundary for
gradual stalls (corresponding to wind—tunnel messurements) and the
boundary for the abgsolute maximum normal-—force coeffiliclents attainable.

At Mach numbers above O.6h, buffeting begins before maximum normal
force is reached. (See dashed part of curve in fig. 4(a).) Between the
limits defining these two conditions lies a region in which at any point
the airplane is subjected to superposed buffeting tail loads. It is
noteworthy that the buffeting loads in this higher speed range have a
different origin than those in the lower speed range. The buffeting at
the lower speeds arigses from the turbulent wake behind a completely
stalled wing, whereas buffeting at the higher speeds arises from the
turbulent wake behind a wing partially stalled as a result of compressi—
bility shock.

Within the limits of the date shown in figure 4(a), altitude and
hence Reynolds number have no effect on the maximum normal-—force coef—
ficient and the buffeting boundary as determined in abrupt pull-ups.

The results of figure 4(a) may therefore be presented in terms of acceler—
ation or load factor as functions of altitude and Mach number. The
results of such a conversion have been plotted in figure 5 for pressure
altitudes from sea level to 40,000 feet. As seen in figure 5, at a
pressure altitude of 40,000 feet the airplane is capable of only the
mildegt maneuvers and would be subJected to buffeting in level flight

at a Mach number of about 0.79.

Buffeting Tail Loads

Mggnitude of buffeting tail loads.— The magnitudes of the buffeting
tail—load increments were determined from time histories, such as are
shown in figure 3, by choosing the maximum strain amplitude from each run.
The amplitudes were then converted to half-emplitude resultant loads.

The positive and/or negative tall-load increments ALty so determined

were converted to buffeting coefficients by dividing by the dynamic
pressure and the tall area. This coefficient was then plotted in figure 6
as a function of Mach number for pressure altitudes of 10,000 and

30,000 feet for both abrupt and gradual maneuvers. This method of
presentation was chosen since the primary variasbles of stall angle of
attack and dynamic pressure were indirectly taken into account (reference 1)
because the maximum normal—force coefficient, and hence the stall angle

of attack, 1s a unique function of Mach number.

From figure 6, it may be seen that the buffeting load coefficient
tends to decrease with Mach number and the scatter of the data appears
about the same for the two test altitudes and the two types of maneuvers.
Since the scatter cannot be accounted for by inaccuracies in measurement,
the scatter is believed to be due to the fact that the unstable wing flow from
which buffeting tail loads arise is aperiodic., The trend of the coefficient
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to decrease with increasing Mach number as shown in figure 6 is in
qualitative agreement with the conclusions of reference 1 since
inspection of figure 4 ghows that the normal—force coefficient, and
thus the stall angle of attack, tends to decrease with increasing
Mach number. Of passing interest is the maximum buffeting tail—load
increment measured which was *2500 pounds, corresponding to a Mach
number of 0.60, a dynamic pressure of 162 pounds per square foot,
and & buffeting load coefficient of 0.376.

Tn order to extrapolate the results beyond the test conditions,
an envelope line has been drawn through the upper points of the data.
Of the points determining this line, only one was at a test altitude
of 10,000 feet. Usge of this upper limit of the data as a basis for
the estimation of buffeting tail loads at other altitudes is thus
congidered conservative.

Character of loads.— The results of high-speed wind—tunnel studies

indicate that the frequencies in the wake of a wing extend over a wide
range of values. Analysis of the buffeting data from the present
investigation shows that certain frequencies are selected by the
horizontal tail from the frequencies available. Average values of
these frequencies which appear more or less concurrently throughout

the speed range of the investigation are listed in table IT together
with the natural frequencies of the pertinent components of the test
airplane as measured by vibration tests. It will be noted that the
four lower frequencies found in the tests are approximately equal to
the four lower natural frequencies of the airplane structure (that is,
fuselage torsion, wing bending, horizontal—tail symmetrical bending) .
The relationship between buffeting-load frequencies as megsured and

the natural frequencies of various airplane components has also been
established in a comparable Mach number range for a research—type dir—
plane. The greater load amplitudes were found to be associated with the
three lower frequencies. Amplitudes of the other frequencies appearing
were secondary. With normal rated power, 25 out of 28 cases examined
indicated that the buffeting loads of greatest amplitude on the tail
plane were out of phase from left to right sides. For throttled engine
operation, the loads were in phase from left to right sides in four out
of six cases examined. This fact indicates that engine operation is
instrumental in causing the flow to separate on one gide of the wing
before it geparates on the other. Qualitatively the reaction of the
tail—fuselage combination to the disturbed flow from the wing depends
on the way in which the flow breaks down. If the flow breaks from both
wings simultaneously, or almost so, the tail may vibrate symmetrically
or a few degrees out of phase at its own natural frequency in symmetrical
bending. If, however, the flow bresks first from one wing and then the
other, the empennage should react at its lowest agymmetrical frequency
which is, in this case, the first torsional mode of the fuselage—
stabilizer combination.
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Egtimation of aerodynamic loads.— Since the mass distribution of the

horizontal tail is known and the acceleration distribution along the span
has been measured (see section entitled "Instrumentation") as a function
of time, the resultant buffeting taill load may be corrected at any time for
the relieving load due to inertia to obtain the aerodynamic buffeting tall
loed. Incremental aerodynamic buffeting tall loads have been calculated
by this method for a limited number of runs and are shown in figure T as

a function of the incremental resultant buffeting tail loads. The results
are for either left or right side as indicated. The data include points
with power off and power on and at two different altitudes. The results
indicate that the inertia of the tail plane relieves the aerodynamic
buffeting increment by about 35 percent. It should be noted that the
results are based on inertia loads calculated for frequencies lower than
25 cycles per second. The relieving effects due to the higher frequenciles
cannot be estimated accurately although they are believed to be secondary.

Comparigon- of resultant buffeting tail loads with limit tail load.—
The meximum resultent buffeting tail—load increment measured of 2500 pounds
is less than half the limit load of 5570 pounds (that load at which the
gtructure yields) of the horizontal stabilizer of a standard fighter—type
alrplane (without the reinforcement added to the test airplane). It 1is
apparent that measured buffeting tail loads alone are not of sufficient
magnitude to cause fallure; however, combinations of the buffeting tall—
load increment and the maneuvering tail load may possibly exist that
exceed the limit load.

Regultant buffeting tail—load increments and the maneuvering tail
loads for steady curvilinear flight along the buffeting boundary have
been plotted in figure 8 for pressure altitudes from sea level to
40,000 feet. The resultant buffeting tall—load increments shown 1n
figure 8(a) have been calculated from the envelope line of figure 6. As
was pointed out previously in connection With figure 6, uge of this
envelope line for extrapolation to other altitudes is congldered conserva-—
tive. The tall loads for steady curvilinear flight shown in figure 8(v)
were calculated from the balancing tail—load equation where

Sc oWd

—-—.'..',.————-

Ly = € S
1 — M2 x

m)

The values of CInO eand d used were estimated from recent results of

tail—load measurements on the test airplane at the same center—of—gravity
position (25.1 percent M.A.C.); the values of n were obtained from
figure 5. From figure 8, critical conditions are seen to exigt at high—
speed sea—level flight and at medium—speed gea—level flight. Inherent

in the design of any airplane are certain physical limitations which

the pilot must observe. The flrst of these limitations is a value of
normal scceleration beyond which the pilot must not pass. For this
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test airplane with its take—off weight, the limit is T.22g. A line
indicating this limit is drawn in both figures 8(a) and 8(b). A second
limitation is one of maximum permissible diving speed. For this airplanse,
the true permissible diving speed 1s 537 miles per hour. This limit is
also indicated in figures 8(a) and 8(b). The crosshatched area represents
operation beyond these two limits. The assumption that the pilot stays
within airplane restrictions alters the situation considerably, inasmuch
as the most critical condition is now at sea level at a Mach number

of 0.37 where the maximum sum of the two components 1is 6800 pounds which
ig above the limit load of 5570 pounds. With this conservative method

of extrapolation, combinations of the resultant buffeting tall-load
increment and the maneuvering tail load that are greater than the limit
gtabilizer load exist for accelerations within the V- diagram for alti-—
tudes near sea level. Without the relieving effect of the tall inertia,
the combination at a Mach number of 0.37 produces an aerodynamic load

of about 9400 pounds. Moving the center of gravity to its maximum
allowable rearward position of about 32 percent mean aerodynamic chord
adds about 1700 pounds to the total tail load at a load factor of 7.22g.
This addition to the combination of resultant buffeting and maneuvering
tail loads would raise the critical combination to about 8500 pounds which
is sbove the design or failure load of the horizontal stabilizer. Values
of the combination of buffeting tall load and maneuvering tail load that
are greater than the limit load exist for operation at T7.22g with the
center of gravity at 32 percent mean aerodynamic chord for all altitudes
below about 22,000 feet. It 1s apparent then that, based on this
congervative extrapolation of the test results, the critical combination
of the buffeting tail—load increment and maneuvering tail load occurs at
gea level at the lowest speed at which the limit design acceleration can
be attained — the center of gravity being located at its maximum rearward
position — and that this load is of sufficient magnitude to cause fallure
of the horizontal stabilizer.

SUMMARY OF RESULTS

Pertinent results of the buffeting investigation which apply to the
test airplane are summarized as follows:

At Mach numbers below about 0.64%, buffeting of the horizontal tail
occurred simultaneously with the attainment of maximum normal force. At
higher Mach numbers, buffeting occurred before the attaimment of maximum
normsl force. Reynolds number had no appreciable effect on the maxImum
normal—force coefficients and, hence, the buffeting boundary determined
in abrupt pull—ups. .

The magnitude of maximum buffeting tail loads for unit dynamic—
pressure values decreased with increasing Mach number. The magnitude .
of the buffeting increment itself was not sufficiently great to cause
failure. The relieving effect due to inertia of the tail plane reduced
the aerodynemic buffeting tail—load increment about 35 percent.
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Buffeting frequencies selected by the horizontal tail from the range
of frequencies exigting in the disturbed wing flow corresponded to basic
frequencies of the alrplane structure. The buffeting loads were both
gymetrical and asymmetrical, the buffeting loads being predominantly
asymuetrical 1n character during powered flight.

Critical combinations of buffeting and maneuvering tall loads that are
above the limit load and approach the design load for the horizontal
gtabilizer may occur in low-eltitude, low—speed flight with rearward center—
of—gravity positions at limit design acceleration values.

CONCLUDING REMARKS

Further study of the buffeting phenomenon, including tests to
determine the effect of altlitude and structural frequencies on the
magnitude of buffeting teil loads, 1s necessary; however, until these
effects have been determined, the followlng general trends are believed
to be applicable to airplanes having a conventional (tail behind wing)
configuration:

The magnitude of maximum buffeting taill loads for congtant dynamic—
Pressure values may be expected to decrease with increasing Mach number,
at least to a Mach number of 0.8. The critical combinations of buffeting
and maneuvering tall loads will probably occur at low operating altitudes
at the lowest speed at which the 1limit design acceleration can be attained,
the center of gravity being located at 1te maximum resrward position.

The buffeting frequencies selected by the horizontal tail from
the range of frequencies existing in the disturbed wing flow may be
expected to correspond to basic frequencies of the alrplane structure.
The buffeting loads may act either symmetrically or asymmetrically
depending on the way in whlch the disturbed flow originates.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., June 4, 1948
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TABLE T

CHARACTERISTICS OF AIRPLANE

Wing:
SDEN, Tt v v v e e e e e e e e e e e e e e e e 37.03
Area, 8¢ Tt & v v v v v v e e e e e e e e e e e e e e e 240.1
Mean aerodynsamic chord ft e e e e e e e e e e e e e e e 6.63

BiPFOIL v v o 4 o o o o o o e o o o o o s 4 s e e e o s o« Lowdrag

Horizontal tail:

SPAN, FL v v v v v e e e e e e e e e e e e e e e e e e e 13.18
= T 41.0
Incidence, A6 + « + o ¢« o ¢« o ¢ o & o o o 0 e s e e . e e 1
Welght at take—off, 1D v & & v o o o o = o o o o o o o o o o s 8850

Center—of—gravity position (at take—off),
porcent MLALCu v v v o o o o o o 0 s 0 s e 0 e o e e e e s 25.1

TABLE TIT
FREQUENCY CHARACTERISTICS

Buffeting frequencies (determined from straln—gage
measurements on horizontal tail), CPS « + + .+ . . 9,11, 23, T0, 130

Natural frequencles, cps

Wing:
Primary bending . « « ¢« » ¢ ¢ ¢ ¢ o o @ s o e 0 0 e s e 0 e 11.9
Asymmetric bending . . « ¢ « « o ¢ o e e e e e e e 0w e o 22.3
Primary tOrsion . « o o« o o o o o o o o o 0 o 0 0 00 . 37.4

Horizontal tail:
Primary DOnding « v « « o o o o o o o o 0 0 0 v o s a0 . e 23.6
Asymmetric bending . + « o « + o« s o o o o e 0 o e o 0.« 679
TOrBLON » o o o o o o o o o o o o o o o v e v s o s oo >T0

Fuselage:

TOrS1OM « » v o o o e e v e e e e e e e e e e e e e e e e 9.8
Bending (s1de) OO 14



12 ' NACA TN No, 1719

' " o
32 J;g ,]

_ fuselage
reference /e

- Wirg
g\\ 25-percent-
chord linhe

Figure L— Three-view diagram of Jesr amplane,




13

NACA TN No. 1719

422/ 0000 4O 2pPniiljo

UD LD SOn-ynd 1aniqo Wi §40420/ POO/ [DWA0U [O SELIOLSIY U} [0~ 2 3nbls

298 ‘9wl 298 ‘ouwir/ , 208 ‘owsty
| A AN — ¢ 4 0 r~z 1 9 1/
"890=W () £90 =W (@) "ZH0=W P)
/
2
g ‘v

$A0LS OULELNSg 9

L0420 POO) MOS &

SII0LS OUILILNG b
UOILONILINYY

A0 8nj/on uospy —---

Spun B v aopn) o7




1k NACA TN No. 1719

i
v e Gt e W e -#t--q - en e o v ® W
- .. o - - - - - r-,--.-.x.-- - o & ® oo
: H
¥ .
. _,] . Voo
- aiselacs. ‘."GE! o Lo goages 2 . = e res i

v«ﬂ#ml”’“‘\ , 'I/‘
ww\v"\ ’ ‘V'E ‘

-.———-—--_—Q—

' “NACA
(b) M = 0.70; pressure altitude, 30,000 feet.

Figure 3.— Typical strain—gage records in abrupt pull—ups.




15

TBUDJTLHO [SIL 404 SIJOLS JONPLIE PUD JANIGD Ul pautDLGo S3/40LUNOT bUILE4InG - 4 24nbl4

TSUMNL UL SIDLS [onpDd D () “san-ynd Laniqy ()

W d2quinu Yooy W Gequiny 4oopy

NACA TN No. 1719

5

L

2 &

"

£

TR

o7

Z7

i

97

&/

YW Cuzia14205 22.40)~1oLdON 2ubiOUy

& L 2 < 4 £ Z
q 000‘0/ v
Q 00007 N
\ 0000 oo
o8 ¢
G 14 ‘2niy0
/o DANSSId
o Sanynd Ul payad YN 305 >
o\ SAoLS bUI2I NG o
o, wmn_ SpayS buitajing Avo
s
S5\
N

T

(o)

or

Z/

v

9/

g7

A

VN> puoroyj202 22404 -Iouiiou UDcary



16 " NACA TN No. 1719

20
- Pressure
8 Ititude, 1
/6 ' / \ |
. /
K /
S | \
N /4
: I
Q
S / 10,000 \
S %
£ Design load factor,/082g AN
- Q / / \
S 0 ! i
W / / )
8 / / \\ \
N\ // ‘\ \
8 g s z 2= QO .
£ Limit load /! AN \_X
< £ A 7 - AN TRY
S actor, 7229 % , / \
< 6 ! / // / \\ \\\
AP ARZEAEZZZRN
- e——— |
4 ,/ A ) // ) V \\\ \
7 // AN A}
/ ,// A ] #0090 AN
AT T L BN
2 = | -~ 4~ i
//. o 1 \\\
O | 1

v 2 .3 AL 5 N2, 7 .8
Mach nurmber; M

Figure 5. —Bufteting boundaries at varous allitudes
for test awrplanc.




NACA TN No. 1719 : 17

®

i

/

O
O

N

O
ne

8 o
G
fo)

0O D¢
ot

/

;

N
O
0
0
o)
ffyv
le

Fressyre  Maneuver a
allitude,ft o
o 30,000  Full-ups 5 o
L o 30,000  Jurns o
o /0,000  Pullups P

Maximum positive or negative incremental
buffeting tail load coefficient, ALfb/g S#
- . . A . _
O
o)
7

O 1 1 1
S Z 3 <+ S5 1 7 8

Mach number, M
Figure 6.=Maximum incremental buffeting tail load
coefficient as a function of Mach rnurmber for fest
airvlone.



18 NACA TN No. 1719

2000

/500 ‘ d

/000

300

o Lert siae
o Fight siae

Aeroaynamic burfeting tail-load increment, /b
©

0 | 500 1000 /500
resulfant buffeting Tail-lbad ncrement, /b

Figure 7.— Comparison of aerodynamic and resultant
buffeting tail-load increments for rest airplane.

)




NACA TN No. 1719 19

12,000

~

2

S
S

 Design load

. w81 Sty
LI LYV v

I777K7 777 /I,
0

17 Acceleration

///A of 722g 5/@

S
QO

butfetng tal bad, ALty b
S
8

Maximum positive or negatve incremental

Lt load :
L
4000 A 1A W /€
I M R R s v 2 e
ST Lt ave Speed =
2000 / D S B S =N
I e e ]
0 1]

0 J | 2 3 A 3 Nz 7 8
Mach rumber, M
(o) Buftetmg tail tead.

o0 I —
Acceleration | .
3 2000 o 22 = "”Zﬁ% 7 7
N B e
§ ’ e e e e e
~ N
B | Fressure alfitudk, Ft 3
Q — 0 | |
§ 2O = /0,000 Limit dve speed —|— %
3 [ —— e 20,000 =B
S e 30,000
R 40,000 \
~NACA
_MOO ] 1 {
O J A 3 < ro) N7, 7 &
Mach rumber,M
(b) Batancing tal load.

Figure 8 .= Eshmated buffeling tail-load mcremenits and maneu=
verng tail bods along buffeting boundaries for several olfituaes.



