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NATIONAL ADVISORY COMMITTEE FOR AFRONAUTICS

MEMORANDUM REPORT

for the
Alr Technical Service Command, Army Air Forces
SOME FLIGHT MEASUREMENTS OF PRESSURE DISTRIBUTION
DURING TATIL BUFFETING

By John Boshar
UMM ARY

Results are presented of pressure-distribution
measurements taken over the horizontsl tail surfaces of
a Curtiss P-lOK airplene during several low-speed pull-
ups to abrupt stell in which tail buffeting was exper-
ilenced.

The results indicate 1n general that the chordwise
load distributions obtained during buffeting are of the
type usually associated with angle- Of-attoCK changes,

In the early part of the stall the center of buffet;vg 18
concentrated on the inboard sections of the tail while
after the stall has spread spanwise on the .wing the whole
tall is enveloped. The average value of the lrnerement in
the tail normal-force coefficient due to buffeting was
0.25. The frequency of the pre-stall disturbances and
those after the stall differ; both fluctuations appeear
regular enough to promote resonant conditions if the tail
were of the proper frequency. :

INTRODUCTION

One aspect of the buffeting phenomenon about which
the designer of the airplane structure has considerable
concern is the effect of the magnitude and distribution
of the buffet load increment on the design of the hori-
zontal tail surfeaces. Although s breakdown of flow over
the wing may be experlenced at many points of the flight
envelope (reference 1), buffeting which ‘occurs at the
upper left-hand corner of the V-n diagram has received
more attention from the tail loads viewpoint because here
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the buffet increment superimposes on an &l ready gn

qv531-rtatic balance load. Tail load measurements during
brupt stalls at low speeds and dCCele”dtLOQS have heen

vc“orucd in reference 2, but thv chordwise and spanwize

distributions of load mhlcn would be aids to the under-
stending of the mechanics of the buffeting have not been
determined.,

During an investigation of tail loads
for the A&lr Technical Service Command on a Curtiss F-1OK
airplane, some pressure measurements were recorded during

low-~speed msneuvers in which severe tail buffeting oceurred.

These maneuvers were incidentel to one of the hases O

the test program, and not for an investigatic n of.the buffet

phenomenon as such; however, the instr uments elready in
the sirplane were such that both chordwise and Spanwise
distributions of the buffeting load increment over the
horizontal tail could be determined.

Accordingly, this ygoe I
chordwise and soanv*se distribu
horizontal btail surfaces during
isolated pressure measurements &
two snaprolls.,

ents the results of both
s pressure over the

‘upt stells and

orifices during

B

APPAR ATUS

Lirplane.- A three-view line drawing of the Curtiss
p-L 0K airplane used in the tests including a list of somne
of its geometric characteristics is shown in figure 1.
The horizontal tail surfaces of the airplanse were equippe
with a number of orifices installed opposzite cach other
to measure differential pressures between tiae upner and

lower surfseces.

Pre ssure-mesasuring apperatus.- The instrumentation
for measuring pressures consisted of manometers which
measured the pressure distribution during two of the runs
snd some specisl pressure cells wihich were used to obtein
expanded records of pressures at four orifices during the
other  twe runs.

The pressure-distribution measurements were ohtainsd
st six spenwise stations on the risht side of the tall an
at one midspan station on the left side at the prifice
locations shown in figure 2. ‘The variation ol pressure

being con*ucteﬂ
C

d



Yy
=
=g}
b=
<=
O
°
)

J1
c
(€]
G
\H

with ftime for each orifice was photographically recorded
on a film whose travel was approximately l/u inch per
second. The individual mancmeter cslls ar

iz

e so constructed
thet they have a volume of approximately Q%2 eubic. inth
on the pressure side and about 1.2 cubic inches on the
static side. The tJ?¢né conneculuo oriflees and cells
was of 5/)2 inch inside diameter "and varied in length from
to 12 feet so that the volume in the pressure lines
varied from 1.7 cubic inches to 3.l cublic inches Hinceneral;
the tubing going to the upper and lower surfaces weve of
the same lenoth for sach orifice.

In the runs cduring which the expanded pressure records
re obtained, the orifices used were chosen on the basis
t they were g00d indices of the loads on the tall sur-
aces in unstalled maneuvers, These four orifices are
shown circled fin figure 2, Pressure cells were used which

! o : i1 7
had a film speed travel of 1§ inches per second, much higher

than the speed. thie pressure-distribution apparatus

was
capable of. The pressure cells were pleced in the tail eone
of the fuselage to obtain a minimum of lag end the pressure
lines connecting each orifice were balsanced.
Miscellsneous instiruments.- Duri ng the tests standard

N&CA instiuments wers used to record the following quan-
tities against time:  the airspeed, elevator and rudder
control positions, elevator sticl: force, normal acceleration
gnd "the angular veloclitles 1in pitch, roll, and yaw. 4

timer was connected into the circuits of all instruments

to 'dyrchronize the reccrds.,

+—J

J
w
-3
03]

The tests reported herein consisted of four runs per-
formed from power-on steady flight at a u‘esqu e altitude
of 10,000 feet. Runs 1 and 2 were syrmetrical null- ups to
worunu stalls at indicsated speeds of about 110 and 160
miles per hour. Runs % and.l; were snsprolls to the right
and left, respectively, each at a speed of ‘135 miles per
honinte : i
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METHOD AND RESULTS

The basic flight data arg shown in figure % for the

1

symmetrical pull-ups and in figure | for the snaprolls.

Symmetrical stalls,
stalls approximately 30
of the 5 oriftiCess  The
to actusl size, typlesal
spenwise l1lne of =2lx ori
30 percent of the chord.
calibration the relative

at the various points cennot be judged from the figure alone.
8 pregsuBe Becold

Also on figure 5 are sho
Ifrom each run with cizreil
the pressures were read,
0.1 second nermit a more
creamped records than wou

terrupted record. Notwithstanding the breaks in the pressure

Teconds, during the tims
were on most of the maxi
as eyvidenced by the doub

- Por each of the symmetrical
pressure values were read for each
filrst two lines of figure 5 show,
pressure records obtained from a
fices located at apnproximately
Since each triece had a different
magnitude of the pressure change

wn enlargements of a
es to identify the points at which
The bresks In the record every
ageurate btime [correlation forFsuech

1d have been possible with an unin-

period in which the trace lights
mum pressure values were recorded
ling up on the already exposed

record shown by the brighter spots at the peseks.

The pressure values
appeared to reach their
the times corresponding
figure by the chorgwlas
for the slx nibs on the
cenbrall S riiio onsthel ilic i
butlensifor (runs 1rand 2
figures 6 and 7. Becsaus
the times at which the p
mined cleoser than Spprox

on the various orifices on the tail
peaks at the same time., For each of
o, those. of! the circled points 1h
pressure distribution was plotted
right horiZontal tail and the one
side. Chordwise pressure distri-

are shown in the isometric views of

6 of the width of the record lines,
gak values occur cannot be deter-
Imetely 0.05 second. The plots

cherefore represent the maximum and minimum values of

pressuEeNdistrlibutdentoe

time at which the peaks -

distributions were integ
forece coefficient.

Since a continuous

with time could not bhe s

tion and cramped record,
maximum and minimum poin
oscillations thiat were »
gvold alconfusion i tpoi
for cach 0= seecond inte

curring in this interval. For each
were read the chordwise pressure
rated to obtain the rib normal-

o

variation of normal-force coefficisnt

4

hown because of the timer interrup-
it seemed advisable to show the

ts ohly and disregard secondary

gapncded, [ Bunther  in okRdemto

nts, the maxirum snd minimum values

rval were connected. Shown in this
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manner is the variation of the nofmd1~lorhe coef‘ cients

on each rib versus time, figure 8§, and the rietion of the
totel normal-force coef flClent on the r¢gnu Horizontal tail
versus time, figure 9, The maxinmum and minimum values shown

by the bars on these ¢1g)u*'~s represent values of Cy.
Snaprolls.- The variation with time of the differential

sressures recorded at four orifices during the snaprolls

are shown in figure 10. The traces for these cells are

ghown without an ordinate scale, since the calibration curves

were linear and because only the magnitude of the buffet

rolative to the mean value 1s of interest. In the‘case of

figure 10 the calibration factors are approximstely the
eameh ot alll Hhe curves So thetl thelireliat iye “pResistireshech

be noted from the defleetions.
ACCUR ACY OF RESULRS

The errors which are importent to the results pre-
sented herein are considered to ve those which would effect
the distribution of the loads rather than their actual wvalues,

. X {

ssible causes of error in the distri-
bution is the varia oi v in the amount of resonance
magnification experienced by the several orifice-tubing-cell
combinations., Figure 11 °h@vs typical curvea of -the
relation between the maximum nreSauﬂe recorded- and the
frequency of an 1mpressed sinuscidal pressure for various
lengths of tubing (from results of unpublished laboratory tests
on various tubing-orifice configurations). Unfortunately,
becauge of differences in the orifice-tubing configurations
that were used end the assumption of reguler sinusoidal
pressure oscilletions, the curves of figure 11 can only be
used to indicate the possible order of magnitude and the
direction of the errors 1in Tthe recorded pressures.s No
correction of the data was attempted.,

Gne ol the %o

So far as the distributions &are concerned, i
believed that for the range of freguencies of the
condition, differences in the amount of resonance
various orifice-~tube-cell uystemS\voul have resasonebly
small effect., The source of error in the distriputions cue
to a pressure lag difference for the various tube lengtl
1s negligible sincey within the range of lengths wuged, fﬁ
differences in length are not great and the tubes heave
about the same amount of constriction.




L 3 7
6 . 7. ‘L\’F\R I‘]..Oo ;35 JOO

1

The megnification of the total loads may be as high

as 25 percent for regular pressure fluctuations. The
pOS°lble Sheone alim +ohul Load PPSLIL”Ug from reading records,
fairing an integrating pressure curves, etc., is estimated

to be T l} percent.
DISCUSS ION

In evaluating the distributions and magnitudes of the
tail loads in ouffeuing, 1t is important to consider ths
amount of stall experienced by the wing. The buffeting
experienced by the tall may range from the desirable mild
puffet due to incivient ilow seperation, which warns of th
epproach of stall, to the severe shaking associated wiFh'the
abrunt wing flow breskdown &t the wmaximunm 1ifF. 4 number: of
i1tems in the flight records of figures 3 and i show that ;he
meneuvers were performed in such manner that oro“ably maximum
flow breakdown was obtained; namely, the pitching veloclity
exceeded 1 radian per second, and & very sbrupt flow breakdown
on the wings is indicated by the sharp drop in the acceler -
ometer, records.

n

The chordwise pressure distributions shown :
] +
w

flgures 6 and 7 indicate that during the obuffetin 16
chordwise distributions of pressure are, in general, qu
regular and are of the type that would normally be &sso
with angle-of-attack changes.

&
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Indications of. the gffeect of buffeting on the span
load distributions fmay be obtained Trom the results shown in
fimure 8 where it w11¢ be noted that immediately after the
stall in symmetrical pull-ups the increments in the
normal-force coefficients over the inboard ribs are greater
than those over the outboard sections. These are shown
pictorielly in the lsemegrle plots pf (figures 6 end 7,
Later, after the stall develops, the outboard sections also
experience high buffet imncrements, presumably due to an
outboard shift of the center of stall at the wincy with the
result that the bending moment at the root of the horizontal
tail is approximately as great, near the end of run 2, as
at the time corresponding to peak acceleration when the tail
is already carrying a balancing up load . (A movement of the
stall at the wing progressing outboard from the wing root
has been noted in tuft studies of an earlier model of this
airplane.) Thus, the severity of the buffeting from the
structural viewpoint may be governed not only by the




MR No. I5J06 : ' l

vertical displacement of the tall from the wing as shown
‘n early studies of buffeting but also by the spanwise
location of the wing stall relative to the position of the
Gip. ©of. the hprizontal tell.

The normal-force coefficients for the right horlzontal
tail (fig. 9) show that the buffeting causes an increment
in normsl-force coefficient of approximately *0.25. It
must be remembered that this value of the buffet increment
was ezperlenced at low speeds and for high angles of attack.

ords For Lhe gnaprolls (fig. 10)
ter buffeting nressures are experienced
izontal 1&11 corresponding to the side

lne e ssure
icate that the gr
o1 the pert of the h
on which the wing has stalled. The much nigher buffeting
increment recorded during run L corre"nonds to a more violent

s indicated by the more abrupt break in the acceler-
and the character of the record showing the

GJ

“: i)O

(SRe
)24

n

.}-Jn

he initial pressure increments of high magni tude

_7
k cnange caused by the passage of the first shed
ssociated with the flow breakdown at the wing.,

Similer results are Indicated 1a the records of runs 1 snd 2y
where it will be noted that ths sharp incresses in pressure
correspond to the sudden breask in the accelsrometer records.

shown in figure 10 for orifices ' Cg-3 and Dg-3 in run 3
and Cp~3 in run L ﬂreeuwouly are the result of a direct angle-
tack

=

The extended pressure records 1 figv“e 10 are useful
in indicating the frequency of the su ;quent buffeting.
iowever, since thers seems to be no correspondence between
the lsft and right sides during the roll maneuvers the
ILrpguency of the wing disturbance would seem to be more
accurately noted from pressure records of orifices on the
same side of the airplsne as that on which the stall occurred.

Reference to the extendsd pressure records shown in
figure 10, in particular for run L, shows small amplitude
pressure qucfuai ions which occur prior to the stall and
whose Ifreguencies differ from those of the buffet uA_er
the stall. These suggest the possibilify that a tai
surface could be set into resonance by the prelln 1na’v flon
disturbence so that the initial buffet flow would hit a
vibrating surface.
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Detailed exsmination of the results given in figures
5 and 10 indicate that, alt 13UFh the fluctuations. are
irregular in character for any partieular .orifice, the

gsarie fluctuations appear -to be experienced simultaneously
at all orifices along the semispan even so far aS'the
seccondary oscillations are concerned. However, insofar
possible .resonance Ais concerned, the large pressure
fluctuations are more important than the smeller ones. The

Y

m
)

,regularity of these changes, as shown in figure 10 bj

\, i~’s Jrs T
Qe i

\)J

and Dp=5 in run 3 snd Cy~% in run 4,

indicats the possibllity or resonance with nigh resulting
stresses,

On the ‘baslis. of the test results| presented, 1litile
can be seaid of the wing wake frequency in a general manner.
The Strouhel numbers werel computed, however, for the
two runs for which the frequencies could be determined
{(runs % end ) The Strouhal number (8 = AF  where
\ [ /I A ® —nde | 5] g

f = wing wake freguency; d, the dimension of the bedy per-
pendicular to the air Ilow (equal to ¢ sin @ )3 end Vg the
flow velccity) has been established as a criterion which
connecits the freguency of the shed vortices with the velocity.
For runs j and l, cons;derinv the predominant pressure peaks
for the first 1/2 second, the fregquencies were approx-
imately 15 and 1l cycles per secoal respectively. The
wing clord at the seufion from,Nuncp the disturbance
originated was taken to be 7.0 fest and the angle of attack,
a was assumed to be that correskonulng to the maximum
acceleretion. Strouhal numbers of approximately 0.25 and
0.30 were computed for run 3 and run ., respectively. ‘

Cﬁ(1

J

Abdrashitov, in a comprehensive survey of the tail
buffeting problem (reference %) reports Qtfoa“ql numbpsrs
determined in wind tunnel tests of 0.15 for plates and airfoils

at high Dngles of attack., (In a recent psg er Krzywckleckl
concludes that the Strouhal numbsr is nct a constant in
general but that it is a constanc at high angles of attack,
(reference ).

The evident disagreement between the Strouhal number
obtained in the flight tests with those obtained with
plain wings tested in wind tunnels is probably to bs
expe cted because of differences in the Reynolds numbers,
the downstream positions of the points of measurement and

®

e J
becauss of the transient character of the flow changes

in flighb.
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CONCLUSIONS
The following conclusions may be drawn from the
esults:
1., The changes in chordwise presgsure distribubtion

during the buffeting were, in general, of the type that
would be &associated with an angle-of-attack change.

2, In symmetrical pull-ups, -at the beginning of the
stall the greatest buffet intensity is located at the root
of the tall surface but after the stall has developed
spenwise on the wing the whole taill is enveloped by the
butrfet,

3, The average value of the increment in the tail
normal-force coeffl01ent due to buffeting was *0.25.

i, The frequency of the pre-stall disturbances and
those after the wing stall differ; both fluctuations appear
regular enough to promote resonasnce if the tail were of the
proper frequency.. '

lenzley Mcmoriol Asronautical Lavoratory
retlenal Advisory Cormmlttec for Leronautics

Langler Fisld, V

»
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Alrplane ¢ haracterishcs

Wing Vertical tail surface
© Arca 236 5.1t Toralarea 229sq1"
Span 3729 F+ Height above fuselage 567/
MAC 65/t Fin area(less iarng area) 918591+,
' Rool chord gl Rudder area(including /94sq/t of
Sectionatroot  NACAZ22/5 balance ana’ S5 sqftdlat) 1374 sqff
Section at 1p NACA 2209 Drstance from root LEW. fo rvdder
Angle fo thrust Ine | deg. himnge hine 20/317.
Dihedral 6 deg. Fin offset 0 deg.
Aspect rato 5.9 Fin extension No.
, Engine Horizontal 1ar! surface
Type Allison V-1710-F9R Total area 48.3sqft
Normal power at 10800 /000 hp: Span 2.79 f1.
Propeller gear ratio 2551, Stabilizer arca(incluaing 3.54 ¢t
—( B Propeller drameter |1 11 of fusclage) D86t
A Elevalor arca(incluaing38sqgft of
4 Flight gperaion balance and 164 sqftof fob) 1744sg#
4 Average weight in flight 8240 /b, Drstance fromroo? LEW. to elevator
F Average C.G.positon 29.5 SMAC hinge line 200 f+

Stabilizer set above thrust line 2 deg.

Horrzonta! far obove Fuselage center
line 1.50 1t

/Tox. elevator aeflection  3/.5'up

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Frgure |~ Three-view arawing and geomerric characterisics of arplane ased m 1ests (P-40/) .
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Note:

Broken lhnes mdicate 7#Hat orifices ore
located on only one side of fai surface

1//,0,09/“ surface
wa

r surfoce

MR No.

£ levator hinge /ine

O Orfxes connected fo cells with high 1iim
spoeed , runs 3 and 4 .

Horzortal rar/
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Figure 2 =Locaton of orifices af which  pressures were recorded .
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Figure 5.-

rur-/ Srun 2 o Fownts aof which
vanes were
reaqd

Photographs of typical pressure records and enlargement showing
time at which values were read for runs 1 and 2.
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