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HIGH-SPEED WIND-TUNNEL TESTS OF A ;¢ -SCALE MODEL
OF THE D-558 RESEARCH AIRFLANE

AIR-STREAM FLUCTUATIONS AT THE TAIL OF THE
D-558-1 ATRPLANE

By Robert E. Pendley
SUMMARY

An investigation of the alr-stream fluctuations at the tail of
the D-558-1 airplane has been made at high speed for the purpose of
determining the vertical region in which the horizontal tail may be
placed. without becomlng subJject to tall buffeting. The lnvestigation
was made for a range of Mach numbers From 0.775 to CG.907, and a
range of vertical posltions at the tall to lncliude two proposed
horizontal—tail positions. The tests were made at two angles of
atteck, 0,2° and L. 29 s representative, respectively, of the angles of
atteck for high-speed level flight and a pull-out condition.

The alr—gtream fluctuatlons recorded are not consldered serious
througkout the speed and 1i1ft range of the tests. It was concluded
further that insofer as taill buffeting is concernsed, Iittle is to be
galned by ralsing the horizontal tsll ahove the two proposed
horizontal-tall positions, but tall poslitlons below the lower proposed
position are delleved to be dangerous under a pull-up condition at
high spead.

INTROJICTION

Tho problsm of taill bﬁffetiag in the design of aircraft to fly
in the high-speed range of the I-558-1 airplans 1ls associated with
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the lerge turbulent wake of the wing arising from the presence of
coapresslion shocks and attendant separation. Thie turbulent wake
cccurs 1n the normal high-sueed operatlng 1ift range as well as in
the pull-up condition for modern aircraft designed to fly at super—
critical speeds. As dlscussed in reference 1, tall buffeting can
occur at these speeds with a tall located outside as well as within
the boundaries of the wake as defined by total-pressure measurements.

As part of the research program of the Natlonal Advisory Committeo
for Aeronautics for the D-558 airplane, the present tests have been
conducted to investigate the flow fluctuetions at high speeds in
the region of possible horizontal-tall positions, since kmowledge of
the empllitude and freguency of the flow fluctuations in this region
is necessary in order to avoid placing the horizontal tall where 1t
will be sublect to buffeting.

APPARATUS AND METHODS

The investigation was conducted in the Langley 8-foot high-speed
tunpel with the 7% ~scale model of the Douglas D-558-1 airplane

descrived in reference 2, in which the tunnel configuration of the
Langley 8-foot high-spesd tumnnel used for the D-558 research program
is also desoribed. Thse present tests were made without the horizontal
tall and with some modifications to the support system. A schematilo
dlagram of the model support system for the alr-etream fluctuation
tests 1s given as figure 1.

The alr-stream fluctustion instrument used was the same as that
used in the investligation of reference 3, which reports the details o
the conetruction, function, and operation of the instrument. The
recording system used, however, was not as eensitlve as that employed
in ths tests of reference 3.

Since the fluctuations of the alr stream wers nonperiodlic and
irregular, a statisticel method of analysls was adopted for the
purpose of predicting tail buffeting by which the average of the
mesimum amplitude of angular fluctuation 1s determined for semples
of frequency ranges that predominate. The analysls of the records
thus depends to some degree upon individuval Judgement.

Alp-stream fluctuations were recorded at five vertical positions
&t the tail to provide a vertical rargs including the two proposed
horizontal-tail positions. The longzlitudinal and latersl positions
of the instrument were such &8s to measure the fluctuatlions at the
qusrter-chord line of the horizontal tall and approximately on the
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midsection of the horizontal-tail semispan. The tests were made at
Mach nurbers of C.775, 0.8, 0.85, 0.875, 0.9 and 0.907 at angles of
attack meesured with respect to the airplane thrust line of 0.2° and
4.2°, These angles of attack correspond respectively to those for
high-speed level~flight and a pull~up cobdition.

Following the fluctuation measurements, the wake posltion was
determined at the sare Mach murbers and anglies of abback with a total-
pressure rake located 1.92-wirg-—root chords behind the quarter-chord
point of the wing mean aerodynamic chord (corresponding to the
longitudinal location of the fluctuation survey) and O.41 tall semi-
spen from the plane of symmetry.

SYMBOLS

o angle of attack of alrplane thrust line, degrees

average of the meximum amplitude of angular fluctuation of the
alr strean for samples of fluctuations of a specific
frequency range, degrees {The amplitude of a fluctuation is
horein taken as the total angular deviatlion of the flow
during & cycle.)

&E free-stream total pressure minus local total pressure, pounds
per sgiare foot .

M free-stream Mach number

Q free—stream dynamic pressure, %pve, pounds per square foot
v Froc—stream velgcity, feet per second

o free-stream density, slugs per ocublc foot

F Erequency of alr—sitream fluctuations, cycles per second

4 vertlcal »nrolection of airfoill profile on & plane perpendicular
to the direction of the flow, fect

RESULTS AND DISCUSSION

The rasulbts of the tests ars presenhed in figuros 2 and 3 as
the verticel variation of 8 axnd the tolal-prsssure loss Iin the
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wing wake, where the vertical distance is glven as percent of wing-
root chord above the wing chord line extended. The two proposed
horizontal-tell positions of the D-558-1 airplane are indicated. The
three frequency ranges for which £ 1s presented sre those in which
fluctuations predaminated; the flow fluctuaticns that occcurred at
frequencles outslde of these ranges were negligible in amplitude and
mumber. The scatter of the test points is due in part to instrumenta
tion diffioulties which resulted in low sensitivity, end in part to
the irregular and nonperiodic nature of the flow. The accuraoy of
the data for the low-frequency rangs is best, with the possible erxror
of the order of +0.,15°. The fluctuations of the higher frequency
ranges were the moest diffioult to read with possidble errors ranging
from approximately +0.15° to +0.3°, No attempt has been made to fair
the curves ln same parts of the figures becsuse of the scatter.

Throughout the Mach number renge the fluctuationa with the model
at the angle of attack of 0,2° (fig. 2) were found to be small with
nc significant changes In B, A trend toward diminution of the angle
of fluctuation with increase 1n vertical distawe fror the wing wake
is indicated. At asxn angle of atteck of 4.2° (fiz. 3), the alr-gtream
fluctuations were epproximately thke same for Mach nurbers of 0.8 and
0.55, but as the Mach number wes increased above 0.85 snd the normal-
shock loss from the upper surface of the wing spread upward into the
zone investigated, the angle of fluctuation increased rapldly at
points nearest the wake. For both angles of atteck and throughout
the Mach mumber range, however, the maximm fluctuations of the air
gtreem over the range of vertlcal posltion investigated are not con-
gidered serious and, therefore, the two proposed horizontal-tall
poaitions should be satlsfactory from the standpolint of tall buffeting.

Data fron the high-speed—barber wing tests of refersnce 3 are
presented in figure L4 at approximately the same 1ift coefficlents and
Meoh nurber with the deta of the present tests for the design
maximus level—flight Mach nuriber of the D-558-1 airplane. The high-
speed-bomber wing data illiustrate the megnitude to which fluctuatlons
grow in the central part of the turbulent wake, and the datsa suggest
that for the D-558-1, the fluctuations can be expected to increase
Beverely as the weke is approached more closely than the lowest point
of the fluctuatlon survey. The fluctuations 1n the wake of the
D-558~1 wing, however, wlll probebly not te as sevore as those in the
wale of the hlgh-~speed~bomber wing, owlang to the smaller aspect ratio
(4.17 as comparcd to 9.0).

Insofar as tall buffeting is concerned, the figures show that far
the range of 1ift and Mach nuvmber of theoe tests, li<tle 1s %o be
galned by ralsing the Liordzonmtal teil ebLove elther of the tiro proposed
horizonual tail positioms., Tail positioms below the lower proposed
positlon are belleved to be dangercus undsr pull-up condltlons at
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high speed as represented by the data for the high angle of attack
(fig. 3), because of an expocted abrupt increase in the angle of
Pluctuaetion ae the wake 1s approached a small distance beyond the
lower tall position.

The lsw of aimilitude by which the results mey be corrected to
the full-Scele conditions 1s not known, as there is no theory deflining
the frequency of wake disturbances for any type of wake other than a
double row of vortices. An approximation to full-scale conditions
may be made by assuming the Strouhal number Fd.,fV to be & constant,
as suggested from the tests of reference 4. Essentially, this was
the assumptlon of the anmlysls of reference 3. The veloclties of the
present tests correspond to full-scale velocltles; thus, the frequencies
at the tail of the full-scele eirplane willl vary inversely &s the
glze or will be one—-sixtesnth of the test freguencies., The physical
meaning of the assumption of constant Strouhal number l1s simply that
the geometry of the wake disturbances increasee in scele dlrectly
as the airfoil. The amplitude of the angular sir-stream fluctusations
in the wake would on the basis of constant Strouhal number experience
no effect of scale.

CONCLUSIONS
From the tests and anslysls of this report, the following
concluslions are made:

1. The fluctuations of the air stresm at the two proposed
positions for tae hordzombtal taill ere not corslidered serious through—
out the speed and 1ift range of these tests.

2. Insofar as tall buffeting is concerned, little 1s to be
galned by ralsing the horizontal tall above the two proposed horizontal
tail positions,

3. Tall posltions below the lower proposed positlion are believed
to be daagerous under s pull-up oondition at high spewsd.
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