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RESEARCH MEMORANDUM

EFFECT OF CHORDWISE VANES ON. AMPLITUDE
OF TAIL BUFTETIHC

By A11l:n R. Stoike
SUMMARY

Flight tests heve boen made witn a P-51D alrplane to determine
the -effect of chordwise vanss on the amplituds of tall buffeting.
Ths tests made during abrupt pull-ups to the buffeting boundary
included st rein messuroamsnts on wing and tail and tuft studies over
the wing. The tests coversd & Mech number range of from 0.L0 o
0.75 at & pressurs a.lJitu.d.e of 30,000 feet and wore made with and
without vanss. .

The results indicate thet the vanog tested nave no appreciable
effect on the ammlitude of tall buffeting.

| INTRODUGTION

Tests mede on ths XP-51 airplans (reforsnce 1) had shown that
the flow dirsctlon over the ouber portions of the wing at higher
speeds was toward the fuselagz. 3incs the flow over the inner
vortion was away from the fusslage, it was thought that the Juncilon
of thse two flows which occurrad within th> span of the horizontel
tall would effact the buffeting loads. Chordwlise vense wsre
accordingly designed to sspsrete and realins these flows and were
tested in flight on a North Americen P-51D sirplanse. . The wing
plan forms and sections for the XP-51 and 2-51D are similar.

This renport presents the results of the testzs made with
chordwise vanes and compares them with similsar flight tests mads
without such vanss. Comparisons are made for Mech numbers.up
to 0.75 of bending moments of the left horizontel stabilizer and
shears of both left and right horizontal stablilizers.

e ’
tal



b |

2 SRR NACA BM No. L7HLL
APPARATUS AND TESTS
Apparatué

The tests wero made with a North Americen 2-51D alrplane. With
the exception of a verticel-tall extension egulvalent to 2.15 square
feel of area, the airplane was of standard configuration. TVerious
components of the airplane structure had previously been relnforced
to wlthatend high loads. The pertinent dimensions of the airplane
are presented on the three-view drawing of the airplane given in
figure 1.

The chordwlse vanes used in these tesbs were instelled on the
upper surface of the wings as shovn in figure 2. The vanes were
mounted symmstrically at semispan stations referred to the root
chord of about 19, 32, and 48 percent. (See fig. 2(a).) The vanes
wers triasngular in section and tepersd in helght from 2 inches at
gbout 50 percent of the section chord to about 10 inches at the
wing trailing edge. (See fig. 2(b).) The vanes were made of h
balsa and fastened to the wing with a sandwilch of felt and adhesive.

Woolen tufts were distributed over the portion of the left wing €
inboard of 50 percent of the semispan and aft of about the 4O-psrcent
wing chord., Details of this installatlion are opresented In figure 2.
During the tests, a gun camere mounted within the engine cowling
recorded the actlon of the tufts.

Measurementa of airspeed, altitude, and normal acceleration
were mede during the tests with standerd NACA vhotographilcally
recording instruments. Strain measurements of wing and horlzontal-
tail shears and bending moments were recorded by & Miller oscillograph.

Tests

Measurements were made in Pflight for Mach numbers M wup to
about 0.75 and accelerations up to about 6g units during sbrupt
pwll-upe to the buffeting boundesrs as reported in reference 2. The
tests were made at a pressure altitude of about 30,000 feet and for
a center-of-gravity posltion of 25.1 percent of the mean aerodynamic
chord. -
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RESULTS AND DISCUSSION

The rssults of the tests made of chordwlse vanes are presented
in Tigures 3 and 4. Sample strain-time records with and without
vaneg ere given in figure 3. The sbscissa is the time end half-
gecond intervals have been deflhed on sach record. The defleciions
of the wvarious traces In the verticel direcitlon refer to the strains

~in various structural components. The vertical magnificetion of
corresponding strailn records agrees to within about 5 percent from,

flight to flight. These stralns are proportlonsl to the loads to

- which the structure 1s subjscted. The traces giving the bending

strain in the two spars of the horilzoatal stabilizer neer the root
are ldentified. The buffeting componsnt of the load on the stabilizer
is a vibratory load superimnosed on the maneuvering or guasi-static
stabilizer load. Hence the double smplitude of the buffeting
componsnt is represented on the records by the full height of
fluctuation as indicated on the straln record for £flight 21 in
figure 3. The deta of figure 3 are representetive of thoss used
in the preparation of figure 4 which compares shear and bending-
moment measurerents on the horizontal stebllizer with and wilithout
venesg. ,The results of figure .l are presented in coefficient form
as a fvnction of Mach mwmber. The cosfficient of shesr for elthsr
left or right-horizontal stabilizer is compareble 4o a lift coeffi-
cient in form and ls -dsfined as follows!

_ | =
Shear coefficlent = C., = _—_

where . -

. S

Ba half double amplitude of either left-.or righk- stabilizer

shear due to buffeting, pounds
q ¢ynamic pressure, vounds psr foot

Sg area o'f horizontal tail, sq £t (28.0) .
The coefficient form.for the henﬂing moment measured on the horizontal
stabilizer is:

Bending-momeﬁk coefficlient = GBMb = %
: t

£
A, e o—
t 2 2
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where

Bl half double emplitude of bending momsnt due to buffeting,
inchn=pounds -

by span of horizontel tail, inches

For evaluatlng the bending-moment coefficient, data for only the
left side were available. In both cames the coefficiants have been
divided by the airplesne normal-force. coefflicient

C oy
iy = as

vhere .

n alrplane normal acoeleratlon, g

W airplane weight, pounds

8 wing ares, Poet®

The ratio CSS/UNA glves en approximate measure of the impact

'Load of buffeting in terms of the effective wing loadihg, The .
coefficient Cpy 18 simply the coefficlent Cgg - times the distance

in percent of gpan betwsen the centef of pressure of the buffeting
tell load and the strain-gage station. :

The scatter of the data of figure 4 is attributed in large part
to the unsteady wing flow from which the buffeting loads arise.
Although chordwlse vanes have proved effectlive for other purposes

(for exaple, increasing the eflectiveness of split fleps on strongly

swept wings, reference 3), the results of both shear and bending-
moment measurements are an indlcation that the venes (solid points)
have no effect on the amplitude of tail buffeting.

The results of the strain-gage measurements are verified
qualitatively by a comparlson of tuft studles made with and without
the vanes in place. .This comparison is not presented.
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" CONCLUDING REMARK

The vanes tested were of no apparent benefit in alleviating
the amplitude of buffeting at the tail.

Langley Memorisl Asronantical Lebcoratory
Nationel Advisory Committee for Aeronautics
Langley Fleld, Va.

'I‘
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Figure L— Three-vwew dragram of the North. .
Arerrcan P-510D airplane. -
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(b} Detail view.

Figure 2.- Installation of chordwise vanes on North American
P-51D airplane.
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Figuré 3.- Sainple strain-time records with and without vanes.
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