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Abstract

N experimental investigation has been performed of the

flow on the leeward side of a slender body of revolution
at high angle of attack at Mach numbers of 0.6 and 0.7 and a
unit Reynolds number of approximately 7 x 106/m. Hot film
anemometers have been used to obtain the data. The asym-
metry and steadiness of the vortex shedding pattern are
ascertained. Representative mean velocity and turbulence
intensity values are presented together with power spectral
densities of the hot film output. Schlieren photography
illustrates the flowfield.

Contents

Asymmetric vortex flow affects the performance of missiles
and slender bodies of revolution flying at high angle of attack.
For low freestream turbulence levels, steady asymmetric
vortex shedding generally ensues at an angle of attack of 27
deg or more, up to about 50 deg, causing considerable side
forces that affect the course and direction of a given missile.
In a cross-flow plane, the vortices resemble a von Karméan
vortex street past a two-dimensional cylinder (Fig. 1, Sec. A).
At transonic speeds, the effects of vorticity can be more
difficult to ascertain due to the vorticity dependence on the
local Mach number, which might be subsonic or supersonic.
Previous investigations have been performed on wake vor-
tices, !5 but most of them. deal with experiments at low
freestream Mach numbers. In the present experiment,
transonic data were obtained for the surface pressure coef-
ficients, flowfield mean velocities, and turbulence intensities.
Schlieren photography and high-speed movies were also
taken.

The experiment was performed in the closed-circuit wind
tunnel of the Trisonic Gasdynamic Facility of the Flight
Dynamics Laboratory. The tests were conducted at Mach 0.6
and 0.7, at a tunnel stagnation temperature of 560°R, and
unit Reynolds number of approximately 7x106/m. The
tunnel freestream turbulence level was low, less than 1% of

the freestream velocity. The tests were performed at an angle’

of attack of «=45 deg, and roll angles of ¢ =0 and 90 deg, on
a 25.4 mm diam, sting-mounted model consisting of a sharp,
tangent ogive nose of fineness ratio 3 followed by a cylindrical
afterbody of fineness ratio 7.5. The model was equipped with
four rows of pressure orifices.> Hot film anemometers
mounted on a traverse mechanism (Fig. 1, Sec. C) were used
to measure mean velocities and turbulence intensities in the
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model’s wake. The disturbance produced by the probe was
negligible, since its proximity to the model’s surface did not
alter appreciably the pre-existing surface pressure
distribution. This distribution changed slightly when the
model was rolled 90 deg from a vertical to a horizontal plane
to obtain vertical velocity data. The change was less than 2%
and, therefore, did not affect the data excessively, but it
shows the sensitivity of the system to nose orientation. Test
repeatability was checked and found to be satisfactory.,
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SECTION A

Fig. 1 Vortex pattern on ogive cylinder model and probe traverse
mechanism. .

Fig. 2 Schlieren photographs of the flowfield at o =45 deg, different
Mach numbers and roll angles. a) AM=0.53, ¢=0 deg;
b) M=9.58, ¢ =0 deg; ¢) M=0.63, ¢ =0 deg; d) M=0.6, ¢ =90 deg.



478 ‘ : W. CALARESE

p— — .14
° oM. a X [12
1.0 L. Voo Voo |4
y 8 . * M:=0.7, u=45' 9-0°/.08 _
V e 8 e % 738 Y.02[98 %
“4iMODEL 3 ™ D D {04 V®
.2 stRF\ch AAMA @§ .02

-2 "7 -6 -5 -4 43 -2 -1 0

-4 . 2 /.{ )
-6 o o°°° /
-8 ey MEASURE-

-1 MENT PLANE

Fig. 3 .Lateral mean velocity turbulence intensity, M=0.7,
*¥/D=1.38.
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Fig. 4 Power spectral densities (M=0.6, =45 deg, ¢=0 deg,
%¥/D=1.38,5/D=0.2).

The high-speed movies, capable of speeds up to 4000
frames/s, show that the vortex pattern is generally steady.
The movies, surface pressure distributions, and photographs
(Fig. 2) clearly show that the vortex pattern is asymmetric. By
using liquid crystal paint on the model, it was ascertained
experimentally that boundary-layer transition occurred
asymmetrically.® Speculations that this asymmetric transmon

-might occur were reported in Ref. 4.

Figure 2 shows schlieren photographs of the model
flowfield at =45 deg, ¢=0 deg, and $=90 deg, and at
different Mach numbers. The vortices behind the model can
be easily seen. Regions of different light intensities can be
detected. Low-intensity regions are adjacent.to regions of
high intensity. The vortex center lies along the boundary of
the two regions.? The change in intensities is the consequence
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of the change in sign of the density gradient at the vortex
center. The vortex starting position, i.e., the distance from the
nose tip, clearly increases with Mach number. Also, the in-
clination of the trajectory of the first two vortices changes by
a different amount with increasing Mach number. Con-
sequently, the high-intensity region between the two vortices
decreases. This might be considered as vortex meander, the
amount of which is then not only dependent on the local
turbulence but also on the freestream Mach number.

Figure 3 shows the hot film values of the lateral mean
velocity and turbulence intensity of two. counterrotating
vortices at Mach 0.7. The corresponding configuration is
sketched in Sec. B of Fig. 1. Similar data were obtained for
the other velocity components at different axial locations. It
was noted that the vertical distance between the vortices’
centers increased downstream.

Power spectral densities (PSD) were obtained for the hot
film voltage output, which corresponds to velocity fluc-
tuations (Fig. 4). The data of Fig. 4a were taken in the inviscid
flowfield adjacent to the vortex flow. The turbulence levels
are very low, but a definite instability exists. Resonant peaks
are observed at a fundamental frequency of about 800 Hz and
its higher harmonics. When the probe was calibrated in the
freestream, no disturbances or compressor noise of this kind
were observed. Therefore, after some consultation,® it was
concluded that the disturbance in the inviscid flow adjacent to
the vortical flow should be classified as a Rayleigh instability.
Necessary conditions for this instability to develop are that
the velocity profile should contain a point of inflection and
that the numerical value of the vorticity at the point of in-
flection must be a maximum,’ which is exactly what happens,
in the present case, in the adjacent vortex core. The data of
Figs. 4b and 4c, taken inside the vortex flow (see Fig. 3), show
high turbulence levels. The axial fluctuations are comparable
to the lateral ones. Some disturbance is detected in the axial
plots at a frequency of 2700 Hz. Since cross correlations could
not be taken as only one probe was used in the experiment, it
is impossible to know whether the disturbance was an acoustic
disturbance due, for example, to tunnel noise, or coherent
structure of turbulence, that is, a fluid dynamic disturbance
propagating downstream.
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