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supersonic pocket on the rotor blade surface, the initial sepa-
ration of the acoustic wave from the aerodynamic field, and
the propagation of the acoustic wave to the farfield. It is
currently impossible to obtain such detailed information from
experiments.

Conclusions

This study demonstrates the capabilities of a free-wake Eu-
ler and Navier-Stokes CFD methodology, called TURNS, in
calculating helicopter rotor aerodynamic flowfields, including
the acoustics (high-speed impulsive noise), in both hover and
forward flight. The aerodynamics and acoustics information
can be obtained in one single calculation. Agreement with
‘experiments is very encouraging, demonstrating the ability of
the solution scheme to capture the flowfield and acoustic
details that are hard to obtain from experiments.
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Correlation of Conical Interactions
Induced by Sharp Fins and Semicones
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Introduction

he conical interactions are one important type of swept shock

wave and boundary-layer interactions and have been exten-
sively studied.!*> Most research has studied the conical interaction
behaviors induced by individual shock generators such as swept
compression corner, sharp fin, semicone, and so on.!? However,
their correlative behaviors—which means their common interac-
tion features induced by dissimilar shock generators—have been
less studied. Settles and Lu® were the first to make conical correla-
tion induced by unswept sharp fins and swept sharpfins at M,, =
2.95. Settles and Kimmel* also tried to correlate quasiconical inter-
action behaviors generated by four types of dissimilar shock gen-
erators at M,, = 2.95. This Note studies the correlative behaviors
induced by sharp fins and semicones and extends the previous con-
ical similarity to the condition of varying freestream Mach num-
ber, especially in the low Mach number range. Furthermore, it
demonstrates that the inviscid shock strength is a dominant param-
eter for the conical interactions.

Experimental Procedures

All tests were carried out in a G-3 supersonic wind tunnel with a
test section of 54.8 X 47.0 cm? at Beijing University of Aeronau-
tics and Astronautics (BUAA). A flat plate of 54.6 X 90 cm? was
mounted in the test section horizontally, and the sharp fin or semi-
cone model was attached to it. Tests were conducted at M, = 1.79,
2.04, and 2.50, keeping the same Reynolds number Re = 2.4 X 107/
m. The boundary layer on the plate was tripped by the sand band
with sand size of 80#. And this sand band with a 3 mm width is
attached on the plate 5 mm from the leading edge of the plate. The
fin and semicone models were placed 650 mm from the model
apex to the leading edge of the plate. Undisturbed boundary-layer
profiles in the test region were surveyed along the plate centerline
using Sun-Childs wall-wake curvefit to the survey data. And these
survey results showed® that those profiles agree with wall-wake
law well with a wake strength of = = 0.55 ~ 0.67. The incoming
boundary layer overall, displacement, and momentum thicknesses
at the position 650 mm from the leading edge of the plate were
9.41 ~ 9.39 mm, 1.97 ~ 2.35 mm, 0.68 ~ 0.59 mm, respectively,
for the test Mach numbers.

The sharp fin model was tested at angles of attack 6, 8, 10, 12,
16, and 20 deg for all Mach numbers, except the largest angle at
M, = 1.79 was limited by tunnel stall. Three semicone models with
half-angles of 20, 25, and 30 deg were tested.

The present experiments consider the mean footprints of three-
dimensional interactions as revealed by the kerosene-lampblack
streak method. The upstream influence line and primary separation
line in the interaction region can be detected from it.

Results and Discussion

A typical surface flow pattern of interaction with sharp fin or
semicone is sketched in Fig. 1. It shows the conical synimetry fea-
ture for both shock generators. To select the flow region to be cor-
related with both shock generators, their inviscid flowfields might
be considered. Both inviscid flow patterns downstream of the
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Fig.1 Typical surface flow pattern: C, corner line of fin or semicone;
Shock, intersection of shock and plate; S, primary separation line; U,
upstream influence line; and R, reattachment line.
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Fig.2 Slope of upstream influence vs (Mn — 1).

shock wave are completely different from each other. But in the
region upstream of the inviscid shock of both generators, the flow
mainly interacts with the shock and is weakly affected by the
shock generator itself. Therefore, the flow behaviors in this regime
should be correlated well. The upstream influence line and separa-
tion line are the main flow properties in this flow interaction
region.

Present experimental data show that the slope of the upstream
influence line Ku = tg(Bu — By) can be correlated with inviscid
shock strength Ma(Mn = M,, sin B,) very well at three Mach num-
bers of 1.79, 2.04, and 2.50 for both sharp fin and semicone:

Ku=05Mn-1) 1)

as shown in Fig. 2, where the test data from surface flow visualiza-
tion measurements by Lu and Settles’ are also included. In general,
upstream influence behavior should be controlled by parameters of
both inviscid shock parameters and turbulent boundary-layer prop-
erties. In the present experiments freestream Mach number varia-
tion affects both inviscid shock strength and turbulent boundary-
layer properties. However, from this experiment’s correlation, the
variation of upstream influence with freestream Mach number M,,
is only caused by inviscid shock strength, not by turbulent bound-
ary properties. The upstream influence behavior is controlled by
inviscid shock strength. On the other hand, the inviscid shocks in
the shape generated by the sharp fin and semicone are different: the
shock of the sharp fin is a plane and the semicone shock is a cone
with a certain curvature. Such correlation of the sharp fin and
semicone shows that the upstream influence is only determined by
shock strength regardless of shock wave curvature.

It should be noted that the quantitative correlation formula Eq.
(1) is only effective in low normal Mach number range. When the
normal Mach number is higher, the curve of Ku ~ (Mn — 1) tends
to level off as Lu and Settles show in Fig. 2.
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Fig. 3 Slope of separation line vs Mn.

Figure 3 shows that the slopes of primary separation lines
induced by sharp fins and semicones were also correlated by invis-
cid shock strength very well at present three Mach numbers

Ks=0.65Mn — 0.8 )

This correlation indicates again that the flow behaviors upstream
of the inviscid shock are dependent on shock strength only and
independent of the shock curvature and Mach number of the turbu-
lent boundary layer. Ks = 0 means that interaction flow is in an
incipient separation state from Stanbrook's criterion.® It can be
found from extrapolating the correlation curve to Ks = 0 in Fig. 3
that the condition of incipient separation is Mn = 1.23 or (P,/P,)i =
1.6. That is in agreement with Lu’s value.’
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