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A cavity flow can be seen in many real world applications. One such application
is a weapon bay structure in fighter aircraft. A cavity configuration features a
highly complex unsteady separated flow (see left of Fig.1), which is characterised
by an intense aero-acoustic coupling mechanism. Strong pressure oscillations
produced in and around the cavity have the potential to cause structural fatigue
and induce resonance phenomena inside the cavity. It is of primary importance
that this flow mechanism inside the cavity is understood and provide insights to
control the relevant parameters.
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Fig. 1: Snapshots of instantaneous fields for Ma=1.2 using SA-IDDES model:
Vortical structures in the cavity (left); streamwise velocity at an instant of time
(right)

In this study, a open cavity configuration [1] with doors attached on the
sides and a length to depth ratio of 5.7 has been studied numerically using the
TAU code [2] developed by German Aerospace Center for high subsonic and
supersonic flows. The flow is characterised by turbulent interactions between
shear layer originating from the front edge of the cavity and the flow redirected
off the downstream cavity wall (see right of Fig.1). Two turbulence resolving
methods have been investigated in this study. The first method is based on the
hybrid RANS-LES method using the SA-IDDES model [3] whereas the second
method is based on scale-adaptive simulation using the SST-SAS model [4].

The study comprises the Mach numbers (Ma) 0.8 and 1.2 with Reynolds
number (Re) 12 x 10°. The Rossiter modes [5] occurring in the cavity due to
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the feedback mechanism have been numerically computed and validated for both
flow conditions using reference data from experimental measurements. The SST-
SAS model has found to be around 70 % computationally efficient compared to
the hybrid RANS-LES model with reasonable accuracy in capturing the Rossiter
modes (see Fig. 2). Additionally, some quantative results have been compared
between the two scale-resolving methods and practical guidelines to simulate the
cavity flows have been outlined.
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Fig. 2: Validation of PSD computed using SST-SAS model (Ma=1.2) at some of
the probe locations along the ceiling.
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