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Introduction

Problem:

= A weapon bay features a highly complex unsteady, separated flow which is
characterised by an intense aero-acoustic coupling mechanism.

= Acoustic and flow dynamic interactions inside the cavity lead to a
self-sustained oscillation process and presence of Rossiter modes.

= Computation of the Rossiter modes demands a high computational cost.

= Hybrid RANS-LES approach of a weapon bay requires around 1 Million
core-h with SuperMUC-NG cluster.

Objectives:
» Understanding the characteristic features of open cavity flows that lead to
the resonance phenomena.
= [ncreasing the computational efficiency and meeting industry standards
using appropriate turbulence modelling.
s Formulating best-practices guidelines for simulating weapon bay
configurations with the DLR-TAU code.

Rossiter semi-empirical model

The Rossiter model (1) is formulated based on the following mechanism [1]
= Downstream convection of vortices from the shear layer.
= [mpingement of vortices at the downstream edge generating acoustic
waves.
= Acoustic waves travelling upstream and exciting further disturbances in the
shear layer, leading to a self-sustained oscillation process.
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The table below shows the frequencies at which the modes occur for a transonic
flow condition of Ma = 0.8 and Re = 12 x 10° in a weapon bay.

Table: Modal frequencies based on the semi-empirical Rossiter model

Mode Theory(Hz) Exp.(Hz) CFD (Hz)
1 263 272 266

2 670 755 752

3 1076 1160 1144

4 1484 1600 1622

Numerical approaches

Hybrid RANS-LES approach In this study, SA-IDDES model of Hybrid RANS-
LES approach has been used. The Spalart-Allmaras original model with DES
capability [2] is based on the standard one-equation Spalart-Allmaras model,
which models the transport equation for the eddy viscosity [3]
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where the production term P, and the destruction term ¢, are
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This model represents the standard SA model, except that the length scale d
in the destruction term is modified. In the SA-model, d is the distance to the
nearest wall. In the IDDES model, d is replaced with d, which is defined as
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d = d — fymax(0,d — Cpesl) (4)

with A = max(Ax, Ay, Az), Ax, Ay and Az represent the grid spacing in x, y
and z directions, respectively and fy is the shielding function desgined to be
unity in the LES region and zero elsewhere.

SAS approach In this approach, the RANS based k — w SST model has been
used with the additional source term Qg5 In the transport equation for the
turbulence eddy frequency w to enable local resolution of the flow structures

[4].
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with von Karman length scale L,k given by
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Figure 2: Shear layer instability (left) growing in its width seen in the streamwise direction(right)
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Figure 3: Spectral analysis of the pressure signal - hybrid RANS-LES and SAS approaches

Computational efficiency The DES-WF (SA-IDDES model with wall function)
simulation is estimated to be around 50% computationally cheaper than the
DES simulation (SA-IDDES model with wall integration) [5], whereas the SAS
simulation is estimated to be 90% computationally efficient than DES simula-
tions and the SAS-WF simulation is twice as fast as the SAS simulation.
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