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« Influence of anisotropic turbulence on flow physics

The performance, efficiency, and longevity of turbo-
machinery components are significantly affected by
the turbulent flows they encounter. Turbulence itself
is inherently complex, but this complexity is further
compounded by anisotropy, which refers to turbulent
structures and stress distributions being direction-
dependent. This anisotropy has a profound impact
on flow physics. Current low-fidelity simulation meth-
ods, such as the Reynolds-Averaged Navier-Stokes
(RANS) equations, often lack the precision needed
to accurately predict turbulence anisotropy, leading
to reduced accuracy in simulations of complex flow
phenomena [{].

In contrast, high-fidelity simulations, like Large
Eddy Simulations (LES), are capable of predicting
anisotropic turbulence accurately. However, a typi-
cal assumption as an inflow condition for numerical
investigations of cascade test cases is isotropic tur-
bulence — where turbulence is uniform in all direc-
tions. Although these ideal conditions are straightfor-
ward to describe and may represent experimentally
conducted cascade test cases [3], real-world turbo-
machinery operations of multi-stage configurations
usually involve highly anisotropic turbulence.

Large eddy simulations of a low-pressure turbine
cascade (Fig. [T) show the transition of isotropic
inflow turbulence (blue) into a direction-dependent
anisotropic turbulence state. In the passage be-
tween the blades, a two-component turbulent state
develops from the passage entry plane until the pas-
sage exit plane (green colored). This anisotropic
turbulent state is then further convected. In multi-
stage turbomachinery, the outflow condition of one
blade row enters the downstream blade row. The
direction dependence of the inflowing turbulence is,
therefore, important for replicating the flow physics
in these configurations.

This research project aims to explore how
anisotropic inflow turbulence influences aerody-
namic predictions in cascade flows by using LES

Figure 1: State of Reynolds stress anisotropy tensor in terms
of barycentric weights of principal states in low-pressure turbine
cascade

with the discontinuous Galerkin method in the flow
solver TRACE [2]. The study will focus on the devel-
opment and decay of anisotropic turbulence in turbo-
machinery flows. Turbulence anisotropy in both the
core flow between blades and the wake of blades will
be examined as representative conditions. Based
on these conditions, the research will further investi-
gate how anisotropic turbulence affects overall per-
formance metrics and the specific aerodynamic char-
acteristics of linear blade cascades.
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