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Air Mobility Context

shrouded low-speed fans for
UAM-applications
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sketch of tilt duct vehicle configuration with
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Problem Description ‘#7
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,What is the influence of inflow distortion on tonal fan noise for a low-speed fan ?*

- future aim: unsteady 3D simulations

—> in this study: simplified problem for physical understanding
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Numerical Setup ‘#7
DLR

3D stator-domain
3D rotor-domain
numerical simulations with
TRACE Harmonic Balance (HB):
hybrid frequency domain approach

quasi-3D
inlet-block domains

streamtube at
70% rotor height
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Rotor-Stator Interaction ‘#7
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aerodynamic excitation: acoustic response
rotor wakes at stator
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wake content | modes
m,= hB R M= m;+kV
with m;=hB

and 21 vanes (V) at BPF:

i e.g.: fan stage with 18 blades (B) E i i
m; = 18 mmp m=18-21=-3 |

________________________________________________________________

pressure fluctuations at BPF,
clean inflow

Tobias Blaschke, DLR Institute of Propulsion Technology, 27.05.2026




Modal Variation Study Setup

= numerical inlet: generic steady inflow distortion:
—>pure cosine variation: p;(6) = Acos(my0) with my € [0, 9]
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Results — Case Study for m,=8
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| aerodynamic analysis |

Results — Case Study for m,=8 )
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Results — Case Study for m,=8
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Results — Case Study for m,=8
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Results — Modal Variation Study
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1. quasi-3D CFD study with cosine inflow distortions. Variation of modal content
2. inflow distortion - broader spatial mode specrum of rotor wakes
—> excitation of additional RSI-modes

3. additional RSI-modes can dominante tonal noise (for a given amplitude and high my)
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