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Motivation

= UAMSs with fixed wings, distributed propulsion
- low-speed fan design
—> acceptance by the public: noise!

* DLR Engine Acoustics research:
= sound source excitation and radiation

© DLR project VIRLWINT
» sound propagation: transmission, sketch of tilt duct vehicle configuration

- - with simplified fan housings contour
reflection, scattering (Credits: P. Ratei, SL-AES)

- CRAFT-rig
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CRAFT-RIg (Co/Counter Rotating Acoustic Fan Test Rig)
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Rotor-stator interactions

—>excitation of Tyler-Sofrin (TS)
modes / spinning modes

Rotation wakes

Velocity deficits of rotor wakes.
View upstream. [2]
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measurement data

Rotor-stator interactions

120 mmm downstream

BN upstream

—>excitation of Tyler-Sofrin (TS)
modes / spinning modes
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Blade Passing Frequency (BPF):

BPF =h B - froe; with h € N \{0} CRAFT: measurement data at the inlet

(1BPF, DP, reference fan-stage)
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Reflection at the pylons

m = const.
o 3 pylons (Vp=3)
_ B=18 V=21

I
|

Tyler-Sofrin modes: . h: | Scattering at the pylons:

mRSI=h-B—k-V 0 18 m = -6

with h € N\{0}; k € Z\{0} 1 ) Jm=0
> || 24| HMEES
m =\+6 Mgcattered = MRsy + K- Vp
/ with Vp = 3 (pylons)

A

cut-on TS-mode cut-on scattered modes
(1BPF, DP) (1BPF, DP)
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» Framework/solver: TRACE
» Steady: RANS
» Unsteady: HB (Harmonic Balance) method:
hybrid frequency domain method [1]

-> simulation of tonal noise
—> coupling of acoustic modes

= Postprocessing: Connect3D [8] /ilnterfaces

\'0\0"
computational setup: one

passage per domain
Tobias Blaschke, DLR Institute of Propulsion Technology, 23.09.2025
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inflow acoustic
) L—-— T gust BC: @
m=-3

inlet outlet

isolated fan-stage installed fan-stage isolated pylon

- Limitation to 1BPF (1350 Hz) in subsequent analysis
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Results - visualization
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steady: RANS
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Results — simulation, ¢
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PWL [dB]

Results — simulation, p = 0.33 (DP)
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Results — simulation, p = 0.33 (DP)
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Results — measurements & simulation, ¢ = 0.33 (DP) FF-\
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- scattered & reflected mode
m=+3 is dominant

= ApwLmeas = 5.1 dB
Apwrsim = 11.5dB
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Results -measurements & simulation, ¢ = 0.28
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—> exp.: scattered & reflected
mode m=+3 is dominant
> APWL,meas =+3.9dB
ApwLsim =-7.20dB
Tobias Blaschke, DLR Institute of Propulsion Technology, 23.09.2025 —> Different prediction with CFD
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- Simulation of acoustic mode reflections due to installation effects of a low-
speed fan stage into an the CRAFT-rig

- Comparison to measurement data

L validation of simulation results possible
L» strongest acoustic mode reflection effects at the pylons at the DP

L understanding of physics of acoustic mode propagation effects -
scattering, reflection and transmission

Tobias Blaschke, DLR Institute of Propulsion Technology, 23.09.2025
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