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Noise emission from fans is a crucial point in the 
acceptance of UAM & RAM vehicles

Experimental assessment of fan noise

 fan test bench

 fans with different acoustic signatures

 impact of inflow distortions due to
propulsor installation
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DLR project VIRLWINT (2023-2026)

objective: evaluation of noise perception

Sketch of vehicle configuration 
with simplified fan housings contour 
(credits: P. Ratei, SL-AES)
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CRAFT
(CO/COUNTER ROTATING ACOUSTIC FAN TEST RIG)
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Test conditions representative for ducted fans of UAM / RAM 

• fan diameter 453 mm

• shaft power 25 kW / 25 kW 

• fan speed 1000 … 4500 rpm

• max. blade tip Mach number 0.31

• tip clearance 0.6 mm

> AIAA Aviation 2021 > Paper No. 2021-2314 > TapkenDLR.de  •  Chart 4

PR=1.038
Q=7.3 kg/s

map of reference fan 
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Discrimination of source mechanisms by 
• distance variation 

• isolated rotor operation

Stator casing with exchangeable vanes

Modular and flexible setup

> AIAA Aviation 2021 > Paper No. 2021-2314 > TapkenDLR.de  •  Chart 5
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FANS WITH DIFFERENT 
ACOUSTIC FEATURES
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low overall noise

unconventional noise
reduction concept

diversified
auditory effect
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Derivation of low noise designs
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Reference fan

18 rotor blades
21 stator vanes

Low noise fan 1

31 rotor blades
10 stator vanes

BPF weak

Low noise fan 2

31 rotor blades
21 stator vanes

BPF cut-off 

Sound power level cumulated for 3 OP 
over RSI tonal, RSI BBN

S. Schade et al: Smart blade count selection to align modal propagation angle with stator stagger 
angle for low-noise fan stage designs, DLRK 2023Ulf Tapken, Institute of Prpulsion Technology, 12-13 Oct 2023



Characteristics with regard to noise perception
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Fan lowest
blade tone

tonal dominance
upstream vs downstream

relation tonal to broadband
noise radiation

Reference 

B=18 
V=21

BPF 
1.35 kHz

Low Noise 1

B=31 
V=10

BPF
2.325 kHz

Low Noise 2 

B=31 
V=21

2 BPF 
4.65 kHz

Ulf Tapken, Institute of Prpulsion Technology, 12-13 Oct 2023
S. Schade et al: Smart blade count selection to align modal propagation angle with stator stagger 

angle for low-noise fan stage designs, DLRK 2023
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MEASUREMENT INSTRUMENTATION
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Aerodynamic instrumentation

total pressure 
rakes hotwire x-probes 5-hole proberadial and 

azimuthal traverse
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Acoustic instrumentation

upstream mode detection arrays downstream mode detection arrays
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Inflow control device (ICD) establishing clean base inflow
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ICD impact on flow field and fan noise generation
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w/ ICDw/o ICD

- reduction of non-representative noise components 
- stabilization of rotor-coherent source mechanisms 
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GENERATION OF INFLOW DISTORTIONS
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First tests with perforated distortion fences
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fence height 20%
opening ratio 33%

fence height 50%
opening ratio 33%

fence height 50%
opening ratio 64%



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Impact of disturbed mean flow profile on fan tones
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Outlet, downstream propagation @ ADP
x denote baseline configuration

circumferential harmonics of the flow disturbance @ ADP

 rotor/stator interaction is modified
𝑚ோௌூ,ఓ = − ℎ𝐵 + 𝑘𝑉 ± 𝜇

 disturbed-inflow/rotor interaction results in
𝑚஻௅ூ = − ℎ𝐵 ± 𝜇
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Development of devices for BLI representative mean inflows
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Experimental study of different concepts

CFD optimization
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Impact of increased turbulent inflow on fan broadband noise
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sound power of upstream modes in inlet @ ADP
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 turbulent-inflow/rotor interaction results in 
broad sound power increase

 modified rotor/stator interaction plus rotor
shielding leads to increase of co-rotating
modes
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Impact of increased turbulent inflow on fan broadband noise
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sound power of upstream modes in inlet @ ADP
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 turbulent-inflow/rotor interaction results in 
broad sound power increase

 modified rotor/stator interaction plus rotor
shielding leads to increase of co-rotating
modes

Ulf Tapken, Institute of Prpulsion Technology, 12-13 Oct 2023



Challenge: Generation of specific turbulence characteristics
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Objective: realistic turbulence profile

fence height

Objective: Controlled generation of turbulence
 absolute length scales
 relation of lenght scales (anisotropy)
 spectral shape

to investigate impact on noise
 spectral coherence
 broadband … narrowband components
 excited noise levels

 develop and test suitable devices

source: Y. Jin, DOI: 0.3390/en9100830
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AURALIZATION OF ENGINE NOISE
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Simulation of distributed fan configuration as input for 
auralization

multiple measurements with small individual detunings of test conditions
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SUMMARY
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Opportunities offered by test bench CRAFT

 Test conditions representative for fans of UAM / RAM 

 Fans with different acoustic/auditory signatures 

Measurement of fan aero-acoustics in high resolution and with 
highlighting specific noise sources by test set-up variations 

 Inflow distortion devices to evaluate engine integration effects

 Challenge: generation of specific turbulence characteristics

 Data for validations and for psychoacoustic assessments

 Investigation of noise reduction concepts e.g. by flow control

Ulf Tapken, Institute of Prpulsion Technology, 12-13 Oct 2023DLR.de  •  Chart 24
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