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Abstract

We revisit the online repository, the data source, the de-
tails of the experiments, and selected numerical results
of the EAA benchmark case of a low-pressure axial fan.
We present the whole aeroacoustic simulation process
and its validation by experimental results. A successful
computation of the flow and acoustic involves the fol-
lowing procedure, including validation: 1. Obtaining a
verified mesh for the flow simulation. 2. Evaluating tur-
bulence modeling. 3. Performing a mesh convergence
study. 4. Validating significant flow results concerning a
subsequent acoustic simulation. 5. Establishing a com-
putational domain and meshing regarding the acoustic
field. 6. Acoustic source term calculation includes pos-
sible truncation and interpolation from the flow grid to
the acoustic mesh. 7. The acoustic field computation and
validation of its significant physical quantities. The data
acquisition was motivated to cover all validation steps
with experimental data regarding this conceptual work-
flow. We will present physical and methodological details
for a successful aeroacoustic fan simulation.

Motivation

Considering arbitrary domains, initial, and boundary
conditions, solution techniques (analytic, numerical, and
experimental) require certain assumptions and simplifi-
cations. Verification and validation of assumptions and
results rely on high-quality data for comparison (bench-
mark). The European Acoustics Association (EAA)-
benchmark platform [1, 2] provides easily accessible
benchmark data for various cases for validating compu-
tational acoustics. The Technical Committee of Com-
putational Acoustics of the EAA initiated and manages
the platform. We kindly invite you to explore the re-
sults of the benchmark cases, validate your calculation,
report your results, and encourage you to submit new
benchmark contributions.

Regarding this overall mission of the EAA-benchmark
platform, we will now focus on the specific benchmark of
a low-pressure axial fan [4, 3]. Sound design and op-
timization require robust aeroacoustics predictions us-
ing numerical methods. Benchmarking computational
schemes are of outermost importance and require valid
data. Table 1 summarizes the download link and the
available data. A detailed description of the experimen-
tal setup and the measurement positions are given in [4].

Benchmark

We summarize the available experimental results for com-
parison with a short review. The extensive amount
of measurement data includes aerodynamic performance
(volume flow rate, pressure rise, and efficiency), wall pres-
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sure fluctuations in the duct (see Fig. 1), fluid mechanical
quantities (velocity in three spatial directions and turbu-
lent kinetic energy) on the fan suction and pressure side
(see Fig. 1). More information about the experimental
setup can be found in [4].
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Figure 1: Standardized inlet test chamber.

The fan was designed with the blade element theory for
low solidity fans. In terms of size and operating condi-
tions (see Tab. 2), it is a typical fan to be used in in-
dustrial (heating, ventilation, air conditioning - HVAC)
and automotive (thermal management cooling fan) ap-
plications. The fan has zero blade skew, and the design
was not optimized for fluid dynamic or acoustic behav-
ior. The blades consist of NACA 4510 profiles. Table
2 shows the design parameters. The circumferential ve-
locity at the blade tip corresponds to a Mach number
of 0.113. Thus, the flow can be considered incompress-
ible. The Reynolds number based on the chord length
is almost constant over the span-wise direction of the
blade and indicates a turbulent flow. The reproduction
of the geometry has been the primary goal. This geom-
etry makes it easy for other scientific groups to develop
the benchmark data further using their version of the fan.
The data of the original geometry is available online (see
Tab. 1). All measurements were made in a standardized
anechoic inlet test chamber (see Fig. 1) according to ISO
5801.

Data

The volumetric flow V at the operating condition was ad-
justed by butterfly dampers and an auxiliary fan in the
inlet section. A flow straightener rectified the flow field in
the first half of the inlet chamber. The duct was installed
in the chamber wall, with the suction side facing inwards
and the pressure side facing outwards. An electrical mo-
tor outside of the measurement chamber drove the fan.
For more information about measurement setup, we re-
fer to [4]. The measured pressure rise of the fan at the
design point is Ap = 126.5 Pa. However, the design pres-
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Table 1: Summary of the benchmark and the available data of the EAA low-pressure axial fan benchmark

Hosted by EAA

Citation [3] EAA. Benchmarks: Linear acoustics benchmark prob-
lem 4: Axial Fan . https://eaa-bench.mec.tuwien.ac.
at/benchmarks/acoustics_involving_heterogeneous_and_
moving_fluids/axial_fan/

Fan

Design parameters See Table 2

Geometry The rotor geometry is available as IGS-CAD model or Parasolid
file.

Operating condition See Table 2

LDA

LDA system 2-component LDA probe, type 2D FiberFlow (Dantec Dynamics)

BSA P80 burst spectrum analyzer (Dantec Dy- namics) BSA Flow

software v5.20 (Dantec Dynamics)

Measurement time

12 min or 2.5 x 10% samples per position

Wall pressure fluctuations
Type

Differential pressure transducers XCS-093-1psi D (Kulite Semi-

conductor Products)

Measurement time

30 s with a sampling frequency of 48 kHz

Microphone
Type
Measurement time

1/2 inch free-field microphones 4189-1-001 (Briiel & Kjeer)
30 s with a sampling frequency of 48 kHz

Microphone array microphones
Type

tion)
Measurement time

1/4 inch array microphones 40PH-Sx (G.R.A.S. Sound & Vibra-

30 s with a sampling frequency of 48 kHz

sure difference is not entirely reached due to unconsidered
losses like tip flow. At the design point, the efficiency is
n="53%.

Geometry
The CAD geometry is available online at the EAA bench-

mark platform.

LDA

LDA measurement (see Fig. 2) of the flow velocities
(meridional, radial, circumferential) on the suction and
the pressure side are available. Both ensemble-averaged
and time-averaged signals are available. The data can

Table 2: Fan design parameters (according to [4])

Fan diameter 495 mm
Hub diameter 248 mm
Tip clearance 2.5mm

Blades 9

Volumetric flow 1.4m3/s
Total-to-static pressure difference 150 Pa
Rotational speed 1486 1/min
Circumferential velocity hub 19.4m/s
Circumferential velocity tip 38.9m/s
Chord length hub 103 mm
Chord length tip 58 mm
Reynolds number hub 1.25-10°
Reynolds number tip 1.50 - 10°

be used to determine the turbulent kinetic energy on the
suction and pressure side to validate the turbulent struc-
tures inside the inflow.

Figure 2: Picture of the LDA measurement series.

‘Wall pressure measurements

The wall pressure fluctuation measurements consist of
data from 15 transducers that were installed 15 mm af-
ter the end of the nozzle, with a spacing of 10 mm (see
Fig. 3). The pressure probe measurements can validate
the effects of the tip gap flow.

Microphone

Additionally, the acoustic spectra at seven different mi-
crophone positions upstream of the fan is provided (see
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Figure 3: Picture of the wall pressure sensor distribution
inside the duct.

Fig. 4). The available measurement results contain mi-

Figure 4: Picture of the microphone positions inside the
anechoic measurement box.

crophone signals with a 48 kHz sampling frequency and
measurement length of T' = 30s. Inside the test chamber,
seven (N = 7) microphones were installed horizontally in
a half-circle with a radius of 1 m in front of the nozzle of
the duct (see Fig. 4). The sound power level was com-
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Figure 5: Measured sound power level of the investigated
fan.
puted by
- S
Lw = Lp + 10log <5—1> dB, (1)
0

with the time averaged sound pressure level Lp, the hull
of the measurement area S; = 6.28m? and Sy = 1m?.
The time averaged sound power level for all microphones
is computed as

N
- 1 1 9, 9
Lp = 10log (N nzl T /Pn/Podt> dB, (2)
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with the reference pressure py = 20 uPa. For a frequency
range of 100Hz to 10kHz, the measured sound power
level was Lyw = 87.3dB. The spectrum of the sound
power level is shown in Fig. 5. The first Blade Pass-
ing Frequency (BPF) can be seen as a sharp peak at
223 Hz, the first higher harmonic of the BPF at 446 Hz
and the second higher harmonic of the BPF at 675 Hz.
Broader peaks are around 340 Hz and 500 Hz that exceed
the ones from the BPF. The first and the second visible
sub-harmonic peak are expected to result from the inter-
action of the tip flow with the blades. Above 800 Hz, the
spectrum consists of broadband noise.

Microphone Array

Results of the microphone array measurements (see Fig.
6) are provided online.

Figure 6: Picture of the position of the microphone array
relative to the axial fan.

Usage

The data of the benchmark can be used freely. The com-
munity EAA hosting the benchmark encourages to report
successful applications to the benchmark organizers.

Selected validation example

The detailed experimental and numerical results of the
EAA benchmark are compared in [5]. Experimental re-
sults validate the whole aeroacoustic simulation process.
A successful computation of the flow and acoustic in-
volves the following procedure, including validation. The
flow grid is established starting from a valid geometry.
Obtaining a verified mesh for the CFD simulation is cru-
cial for the subsequent steps. This verification step in-
cludes validation of the turbulence modeling and a flow
convergence study based on the grid convergence index.
To the end of the flow simulation, it is significant to vali-
date the flow results with global and unsteady local quan-
tities. The unsteady local quantities connected to the
aeroacoustic source term of the wave equation are essen-
tial and must be traced. This source term is, for instance,
the incompressible flow pressure for the perturbed con-
vective wave equation (PCWE). If the flow is valid for
the next steps, we proceed with the source calculation
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Figure 7: Validation workflow to perform hybrid aeroacoustic simulations based on a step-by-step validation and a full
integration of the benchmark data to validate the whole workflow.

and the acoustic simulation. Now, the sources are com-
puted and transformed while conserving the energy to the
acoustic mesh [6]. The sources are validated using micro-
phone array measurements. After verifying the sources
and the verification of the acoustic mesh, the acoustic
computation can be carried out. Final validation of the
overall workflow can be achieved with the acoustic simu-
lation results. Details on the validation of these steps can
be found in [5]. Figure 8 shows the final validation plot
and comparison of the experimental results, the PCWE,
and the Ffowcs Williams and Hawkings analogy (FWH).

f/ Hz

Figure 8: Results of the aeroacoustic simulations at micro-
phone position 2, with the PCWE result in orange and the
FWH result in red. Furthermore, for comparison, measure-
ments over 30 s are depicted in blue, and measurements over
0.1 s are depicted in grey.

Summary and Benchmark Proposal

This benchmark is intended to use for validation for nu-
merical methods to predict flow-induced sound. It mainly
benefits from the available data that can be used to vali-
date each step of the energy conversion process from the
flow to the acoustic field. During the DAGA 2022, sev-
eral contributions simulated this EAA-Benchmark case
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and validated their simulation software. For example,
[5] showed aeroacoustic simulations and validated the re-
sults of the PCWE and FWH by the benchmark data.
Thereby, the authors covered every validation step pro-
posed by the benchmark authors. First, the unsteady
wall pressure validates the turbulent flow of the fan. Sec-
ond, the location of the source terms is compared to mi-
crophone array measurements. And finally, a good agree-
ment of the numerical results with the acoustic propaga-
tion was presented. In the future, we are curious about
your results on this benchmark.
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