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Workshop 1: Numerical simulations for Wind Turbine 
Engineering Problems

Acoustics = Study of compressional waves in a fluid medium

Source Propagation Receiver

• Vibrating body

• Air turbulences

• Sound path and absorption

• Airborne

• Structure-borne

• Mixed

• Microphone, ear

Introduction
What is Acoustics?
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Introduction
What is Acoustics?

• Sound = Small variations of an acoustic medium 

around a state of equilibrium (linear acoustics):

𝑝 𝑡 = 𝑝0 + 𝑝′(𝑡)

𝑝0 = 101300 Pa, 𝑝′(𝑡) ~ typically 0.01 Pa − 20 Pa Source:

http://blog.soton.ac.uk/soundwaves/wave-basics/the-nature-of-waves/

http://blog.soton.ac.uk/soundwaves/wave-basics/the-nature-of-waves/
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sd Key Implications

Regulation Comfort Productivity

• Pass-by, fly-over, wayside, 

ICAO, AVAS; environment

• Sound quality, low noise, 

brand image, energy labels

• Mass customization, variant 

explosion; simulation vs test

Cost Reduction Fuel Economy Failure Reduction

• Less material (easier vibro-

acoustic coupling)

• Lightweight (transparency to 

more noise sources) 

• Structure resilience to high 

noise environment

Key Trends

Electrification Globalization

Brand Identity Connectivity

Introduction
Why Acoustics Simulation? 
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Ability to Capture All Relevant Physics

Structural Acoustic Vibro-Acoustic

Only vibration is studied + Optionally ERP Only fluid is involved in noise propagation Noise propagation through structure-fluid interaction

Aero-Acoustic Aero-Vibro-Acoustic Electro-Magneto-Vibro-Acoustic

Turbulent flow makes noise on its own Turbulent flow make structure vibrate, radiate noise EM forces make structure vibrate, radiate noise

Introduction
Why Simcenter 3D Acoustics? 
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Unique Combination of Process Efficiency and Expertise

CAD Assembly Meshing
Pre-

Processing
Solver

Post-

Processing
Optimization

Simcenter Nastran

Simcenter 3D 

Acoustics BEM

Simcenter Ray

Ansys

Abaqus

Range: Structural & Acoustics Meshing, CAD or Orphan FE based, Synchronous Modeling, Simcenter Nastran/Acoustics BEM, Contribution Analysis, Optimization…

Depth: Acoustic Technologies – FEM AML, FEMAO, RDMODES, Aero-Acoustics, Conservative mapping, FSI, ATV, VATV, duct modes, high-end BEM methods…

Simulation Data Management

Introduction
Why Simcenter 3D Acoustics? WORKFLOW
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AERONAUTICS

Ramp Noise on Ground Flyover Noise: Airframe, Aeroengine, Propeller

Cabin Audio Quality and 

Speech Intelligibility

Cabin Noise from Turbulent Boundary Layer 

and Shock Cells, Panel Transmission Loss

Cabin Noise from Aeroengine or Propeller, or from ECS System

Introduction
Why Simcenter 3D Acoustics? EXAMPLES



www.feacomp.com
2021 FEAC Engineering. All Rights Reserved

Workshop 1: Numerical simulations for Wind Turbine 
Engineering Problems

AUTOMOTIVE

Low Speed Nearfield 

Sensing (ADAS/Parking 

Sensor)

Gearbox Noise

Wind Noise Intake/Exhaust Noise

HVAC Noise 
Electric Motor Noise

Cabin Noise from 

PWT and Road Loads
Pass-by Noise from PWT 

and Tires and AVAS 

Introduction
Why Simcenter 3D Acoustics? EXAMPLES
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MARINE

On-Deck and Engine 

Room Noise

Turbulent Boundary 

Layer Noise

Diesel & Electric Motor 

and Gearbox PWT Noise

SONAR

Propeller Noise

Hull Scattering (SONAR 

Target Echo Strength)
Hull Radiation

Introduction
Why Simcenter 3D Acoustics? EXAMPLES
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Introduction
Why Simcenter 3D Acoustics? EXAMPLES

ELECTRONICS

Fan Noise from Brown Goods: Laptops, Server 

Rooms, Projectors…

Drone Noise

Cabin Audio Quality and Speech IntelligibilityLoudspeaker Design

Integrated Loudspeaker and Microphone: TV, 

Smartphone, Tablet, Gaming Console…
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EXAMPLE 1

1. Fan Noise

Haris Kokkinos, 
charilaos.Kokkinos@feacomp.com

Workshop 1: Numerical simulations for Wind Turbine 
Engineering Problems

mailto:Charilaos.Kokkinos@feacomp.com


www.feacomp.com
2021 FEAC Engineering. All Rights Reserved

Workshop 1: Numerical simulations for Wind Turbine 
Engineering Problems

Typical workflow to solve aero-acoustics

Aerodynamic Pressures Field Map Pressures on Structural Model Vibro-Acoustics Solution
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Leverage synergies between Simcenter 3D and Simcenter STAR-CCM+

Geometry Preparation

Meshing Exterior

Geometry Preparation

Meshing Interior
Interior Noise

External Flow

External Noise

Acoustic Pressure

Simcenter STAR-CCM+ Simcenter 3D Acoustics
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Finite Element Method Adaptive Order (FEMAO)

• The Finite Element Method Adaptive Order (FEMAO) method is a higher-order polynomial technique that provides more 
accurate and faster solutions for acoustic and vibro-acoustic analyses than previous methods.

• You can use the FEMAO method for one-way coupling vibro-acoustic analysis, two-way coupling vibro-acoustic analysis, 
and uncoupled acoustic analysis.

• You can use the FEMAO method for prediction of acoustic transfer functions for pass-by noise, prediction of engine intake 
noise for aero-engine, perfection of transmission loss for an industrial muffler, and so on.
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Benefits of FEMAO over standard FEM

• Improved accuracy. FEMAO adjusts the element order 
(shape functions) automatically, which provides greater 
accuracy. FEMAO automatically adapts the order, and 
the model is represented each time with the correct 
number of degrees of freedom to reach the desired 
accuracy.

• Improved performance through adaptability.

• Improved performance through shape function 
efficiency.

• Improved performance in pre-processing.
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Example Workflow:

Import CFD data to 

vibro-acoustic model

Add Fan noise 
segmentation

Create Vibro-acoustic 
solution

Map the data to 

correct model 

locations

Acoustic Pressure

Post-Processing Solver Settings Add BCSolve

• Map the CFD fan mesh to 
transient fan blade elements.

• convert to fan blade force 
excitation

applied as a source using an 
equivalent acoustic rotating 
force

apply the excitation as a fan blade 
load to the acoustic solution to excite 
the acoustic fluid.



Part 2



1) Automobiles, aircrafts, wind turbines, industrial machinery

2) Prototyping costs

3) High quality gearboxes with low noise emission 

4) Legal issues

Components: Gears, 

bearings, shaft, housing. Oil 

is used to reduce gear 

abrasion and heat generation



• Main source of noise: Transmission error

• Transmission error (TE): Difference between the actual position of the gear 

and its theoretical position 

• Sources of TE: Bending of the gear teeth, defects, dynamic behavior of the 

gearbox 

• Other noise sources: shaft unbalance, misalignment, bending ( Low frequency 

vibration)

Gearbox noise is tonal: The noise frequency spectrum consists 

of sinusoidal components at discrete frequencies with low-level 

random background noise 



Numerical methods and modelling

FEM (modal analysis of housing, gear contact analysis)

BEM (acoustic radiation)

• Weakly coupled vibroacoustic model

Accurately capturing the impact of non 

linearities (contact) requires detailed models



Multibody simulation

FEM MULTIBODY

Deformable bodies Rigid bodies

Stress, Strain Acceleration, Velocity, 

Loads on moving bodies

FEM  + Multibody   ---- Very powerful machinery!

Multi – flexible body dynamics



Modal analysis is typically performed with FEM

   2 = K Α M Α

• Εigenfrequencies and mode shapes



     [ ] ( ) [ ] ( ) ( )t t t+ =M x K x F

   ( ) [ ] ( )t t=x Φ q

[ ]Φ : Matrix of eigenvectors

Projection in modal space

     [ ] ( ) [ ] ( ) ( )t t t+ =m q k q P



1) Create an acoustic mesh around the housing

2) Map normal velocities calculated in previous step

3) With boundary condition the acoustic velocities solve the acoustic 

problems



Acoustic Transfer Vectors (ATV)

( )  ( ) ( ) np v  =   T

( )  T : acoustic transfer vector matrix. Connects the 

normal velocities of the surface with pressures 

of points inside the fluid domain. Needs to be 

calculated only once.

( )ij T : contribution at the angular frequency ω of the j 

element vibration to to the pressure of the i point 

inside the fluid domain



EXAMPLE CASE STUDY: ESTIMATION OF THE VIBROACOUSTIC BEHAVIOR OF A

GEARBOX USING SIMCENTER3D



Transmission modellingModal analysis of housing

Multibody motion simulation 



Absorbing boundary


