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Overview

 ICE downsizing in automotive industry

CCGEx at the Royal Institute of Technology (KTH) • www.ccgex.kth.se

• Downsizing as a response to 

stringent regulations on emission 

of pollutants and as a solution for 

improved fuel economy;

• Compressor noise: impact on 

both environment and 

driver/passenger comfort. EU 

regulations on automotive noise.

• CFD/CAA method of approach: RANS, URANS, LES calculations;

• Installation effects being considered;

 Project’s objective: physics-based understanding of the 

aerodynamically generated noise in centrifugal compressors
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http://www.marine-knowledge.com/wp-content/uploads/2013/10/Turbocharger-

Working.png
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Research questions & approach

 Research questions:
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• Which are the dominant acoustic sources related to turbocharger noise?

• What are the implications in sound propagation and resonance of

installations of turbochargers?

• How to mitigate noise produced by automotive turbochargers?

• Flow field of specific compressor: steady state solutions for operating 

conditions for which experimental data is available;

• Initial acoustic analysis by means of acoustic models based on RANS 

data: search for trends, assessment of advantages and limitations of the 

acoustic models considered;

• Extent to which such data can be used during the design process?

 Approach:
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Computational setup

 BorgWarner Turbo Systems: MP compressor
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• Governing equations: Continuity, Momentum, Energy, Equation of State

• Turbulence modelling: SST k-ω

• Solver: Coupled Flow (density based)

• Discretisation: 2nd order upwind

• Mesh: Polyhedral, ~4.5 mln cells, circumferential time

averaged interface, moving reference frame
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Main blades: 6

Splitter blades: 6

TRIM: 56
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Compressor Map

 BorgWarner Turbo Systems: MP compressor
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• 80 operating 

conditions

simulated on 

clusters;

• Medium grid

(~4.5 M cells);

• PR shows good

match with

experimental data 

for a range of

operating 

conditions;

• Points of interest

highlighted.
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Mach number and Pressure
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• Last stable operating point: flow travels upstream

from diffuser through tip leakage

• Adverse pressure gradient under tongue, and flow

directed there

• Higher radial grad(p)
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Proudman model, Curle model (Lighthill’s analogy):

• Implicit to RANS turbulence modelling, source information through

correlations;

• Turbulence-generated flow noise, contributing to total acoustic power;

• Proudman model: models volume distribution of quadrupole sources, noise

from turbulent flow;

• Curle model: models surface distribution of dipole sources, noise from 

turbulent boundary layer flow over surfaces (fluctuating surface pressures);

• Pros: Identification of location of flow generated noise sources, 

approximation of associated sound power or dB level, comparison between

component designs;

• Cons: unable to capture noise from large-scale flow features, such as vortex

shedding.

Broadband noise source models
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TKE and Proudman
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• Last stable operating point: high production of

TKE and Proudman acoustic power in same areas

• Last stable operating point has a broader area of

high noise generation.
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Curle acoustic model
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• Both points: peaks at 

leading edges and 

higher noise production

under volute tongue

• Last stable operating 

point: smaller 

contribution from blade 

tip area; higher acoustic 

power under the tongue 

region
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Steady state model calculates far-field sound signal radiated from near-field flow

data from CFD simulation. Prediction of small amplitude acoustic pressure

fluctuations at a receiver

• Applies to 3D rotating cases;

• Thickness noise and Loading noise are major contributors when there is no 

installation effect;

• Propagation of sound in free space is considered. No sound reflections, 

refraction, or material property change are considered;

• Prediction of an unsteady time signal defining an artificial unsteady timestep;

CCGEx at the Royal Institute of Technology (KTH) • www.ccgex.kth.se

FW-H steady model
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FW-H steady model: 
720 steps/rev, 20 rev
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Receiver’s

location

ω = 134600 rpm

CCGEx at the Royal Institute of Technology (KTH) • www.ccgex.kth.se

RO

http://www.ccgex.kth.se/


Future plans:
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BorgWarner Turbo Systems – MP compressor:

• Analyse data gathered from broadband acoustic models and FW-H steady

model along paths of interest, look for trends;

• Test grids’ acoustic sensitivity, other receivers (FW-H steady model);

• Refine grids in view of unsteady simulations; run unsteady simulations 

(URANS, LES) on selected operating points;

• Data from unsteady simulations will be used to assess the validity of the 

acoustic predictions based on steady-state models;

• Installation effects: upstream/downstream elements in an intake system;

• LES: correlation of acoustic sources with far-field noise, addressing

industry towards noise suppression technologies.
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”Charging for the future”
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The Curle boundary layer model is the Curle integral based on Lighthill’s theory, 

which determined the equations of sound propagation in a medium at rest from 

the equation of continuity and momentum.

The Curle surface integral computes the sound generated by dipoles

representing the fluctuating surface pressures with which the solid boundaries

act on the fluid. The model evaluates far field noise emitted by turbulent 

boundary layer flow over a solid body at low Mach number.

Appendix: Curle model
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Appendix: Curle model
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Appendix: Curle model
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Appendix: Curle model
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Appendix: Proudman model
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Appendix: Proudman model
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Appendix: FW-H steady model
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Appendix: FW-H steady model
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Appendix: FW-H steady model
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Appendix: FW-H steady model
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Appendix: FW-H steady model
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Appendix: FW-H steady model
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Appendix: FW-H steady model
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Appendix: FW-H steady model
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Appendix: FW-H steady model
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Broadband noise source models

2017-09-12 29

Implicit to RANS turbulence modelling (isotropic turbulence

assumption):

• Turbulence-generated flow noise;

• Volume distribution of quadrupole sources, Surface distribution 

of dipole sources. Contributions to total acoustic power;

• Curle model: noise from turbulent boundary layer flow over 

surfaces (fluctuating surface pressures);

• Proudman model: noise from turbulent flow;

• Aim: to localize areas where it is necessary to optimize the 

mesh, to capture flow-generated aeroacoustic sources and 

frequencies of interest (mesh frequancy cut-off);



Appendix: Initial correlations
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Appendix: efficiency map
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