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Project overview
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 ICE downsizing in automotive industry

• Regulations* and fuel economy

• Compressor noise

• Investigation: CFD/CAA: RANS, URANS, LES

• Practical relevance: Propagation in real systems: installation effects

 Project’s objective: physics-based 

understanding of the aerodynamically generated noise in turbocharger 

compressors

http://www.marine-knowledge.com/wp-content/uploads/2013/10/Turbocharger-

Working.png
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Research questions & approach
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 Research questions:

 Approach:

• 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?

• What are the limitations of the RANS-based formulations within the context? 

Trends, confidence intervals?

• RANS: compressor performance and acoustic models (advantages/limitations)

• LES (at a later stage): physics-based understanding

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


Computational setup
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 Compressor system

• 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

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


Results:

Compressor performance map
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 Pressure Ratio: RANS vs. Gas-stand data
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Results:

Temperature and TKE
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Broadband noise source models
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 Proudman model, Curle model (Lighthill’s analogy)

• RANS turbulence modelling, acoustic source information

• Turbulence-generated flow noise

• Proudman model: quadrupole sources

• Curle model: dipole sources

https://www.acs.psu.edu/drussell/
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Results:

Proudman and Curle models
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Summary and conclusions
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 Steady-state based investigation of compressor noise

 Conclusions

• Specific compressor performance parameters validated to experimental data

• Acoustic models in STAR-CCM+ utilised to localise areas of noise generation and 

estimate acoustic power level dB

• Suitable computational setup (compressor map)

• Noise generation areas: backflow/separation areas, volute tongue, leading edges

• Noise map: generated acoustic power proportional rpm, higher on surge/choke 

lines

Applicability of broadband noise source models to predict acoustic behaviour?

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


Future plans
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 Development towards correlation of sources and noise

• Refine grids for unsteady simulations (URANS  LES) on selected operating 

points

• Assess the validity of the RANS acoustic predictions

• Installation effects: upstream/downstream

• Compressible LES: quantification of acoustic sources and correlation of acoustic 

sources with far-field noise  Noise reduction technologies

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

Mach number and Cp
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From STAR-CCM+ User Manual
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