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Computational Team of Prof. Ville Vuorinen
2 post-docs, 7 PhD students

Prof. V.Vuorinen
Academy of 
Finland  Research 
Fellow 2014-2016

On-going research projects using LES CFD
● Turbulence and engine combustion
● Boilers and black liquor sprays 
● Applied heat transfer
● Engine sprays 

Education and background
● M.Sc.(Tech.): Computational Physics (2004) 
● PhD: LES of Sprays  (2010)
● Post-doc: Compressible flow LES (2010-2016)
● Assistant Professor: CFD in energy (2014-)

Experience
● 35 journal publications
● 2 supervised PhD thesis on engine CFD

defended in 2016
● 10+ year experience in CFD/LES methods
● Developer of various LES codes

Wehrfrtiz et al., Combustion & Flame  (2016) 

Vuorinen et al., Phys. Fluids (2014)

Liquid Spray Combustion

Compressible, high-speed flow

SCR Sprays

Kaario et al., Energy  (2017) 



Challenges in CFD of IC-Engines Tackled at 
Aalto 2007-2017

Turbulence:
Large-Eddy 
Simulations

Wall heat transfer

Chemistry: premixed combustion

Supersonic flows and Gas DI

Chemistry: 
Non-premixed
Spray combustion

High Performance Computing  and Software

Ignition, Cyclic Variations, Moving Mesh

simulation experiment

Phd thesis: 
J.P.Keskinen 
(2016)

Phd thesis:Wehrfritz (2016)

Vuorinen et al., Phys. Fluids (2014)
K.Keskinen et al., Energy (2016)

M.Nuutinen et al., 
J.Eng.Research (2014)

CSC: SISUCray XC40 

Vuorinen et al., 
Adv.Eng.Soft. (2016)

Courtesy of 
H.Kahila (2016)



Outline

1) Solution to wall heat transfer as computational “bottle-neck”

 
2) New insight to temperature stratification during compression

3) Ignition and potential of Large Eddy Simulation for predicting
cycle-to-cycle variations 



Advanced Wall Heat Transfer Model by Nuutinen et al. 
(2014) and Extension to LES by K.Keskinen et al. (2017)



Main Objective: Fast, Accurate Simulations on Coarse 
Resolution

Coarse Grid – Short Time Fine Grid – Long Time 
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Advanced wall model offers:
- accurate turbulence statistics on
coarse grids
- 100-1000 times faster than DNS 



Courtesy of K.Keskinen/Aalto 
(to be submitted in 2017)



Temperature of Compressing Gas in the Cylinder

Phys.Fluids, Schmidt et al. (2015)

Comp.Fluids, 
J.P. Keskinen et al. (2015)

Courtesy of K.Keskinen/Aalto 
(to be submitted in 2017)
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Temperature of Compressing Gas in the Cylinder

Farther from wall

Very close to wall

Courtesy of K.Keskinen/Aalto 
(to be submitted in 2017)



Temperature of Compressing Gas in the Cylinder

Farther from wall

Very close to wall

Courtesy of K.Keskinen/Aalto 
(to be submitted in 2017)

DNS: courtesy of 
Schmidt et al.
Proc.Comb.Inst. (2015)



Spark Ignited Lean Methane-Air Mixture

Courtesy of M.Ghaderi-Masouleh/Aalto 
(to be submitted in 2017)
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Courtesy of M.Ghaderi-Masouleh/Aalto 
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Why Are There Cycle-to-Cycle Variations in Pressure 
Trace? Courtesy of M.Ghaderi-Masouleh/Aalto 

(to be submitted in 2017)



Conclusions

● Wall heat transfer → good models may enable fast LES
 

● Stratification → significant 

● Wall stratification → significant, linkage to methane slip, combustion
irregularities

● LES → insight to details
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