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1) Prologue
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2007-2009: “Re-inventing the wheel” 
→ I wanted to program Navier-Stokes solver 
→ Fourier pseudo-spectral CFD solver (“turbulent fluid flow”) 
Vuorinen et al. (2016) https://www.sciencedirect.com/science/article/pii/S0010465516300388
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Sprays
 
(PhD in 2010: CFD simulation 
of fuel sprays in 2010)

Fig: Robert Howie
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→ Important ≠ necessary ?
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2) Computational fluid dynamics at Aalto in 2023
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Supercomputer Mahti, BullSequana XH2000 from Atos. Image: CSC 2020. 



3) Myths behind hydrogen
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Myth 1: Hydrogen is fossil free
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Fossil vs green hydrogen. Most hydrogen nowadays from fossil sources.
Japan Science and Technology Agency, available at http://www.jst.go.jp/sip/pdf/SIP_energycarriers2016_en.pdf
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Myth 2: Hydrogen is the primary future fuel
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Other synthetic fuels needed to solve the hydrogen storage problem
 
→ E.g. easy to liquify: ammonia (NH

3
), methane (CH

4
), propane (C

3
H

8
) or methanol 

(CH
3
OH)

H. Kobayashi et al. / Proceedings of the Combustion Institute 37 (2019) 109–133
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Myth 3: Hydrogen is simple: H
2 
+ ½O

2 
→ H

2
O
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“Hydrogen + Oxygen → Water”
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O'Connaire, M., H. J. Curran, J. M. Simmie, W. J. Pitz, and 
C. K. Westbrook,
 "A Comprehensive Modeling Study of Hydrogen Oxidation,"
 Int. J. Chem. Kinet., 36:603-622, 2004 (UCRL-JC-152569).

Hydrogen combustion is 
complex and also produces 
nitric oxide emissions 

E.g. Westbrook et al. (2004)
→ 19 chemical reactions
→ 11 molecule species

https://www.nytimes.com/2008/07/22/science/22inno.html
https://combustion.llnl.gov/sites/combustion/files/2020-10/h2_paper.pdf


Myth 4: Hydrogen combustion is purely chemistry
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Hydrogen flames are 3D and they involve complex physics and 
chemistry 

- Fluid dynamics (gas velocity/temperature/density variation) 
- Chemical reactions of combustion
- Thermodynamics and heat transfer

Simulated hydrogen jet flame (turbulent)
I.Morev

https://www.nytimes.com/2008/07/22/science/22inno.html
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Simulated hydrogen jet flame (steady)
I.Morev

3D flame structure essential (e.g. flame stability)

Experiment vs 
simulation
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Myth 5: Hydrogen + green fuels: “just use them” 
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Different fuels – including green fuels – may have very different burning 
characteristics (ignition time and flame speed) affecting combustion 
dynamics strongly. Hydrogen is a very different fuel than what we are 
used to. Retrofitting, optimization, combustion research needed!

Courtesy: P.Tamadonfar

https://www.nytimes.com/2008/07/22/science/22inno.html


Myth 6: Green fuels → no emissions
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[just 0.4% of ammonia converting into N
2
O 

(GWP
N2O

=273) may negate climate benefits of 

green ammonia ...]

Green fuels: not automatically clean! E.g. hydrogen gives NOx emissions. 
Ammonia N

2
O emissions.   

https://www.nytimes.com/2008/07/22/science/22inno.html


4) Participation of Aalto University in 
international efforts to understand hydrogen
flames via the HENNES Business Finland project

https://www.nytimes.com/2008/07/22/science/22inno.html

https://www.nytimes.com/2008/07/22/science/22inno.html




May 2023: International initiative to compare different CFD codes against
High quality experimental data on three hydrogen flame rigs



Large-eddy simulation of HYLON Flame A setup (TOULOUSE rig):
non-premixed hydrogen combustion
Courtesy: Z.Shahin (M.Sc. thesis 2023)


Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.



Large-eddy simulation of HYLON Flame A setup (TOULOUSE rig):
non-premixed hydrogen combustion → predictive methods
Courtesy: Z.Shahin (M.Sc. thesis 2023)



a) b) c) d)



Courtesy: Z.Shahin (M.Sc. thesis 2023)



Courtesy: Z.Shahin (M.Sc. thesis 2023)



5) Concluding remarks
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My career 1/2: Energy story and towards hydrogen

My career 2/2: From basic research to societal relevance – airborne transmission 
    COVID-19 

H2 flame A  (Z.Shahin)



PhD 2010

My career 1/2: Energy story and towards hydrogen

My career 2/2: From basic research to SCICOM and societal relevance – 
    airborne transmission of COVID-19 

Fig. M.Korhonen Sim. M.Auvinen&A.Hellsten

Vuorinen et al. (2020) https://www.sciencedirect.com/science/article/pii/S0925753520302630

+



Summing up what matters

1) “God is in the details” 

2) Power of team collaboration and multidisciplinary work

3) Investments in research + education (PhD & MSc degrees)

4) Wave the flag

5) “Simulation has become the third scientific pillar alongside 
theory and experiments” (Prof. C.Hasse/Nov. 6th 2023) 
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