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Thermo-diffusive effects in 2D Plane-Jet Flames
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Example of thermo-diffusive instabilities

* H,/air, ¢ = 0.4, atmospheric conditions, initial perturbation 65,

« 2D, 100 Mio. cells, 12 cm x 36 cm
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Example of thermo-diffusive instabilities

Temperature Heat Release Rate
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In-house OpenFOAM solver for reacting flows with preferential diffusion

* OpenFOAM has no models for detailed transport

» Reactive flow solver EBldnsFoam uses Cantera for transport coefficients

OpenVFOAM
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Evaluation of thermo-chemical properties:

e molecular viscosity u
e thermal conductivity A
e diffusion coeflicients Dy

e heat capacity ¢,
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Formation of cellular structures



Computational Setup

outlet: V, -u=0, V.Y, =0, V,,7 = 0, wave transmissive boundary for pressure

burnt gas ¢ H2/air’ (:b = 0.4

flame front
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Cell formation in 2D

t=152ms

* H,-air, ¢ = 0.4,
atmospheric conditions

inlet H,/air
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* Initial perturbation:
A - 86th,a — 0'055th
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Mix.-avg.

* Breakdown into
secondary structures
earlier with Multi-
comp. diffusion

Thorsten Zirwes

Multi-component + Soret
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Cell formation in 2D iso-surface Yi, i iso-surface Tl
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Cell formation in 3D

- Same morphology as 2D:

» Development of primary cells
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Cell formation in 3D
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« Temperature iso-surfaces at 1100 K
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Cell formation in 3D

 Area growths faster in 3D

 More extreme
curvatures in 3D
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t = 10ms

Cell formation in 3D
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Conclusions

* Numerical investigation of preferential diffusion effects with resolved simulations

* Cell formation of lean hydrogen flames depends on diffusion model
« Multi-component diffusion and Soret diffusion do not significantly affect linear
stability regime
« But acceleration of non-linear secondary cell formation
« 3D simulations compared to 2D simulations exhibit:
* larger curvature ranges
* locally more strongly enhanced heat release rates
« faster propagation and relative surface growth

* Influence of 3D vs. 2D larger than influence of diffusion model

University of Stuttgart Thorsten Zirwes 23/07/2024

15



ﬁ University of Stuttgart
“WET |nstitute for Combustion Technology (ITV)

Thank you!

Thorsten Zirwes

e-mail thorsten.zirwes@itv.uni-stuttgart.de
phone +49 (0) 711 685-65637

www.itv.uni-stuttgart.de/institut/team/Zirwes/

University of Stuttgart
Institute for Combustion Technology (ITV)

Pfaffenwaldring 31, 70569 Stuttgart, Germany
Room 03.313




