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Introduction

In the context of global warming, the necessity of efficient and
low emission combustion applications arises. The current
tendency in technology is towards smaller internal combustion
engines, that enable higher pressure ratios and, therefore, reach
higher efficiencies. However, this evolution increases the surface
to volume ratio that leads to a growing influence of near wall
phenomena on the overall combustion process. Additionally, for
the transformation to a CO2-neutral energy system, finding
replacements for fossil fuels is essential. These alternative fuels
are produced from biomass or by using H2 from renewable
electricity and CO2 from the atmosphere, and thereby allow for
a CO2-neutral combustion process. Dimethyl ether (DME) is a
promising low-emission and environmentally friendly alternative
to diesel and possesses the potential to become an important
fuel in the future. The interaction of the flame with the
surrounding walls has a crucial influence on the overall
efficiency. Due to heat-losses at the cold walls, the chemical
reactions within the flame may stagnate. This leads to
incomplete combustion in close vicinity to the walls, which has a
major impact on pollutant formation. To develop new features
for the optimization of geometries and operating conditions in
modern, low emission internal combustion engines, the
understanding of the underlying processes of the chemical
reacting near wall flow is essential. Furthermore, for more
complex flame configurations, like flame-wall interactions, DME
can serve as a starting point for systematic studies of more
complex oxygenated fuels. In this project, a Direct Numerical
Simulation (DNS) of the flame wall interaction of a dimethyl
ether (DME) flame will be performed. Results from the DNS will
provide detailed insight into the underlying physics of near wall
combustion and pollutant formation. The results will also serve
as a database for validation of novel strategies for tabulated
chemistry approaches in Large Eddy Simulations (LES) of near
wall combustion. The development and validation of a tabulation
strategy able to capture the effects of differential diffusion -
omitting the common restriction of a unity Lewis number
assumption- pose a fundamental step in making LES of
combustion processes of alternative fuels (e.g. DME, Hydrogen
or Hydrogen-Blends) feasible in complex geometries.

Methods

Simulations are carried out using the robust cell-centred finite-
volume framework in the open source toolbox OpenFOAM and
two custom numerical solvers. For the Direct Numerical
Simulation with detailed chemistry and mixture averaged
diffusion, a solver developed at the Engler-Bunte-Institute of
Karlsruher Institute of Technology will be used. This solver
makes use of a coupling to Cantera, the Sundials library and
operator splitting to efficiently solve the computationally
demanding part of detailed chemistry. In the LES tabulated
chemistry will be used in combination with the artificial
thickened flame model for closure of turbulence-chemistry-
interaction. For the LES a custom solver developed by STFS at
TU Darmstadt will be used.

printed 28. Apr 2026 - 19:25 https://www.hkhlir.de/projects/2370 page 2 of 3

JUSTUS-LIEBIG- G TECHNISCHE
=] UNIVERSITAT 53 e UNIKASSEL
\ 1/ GIESSEN L7 DARMSTADT VERSITAT



https://www.hkhlr.de/projects/2370

Publications

Ganter, S. et al. (2018) Laminar near-wall combustion: Analysis of
tabulated chemistry simulations by means of detailed kinetics. Int. J.
Heat Fluid Flow 70, 259- 270.
https://doi.org/10.1016/j.ijheatfluidflow.2018.02.015

Steinhausen, M., Luo, Y., Popp, S. et al. (2021) Numerical Investigation of
Local Heat- Release Rates and Thermo-Chemical States in Side-Wall
Quenching of Laminar Methane and Dimethyl Ether Flames. Flow
Turbulence Combust 106, 681-700.
https://doi.org/10.1007/s10494-020-00146-w

Zirwes, T., Zhang, F., Habisreuther, P., Hansinger, M., Bockhorn, H.,
Pfitzner, M., Trimis, D. (2020) Quasi-DNS Dataset of a Piloted Flame with
Inhomogeneous Inlet Conditions; Flow, Turbulence and Combustion. Vol.
104, pp. 997-1027. https://doi.org/10.1007/s10494-019-00081-5

Zirwes, T., Zhang, F., Denev, J.A., Habisreuther, P., Bockhorn, H. (2018)
Automated Code Generation for Maximizing Performance of Detailed
Chemistry Calculations in OpenFOAM. In: Nagel W., Kr ner D., Resch M.
(eds) High Performance Computing in Science and Engineering 17.
Springer, Cham. https://doi.org/10.1007/978-3-319-68394-2 11

Popp, S. et al. (2015) LES flamelet-progress variable modeling and
measurements of a turbulent partially-premixed dimethyl ether jet
flame. Combust. Flame 162, 3016- 3029.
https://doi.org/10.1016/j.combustflame.2015.05.004

Last Update: 2022-04-27 15:54

printed 28. Apr 2026 - 19:25 https://www.hkhlir.de/projects/2370

JUSTUS-LIEBIG-
=] UNIVERSITAT
\ 1/ GIESSEN

(R, UNIVERSITAT F =
7 DARMSTADT VERSITAT

4 TECHNISCHE UNIKASSEL Philip

Universitdt
Marburg

page 3 of 3


https://doi.org/10.1016/j.ijheatfluidflow.2018.02.015
https://doi.org/10.1007/s10494-020-00146-w
https://doi.org/10.1007/s10494-019-00081-5
https://doi.org/10.1007/978-3-319-68394-2_11
https://doi.org/10.1016/j.combustflame.2015.05.004
http://www.tcpdf.org
https://www.hkhlr.de/projects/2370

