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Plasma based in-cylinder air-fuel eqivalence ratio quantification for gas engines

Spark-induced emission spectroscopy (SIBS) was developed as an
spectroscopic diagnostic method to characterize inductive coupled
discharges in homogenous methane-air mixtures at engine relevant
pressure levels in a quiescent constant volume cell. Spectral fingerprints
of different gas composition were identified to relate plasma emissions

to combustion

relevant parameters such as the

oxygen (O,

local air-fuel
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Introduction

Plasma emissions during the ignition process are a
fingerprint of the local gas composition. The local air-
fuel equivalence ratio A is one of the main parameters
for successful transition from an the ignition plasma to
the early flame kernel.
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Figure 1: Experimental setup

Results and discussion

SIBS spectra contribute to the understanding of the
transitional phase from the plasma channel

to the early flame kernel from a chemical
perspective. An inductive ignition system

is typically characterized by three distinct
phases: breakdown-, arc- and glow phase.
Mainly during the arc-phase, atomic emission
from the mixtures main constituents can be used
to characterize the mixture composition (Fig. 3).
Measuring emission line intensities of H, at 656 nm and
comparing those emissions to lines of oxygen O,,, at 777
nm and nitrogen N, ¢ at 746 nm allows to characterize
the local mixture composition in terms of the air-fuel
ratio A. The emission lines of the oxygen triplet show a
better signal level compared to the nitrogen emissions
between 744 and 746 nm, resulting in a better signal to
noise ratio for air-fuel equivalence ratio quantification.
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Methodology

Spark-induced breakdown spectroscopy (SIBS) is an
optical emission spectroscopy technique to analyze the
availability of different species during ignition [1]. The
impact of fuel composition, pressure, temperature and
other cross-sensitivity on the spectral characteristics

2) Ignition plasma
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Figure 2: Plasma emission along the electrode gap

4) Air-fuel ratio
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Figure 4: Intensity ratios of hydrogen, oxygen and nitrogen related
to the air-fuel ratio A

Cross-sensitivities and interaction with electrode

materials, hydrogen enrichment [2], turbulence and

[3],

recirculated exhaust gas, humidity have been and are

corresponding  plasma channel deflections

still being investigated.

) at 777 nm and nitrogen (N

equivalence ratio. Atomic emission lines of hydrogen (H,) at 656 nm,

,46) @t 746 nm in the arc-phase

of the electrical discharge and the corresponding ratios can be directly
related to the local air-fuel equivalence ratio. Thus, providing a versatile
tool to characterize the mixture composition at ignition timing.

are investigated in an optically accessible constant
volume cell (Fig. 1) at quiescent conditions. Experiments
were conducted for methane-air mixtures of different
stoichiometry at an engine relevant pressure level of 10
bar. Plasma emissions (Fig. 2) were extracted via a lens-
coupled and with

spectrometer compared

measurements via a fiber optic spark plug.

3) Spectral signature
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Figure 3: Spectral signature of methane-air mixtures
at different air-fuel equivalence ratios.

Expected impact

Significant advances in engine development are
currently limited by a poor understanding of the details
of ignition and flame development at the early stage of
combustion. However, the formation and development
of the flame at the early stage of combustion greatly
influence the later flame propagation and thus the
combustion process and stability.

The spectroscopic data of the ignition event enhances
the understanding of the transition from the plasma to
the early flame kernel and allows to further refine and
validate CFD models of the ignition process. Integrating
this method into an optical spark plug provides insight
into the ignition process and can reveal important
information on a cycle to cycle basis.
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