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Despite rapid electric vehicle adoption rates in U.S., Chinese, and European markets, 
internal combustion engines are expected to remain the dominate powertrain option for 
the roughly 10 billion vehicles sold worldwide between now and 2050. Thus, an important 
path to reduced transportation sector greenhouse gas and pollutant emissions will be to 
develop cleaner and more e�  cient combustion engines that are capable of utilizing low-
carbon intensity fuel stocks. Technological advances such as high-pressure direct injection, 
variable valve actuation, and cylinder downsizing have led to substantial e�  ciency 
improvements. Further improvements have been achieved in research settings by utilizing 
increased compression ratios and higher excess-air or exhaust gas charge dilution rates. 
However, poor cyclic variability at these more challenging conditions degrades engine 
performance in practical applications. Low-temperature plasma (LTP) igniters have been 
found to improve cyclic stability through a combination of larger ignition kernel volumes 
and the generation of active radicals that enhance fl ame speeds. Moreover, these igniters 
have the potential to tailor charge reactivity characteristics through the formation species 
such as ozone. However, little is known about the discharge physics or the subsequent 
ignition mechanisms at engine-relevant conditions and with fuel-containing mixtures. 

In my talk I will discuss ongoing research to investigate LTP ignition phenomena through 
experiments performed in optically accessible vessels and engines. We have focused on 
a specifi c class of LTP ignition often referred to as transient plasma ignition (TPI), where 
strong non-equilibrium plasm is formed though high-voltage (10s of kV), short-duration 
(10s of nanoseconds), repetitive (10 pulse burst at 10 kHz) electrical discharges using pin-
to-pin or barrier discharge electrode confi gurations. Impactful measurements that will 
be discussed will include: quantitative two-photon absorption laser induced fl uorescence 
measurements of atomic oxygen concentrations, high-speed schlieren imaging used to 
measure post-discharge streamer behavior as well as early fl ame kernel growth rates, and 
ultraviolet absorption was used to measure ozone formation rates. These data have been 
used to validate complementary high-fi delity discharge and ignition simulations performed 
at Argonne National Laboratory. We observed that ignition occurs very early in the pulse 
burst and that the fl ame is sustained by energy deposition from subsequent discharges. 
The highest dilution tolerance was achieved with the barrier discharge igniter due to 
localized breakdown at the insulator base. However, this came at expense of higher voltage 
requirements that increase energy draw and requires more complex pulse generator 
technology. I will conclude with some discussion of new combustion strategies that are 

enabled with these LTP ignition systems. 
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