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A prospective unseeded hydrogen plasma-based high-Mambenfuel is a complex mix-
ture of at minimum three initial species: noble gas)( hydrogen, and air. Noble gas is added
in the mixture to reduce the penalty of ionization. Howetee, presence of hydrogen, nitrogen,
and oxygen molecules leads to complex branching intecahdhemistry, which may result in the
decrease of the degree of ionization. These processes alg poderstood and their study is the
primary motivation for the present work. Effects on plasmgpgrties upon addition of hydrogen
have been noted in many cases [1-4].

In this work we are comparing experimental results on theedse of ionization in aAr
plasma with variable (+ 10 %) addition of hydrogen in two flowing pulsed dischargesi— m
crowave cavity discharge operating in the initial pressarge from 0l to 10kPa(static pressure
range from (6 to 50kPg) and a pulsed dc discharge operating in the initial presenge 1 to
10kPa, but at static pressure 20 to 4kPa Apart from the pressure range, the two discharges dif-
fer in the degree of ionization, and departure from Sahdibguim. Both discharges could serve
as generic plasma sources for flowing combustion reactoes,ab sub-atmospheric and other at
super-atmospheric pressures serving as fuel reformativicets in renewable energy sources.

The initial question how addition of hydrogen in Argon plasaifects the discharge kinetics
and parameters at sub-atmospheric and super-atmosphesisupes is addressed in this paper.
Further addition of fuel components was planned and exddat¢he supersonic, low pressure
version [1], but it is still in preparation for the high press version.
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. Fig. 2: Electron density drop in the cavity
Fig. 1: Scheme of supersonic microwave microwave discharge at 3(®g, with dif-

discharge. ferent initial amounts ol in the mixture.
Statistical error is indicated.

The pulsed light source used for this study is laboratoryerladl pressure pulsed plasma
source of specific design [5] with possibility to generatghhelectron humber density helium
plasma withNe up to 1¢* m~2. The schematic drawing of discharge tube, together witkegxp
mental setup is given in Fig. 3. The separation between tangdectrodes (placed inside a quartz
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tube with an inner diameter of 8 mm) was 8 cm. Each electrodeah@d.6 mm diameter cen-
tral opening to enable interferometric and spectroscomasurements along the axis of plasma
column.
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Fig. 3: Experimental setup

The discharge was driven by the low inductancguExapacitor charged in this experiment
up to 6kV. In order to decrease the circuit inductance three elecatites are coaxially connected
with cathode. For data acquisition two different line shapeording systems were used. In the
first one, see right hand side of Fig. 3, a 1: 1 image of the pasource is projected, by means
of: flat M2 and focusingM3 mirror (diameteD = 50 mmand focal lengthf = 100 cm), onto
the entrance slit (Limwide and Immvertical opening) of a Inmonochromator (inverse linear
dispersion B33 nm/mm). Behind the exit slit (15um) of the spectrometer thermoelectrically
cooled photomultiplier (PMT) EMI 9813QB was mounted. Thea® data acquisition system
is based on a.8 m Shamrock 303 spectrometer equipped with Andor ICCD camétzZd. A
1:1 image of the plasma source was projected on theri@ntrance slit by means of an optional
folding mirror M1 and quartz focusing lerid (D =36 mm f = 33.6 cm), see Figs. 1 and 2. The
camera was synchronized with the trigger pulse forming atw TPFN activated by the pulse
from the Rogowski coil.

Our primary aim is to determine the extent of ionization Idse to the addition of hydrogen
and air in two discharges that are the closest by configurdtidhe anticipated plasma-assisted
hydrogen combustion devices in high-Mach number gas floveslitionally, we aim to use non-
invasive,in situ diagnostic techniques to study the mechanisms of ionizdtiss and consequent
decrease of active radicals needed for the enhancementiden oxidation.
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