Recent Progress in Modeling the ElectriCOIL System

W. C. Solomon™, J. Zimmerman®, L. Skorski*, B. Woodard®,
D. L. Carroll™, J. T. Verdeyen®, and D. M. King®
“Univ. of Illinois, Dept. of Aeronautical and Astronautical Engineering, Urbana, Illinois 61801
"CU Aerospace, Urbana, Illinois 61801

ABSTRACT
Theoretical studies have indicated that fractions of O('A) can be produced in an electrical discharge that may
permit lasing of an electric discharge oxygen-iodine laser (ElectriCOIL) system, possibly in conjunction with the
injection of pre-dissociated iodine. In this paper, recent computations in the ElectriCOIL system are presented,
including gain and temperature influences involving several diluents. Experimental measurements of the RF
discharge region in the ElectriCOIL system are provided for comparison.
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1. INTRODUCTION

The classic chemical oxygen-iodine laser (COIL) [McDermott, 1978] operates on the electronic transition of the
iodine atom at 1315 nm, I*(*P,,,) — I(*P3;) + hv. The population inversion is obtained by a near resonant energy
transfer between the excited OZ(IA) molecule and the I atom ground state I(2P3/2) via OZ(IA) + I(2P3/2) & 02(32) +
I°Py). Traditionally, this pumping reaction is fed by a liquid chemistry singlet oxygen generator (SOG).
However, the difficult issues involving liquid SOG systems motivated the investigation of excitation of iodine via all
gas phase means by several research groups. AFRL recently demonstrated a new all gas phase iodine laser fed by
the NCI('A) molecule [Henshaw, 2000]. We believe that it is possible to construct a highly efficient electric
generation scheme to provide the precursor energy donor species O,('A) and that an electrically assisted COIL
system (ElectriCOIL) [Carroll, 2001; King, 2001; Verdeyen, 2002] can be realized. Researchers at CU Aerospace
(CUA) and the University of Illinois at Urbana-Champaign (UIUC) are now addressing the scientific and
engineering issues associated with this concept.

Workers in several countries have shown that flowing discharge tubes containing ground state oxygen can
produce significant quantities of the desired O,('A) precursor molecules. Benard and Pchelkin [Benard, 1978]
reported 11% yield using a microwave discharge. Fujii [Fujii, 1994] reported good success, 17% yield of O,('A),
with a small RF generator. More recently, Savin [Savin, 2002] reported 23% OZ(IA) in a plasmatron microwave
discharge. Hill [Hill, 2001] reported a value of 16% with a controlled-avalanche discharge scheme. Schmiedberger
[Schmiedberger, 2001] reported a 32% yield under low-pressure conditions (0.43 Torr) with an RF discharge.

2. EXPERIMENTAL RESULTS

A two-inch flow tube experiment was constructed to demonstrate generation of significant densities of O,('A)
and O,('T) by electrical means [King, 2001; Verdeyen, 2002]. Key flow and electrical parameters were varied to
characterize the system performance. Figure 1 depicts a block diagram of the experimental setup. RF power is
transferred to the flow through a “Pi” matching network driven by a 1-kW ENI OEM-12A RF power amplifier at
13.56 MHz. Diagnostics play a critical role in developing an understanding the ElectriCOIL system; as such, care
was taken to implement high quality diagnostics for evaluating the flow properties emerging from the discharge.

One of the primary measurements on the ElectriCOIL experiment is a spectrographic determination of [O,('Z)]
from its emission at 761.9 nm. A Santa Barbara Instruments Group, Inc. ST-6 CCD camera coupled to a
monochromator and a data acquisition computer, and employing KestrelSpec software, provides peak count levels
as viewed across the 2” flow cross-section. The monochromator can be translated along the flow axis to obtain
maps of O,['S] and temperature versus position. A typical scan exposure with Argon in the flow as a diluent yielded
the trace seen in Figure 2. Note that the illustrated spectra is taken downstream from the discharge and that the
observed atomic excitation must come from photo-excitation. The O-atom line is believed to be a consequence of
higher energy UV radiation created in the discharge and is representative of the relative strength of the discharge in
any particular region of the discharge (discussed in Carroll et al [Carroll, 2003]). Temperature information can be
calculated from the O,('T) spectra from the intensity of the different rotational energy states [Carroll, 2003]. When
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Fig. 19. Blaze II predictions of gain vs. distance from the
iodine injection point at the nozzle throat as a function of
absorbed electrical power. The secondary flow rates for
these cases were 0.10 mmol/s of I, and 4.0 mmol/s of He.
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Fig. 21. Blaze II predictions of gain vs. distance from the
iodine injection point at the nozzle throat as a function of
absorbed electrical power. The secondary flow rates for
these cases were 0.10 mmol/s of I, and 4.0 mmol/s of He.
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Fig. 20. Blaze II predictions of gain vs. distance from the
iodine injection point at the nozzle throat as a function of
absorbed electrical power. The secondary flow rates for
these cases were 0.20 mmol/s of I, and 8.0 mmol/s of He.
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Fig. 22. Blaze II predictions of gain vs. distance from the
iodine injection point at the nozzle throat as a function of
gas temperature 100 cm downstream from the discharge.
The secondary flow rates for these cases were 0.20 mmol/s
of I, and 8.0 mmol/s of He.

5. CONCLUDING REMARKS

One of the objectives of this work was to investigate in detail the discharge characteristics of an RF discharge in
pure oxygen and diluted oxygen mixtures for an electrically assisted chemical iodine laser (ElectriCOIL). Several
technologies need to be merged to lead to a successful demonstration of the ElectriCOIL concept. These include
discharge and injection techniques, further work with the properties of oxygen/diluent (Helium, Argon, Xenon)
discharges, and proper implementation of mixing in a supersonic expansion nozzle. We found that using diluents



will be beneficial to both the discharge physics and cooling of the generator flow. Mixtures of Helium and Argon
with other noble gases may be even better.

A large quantity of data was taken to investigate the effect of oxygen and diluent as a function of RF power
level and axial distance in the flow direction. The partial pressure of oxygen was held fixed at 2 Torr for all of these
cases. Differing diluent species yielded considerably different behaviors on the O,('A) and O,('Z) levels. Helium
provided a very significant increase in O,('A) signal while Argon provided a slight improvement. Both Helium and
Argon diluent provide a significant decrease in discharge temperature.

Extensive data including voltage, current, and E/N measurements on our capacitive RF discharge were taken.
Given the simplicity of the 1-dimensional electrodynamics model employed, GlobalKin predictions compared
reasonably well with these data. These comparisons give us added confidence that the GlobalKin model is making
reasonable predictions with regards to trends as one surveys the potential operational space.

The coupled GlobalKin/Blaze II modeling continues to indicate that it should be possible to achieve positive
gain and lasing with a supersonic nozzle. It should be noted that no effort has yet been made to optimize the nozzle,
iodine injection point, or secondary flow rates for optimal gain and laser performance. Previous calculations with
injection in the subsonic region and a VertiCOIL nozzle were very encouraging [Carroll, 2002b], so we believe this
configuration may work well as a possible hardware design improvement. We anticipate that significant
improvements can be made as the system continues to evolve.
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