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Abstract

Theoretical and experimental 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. Results of those studies along with
more recent experimental results show that electric
excitation is a complex process that must be
investigated with advanced diagnostics along with
modeling to better understand this highly complex
system. In this paper, recent detailed experimental
measurements of the RF discharge region in the
ElectriCOIL system are presented, including E/N and
temperature measurements. Diagnostics play a critical
role in developing an understanding of the ElectriCOIL
system; and, as such, a great deal of care has been taken
to implement high quality diagnostics for evaluating the
flow properties emerging from the discharge region.
Spectroscopic temperature measurements are taken
from the O,('Z) emission data.

1.0 Introduction
The classic chemical oxygen-iodine laser (COIL)
[McDermott, 1978] operates on the electronic transition
of the iodine atom at 1315 nm, I*(2P1/2) — I(2P3/2) + hv.
The population inversion is obtained by a near resonant
energy transfer between the excited O,('A) molecule

and the I atom ground state I(2P3/2) via
0,('A) +1(CP3p) & 02C) +1CP1). (1)
Traditionally, this pumping reaction is fed by a liquid
chemistry singlet oxygen generator (SOG). However,

the logistic issues of dealing with the liquid SOG

"Engineering Director, CU Aerospace, Senior Member
ATAA

SStaff Engineer, CU Aerospace, Member AIAA

“Senior Scientist, CU Aerospace

"Graduate Student, University of Illinois at Urbana-
Champaign (UIUC), Member ATIAA

"Professor Emeritus, UTUC, Associate Fellow ATAA

Copyright © 2003 by the American Institute of
Aeronautics and Astronautics Inc. All rights reserved.

1

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 around the world have previously 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% O,('A) 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.

2.0 Experimental Results

CUA and UIUC are currently developing the
ElectriCOIL device. A two-inch flow tube experiment
was constructed to demonstrate generation of O,('A)
and O,('Z) 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 has been taken to
implement high quality diagnostics for evaluating the
flow properties emerging from the discharge region.

One of the primary measurements on the
ElectriCOIL experiment is a spectrographic
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driven electrode (this phenomenon is observed
experimentally). This complicates the data reduction
process as it requires some other measure of how much
current (power) runs between the electrodes, I;, and
how much runs upstream, I,. The current (and
equivalently the power) division ratio is determined
from the OCP) 777 nm line that shows up in the spectra
taken with the CCD, Fig. 2. A sample of the magnitude
of the 777 nm line as a function of spatial position
along the flow tube is illustrated in Fig. 4. It can be
seen that the data point just upstream of the discharge
region is approximately 25% of the value of the data
points in the discharge, while the data point just
downstream is insignificantly small (two orders of
magnitude) by comparison. These data were taken and
included in the measurements of E/N by reducing the
absorbed power by the appropriate fraction.
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Figure 3a. Circuit model of the capacitive discharge.
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Figure 3b. Phasor diagram for the circuit model of the
capacitive discharge.
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V1 = VoltageacrossCy (with a calibrationfactordetermineddy "cold"
measurements)

I L = Currentthrough the inductiveoil

R_ = Resistivdossof coil =0.233W(by measurement without the
plasma discharge but matched to the generator)

| 4 = CurrenttowardsPlasma

Pp = plasmapower=R - K - IER_ =14 Vg~ cosf

ép, U
f =cos 1@—‘3@ (see phasor diagram in Fig. 3)
8l 4Ve1g
- i __Va
1 = Stray capacitive current = —
“JAes

X g = reactance = 634W(18.5pF)

w=8.52"10" s~ =2p" 13.56 MHz
Ip=14-1I (phasor subtraction)

;—4 sin(90 - f)g
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Z p = Plasma Impedance = /

g =cos” 1
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Rp= PlasmaResistance Zp¥ cos(q) = Re(Zp)

Vp= PlasmaVoltage= Ip ¥Ry
V
E = ElectricField= Tp , whereL = dischargdengthin cm

Pcavity(Torr) y 273.15
760 T
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N = Total numberdensity= Loschmidts Number¥

Loschmidts Number= 2.69¥ 101 %¢m~3
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Figure 4. Strength of the OCP) 777 nm signal as a function of
flow position.
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Measurements of the plasma voltage and current
will be shown later in Section 3.0 with a comparison to
the electrodynamics model. Measurements of E/N
versus absorbed power as a function of diluent are
illustrated in Fig. 5. The desired effect of lowering E/N
with diluent is clearly shown.

E/N vs. Power Absorbed as a Function of Gas Mixture
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Figure 5. Experimentally measured values of E/N versus
power absorbed as a function of the gas mixture. The partial
pressure of oxygen was kept at 2 torr, thus the total pressure
of the mixture with Argon was 8 torr and the total pressure of
the mixture with Helium was 10 torr.
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Figure 6. Peak O,('A) signal from Wang detector versus
absorbed power as a function of the gas mixture.
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A large quantity of data was taken to investigate
the effect on 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. The results of some of the
parametric studies are presented in Figs. 5-11.
Differing diluent species yielded considerably different
behaviors on the O,('A) and O,('Z) levels. Figure 6
shows that Argon provides a slight positive change in
O,('A) signal while Helium provides a very significant
increase. Both Argon and Helium diluent provide a
significant reduction in discharge temperature, Fig. 7.

In Figs. 8 and 9 it is seen that the O,('Z) levels
drop rapidly (exponentially) in the flow direction after
the discharge; this effect is attributed primarily to
deactivation by O-atoms [Carroll, 2002a]. The peak
values are significantly higher with diluent, which is
consistent with corresponding increases in O,('A), Fig.
6.

Figs. 10 and 11 show that for pure oxygen the peak
temperature is around 650 K, whereas with Helium the
peak temperature is only about 430 K. Further, it is
seen that the temperature decreases with distance after
the discharge; this effect is due to cooling by the flow
tube walls that are passively cooled by air convection at
around 300 K. It is clear that Helium will significantly
help in controlling the temperature of the flow and the
overall thermal control of the system.

Peak Temperature vs. Power Absorbed
as a Function of Gas Mixture
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Figure 7. Peak discharge temperature versus absorbed
power as a function of the gas mixture.
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