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Abstract

This paper investigates advanced mixing nozzle concepts for the chemical oxygen-iodine laser (COIL) that will
significantly improve the chemical efficiency of such systems. It is believed that innovative nozzle design improvements
should increase COIL chemical efficiencies. This technology will logically include injection of atomic rather than molecular
iodine. The resulting family of advanced nozzles will have major implications for the military programs as well as evolving
industrial COIL systems. Research into these concepts will improve chemical efficiencies, reduce gain generator subsystem
cost and weight, reduce loading on optical components, and improve pressure recovery. Use of the well calibrated and
economical VertiCOIL facility at UIUC will allow a number of advanced nozzle concepts to be implemented and examined in
detail.

1. Introduction

The Chemical Oxygen-lodine Laser (COIL) was developed first by the United States Air Force in 1978 [McDermott,
1978]. Since that initial demonstration COIL technology has undergone numerous improvements [Truesdell, 1992] and
chemical efficiencies as high as 27-30% using helium diluent have been demonstrated [Rittenhouse, 1998; Yang, 1997]. Much
of the COIL technology development to date has focused on the singlet-oxygen generator (SOG) and the liquid SOG
technology has developed to a fairly mature state; major improvements to the aqueous system are less likely to occur, especially
in terms of efficiency to weight. However, the basic COIL nozzle design has changed little over the past decade. It is believed
that significant COIL system improvements can be made via advanced nozzle concepts as well as possible gaseous energy
donor concepts. Improvements in nozzle design are likely to be of considerable benefit to the military programs, in addition to
improving the economic viability of commercial/industrial COIL systems that are presently being pursued.

Several gain generator technology developments are needed to allow chemical oxygen-iodine laser (COIL) systems to
achieve their full potential as efficient producers of 1.3 um laser beams. These include: 1) Supersonic mixing nozzle
efficiencies; 2) Media and beam quality properties; 3) Pressure recovery potential; and 4) Improvements in the O,('A) generator
subsystems. This paper addresses the first issue, innovative improvements in mixing nozzle technologies, but development of a
new family of mixing nozzles will also have a direct impact on improvements needed in 2 and 3.

The Department of Defense (DOD), and the Air Force in particular, have several important technology thrusts and
development programs which would benefit from the nozzle development efforts proposed herein. The Airborne Laser (ABL)
and any follow-on efforts would be impacted from proposed efficiency improvements in order to reduce the volume and weight
of the laser gain generator and support systems. Improved intensity distribution on mirrors will directly transform into
improved optical quality of output beams. Good pressure recovery is essential for operation at lower altitudes. Any improved
laser nozzle must address all these issues.

The Air Force, for example, has taken a great deal of care in characterizing well-known laser nozzle configurations
and oxygen generators [Truesdell, 1992; Truesdell, 1996; Kendrick, 1998]. They have developed sophisticated diagnostics and
conducted detailed analyses of the nozzle flowfields involved. Their laser performance with helium diluent is well
characterized and we consider the design of their nozzle (used in RADICL and VertiCOIL) as our “baseline” for the advanced
work suggested herein. UIUC has conducted additional work with nitrogen diluent using VertiCOIL. One of the major
outcomes from these studies points to the need to develop a more efficient laser nozzle (or family of nozzles). Other critical
technologies include the development of an appropriate optical extraction system, and pressure recovery schemes. This paper
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wavelength of 1.315 um. Other candidates to be considered would be those susceptible to breaking bonds in iodine
containing molecules such as CH;l, although their subsequent chemistry may make them ineffective.
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Figure 4. Illustrations of different nozzle concepts to be investigated. (a) Sonic injection into the subsonic stream, (b) sonic
injection at the throat, (c) sonic or supersonic injection into the supersonic flow, (d) sonic injection at the throat plus sonic or
supersonic injection into the supersonic flow, (e) low velocity injection into the boundary layer of the supersonic flow, (f)
super/hypersonic wedges which inject into the supersonic flow, (g) Cassady-type grid nozzle, (h) staggered screen nozzle
injection, and (i) an axisymmetric injection scheme.

(3) Thermal dissociation
High temperature thermal dissociation of molecular iodine is another option. Heating the iodine to 1000-1200 K will result
in a large dissociation fraction of the initially molecular iodine. Since there are considerable logistic problems with
maintaining such a high temperature for long flow distances through gas supply lines, this scheme would likely require a
specialized secondary nozzle that would superheat the iodine and secondary diluent just prior to injection. This type of
scheme was implemented by Bell Aerospace Textron in 1982 [Bell Aerospace Textron, 1982] in which two resistively
heated 0.64 cm diameter platinum sidewall spray bars were used to inject a secondary iodine flow with a total temperature

74



