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Flame Zone of a Composite Propellant Expanded by a Laser Source 

A laser source can be used to heat the surface of 

a propellant in order to sustain combustion at 

greatly reduced pressures, expanding the flame 

zone to a scale large enough for studying its struc-

ture. The flame zone thickness of a composite pro-

pellant (an oxidizer such as ammonium perchlorate 

and a polymeric fuel binder) is normally so small 

that studying the thermal, compositional, and flow 

structures of the flame by macroscopic means such 

as probes becomes very difficult. 

One approach to flame zone studies is to ex-

pand the zone to a more convenient scale by 

reducing the pressure in the combustion chamber. 

The combustion of the propellant, however, is sus-

tained by heat conducted from the flame zone. Since 

the temperature gradient in the gas phase adjacent 

to the propellant surface decreases with expansion of 

the flame zone, quenching usually results befire the 

flame zone can be expanded to a useful size. 

A normal combustion environment for ammonium 

perchlorate propellants, composed of particles in 

the micron range, involves rapid regression rates 

(0.5 to 2.0 cm/sec) at pressures in the range of 1.01 

to 10.1 MN/m 2 . Under these conditions, vaporiza-

tion of the solid is maintained by conductive heat 

feedback from a gas flame, whose distance from the 

propellant surface is also in the micron range. Since 

analytical probes cannot be miniaturized to the 

scale of such flames, their structures have largely 

been a matter of conjecture. With decreasing pres-

sure, however, the flame zone thickness of premixed 

flames increases, increasing the feasibility of probing 

their structures. But decreasing pressure also means 

a diminished burning rate because the temperature 

gradient above the surface decreases as the flame

zone thickness increases. Few propellants burn 

freely at pressures substantially below 0.1 MN/m2. 

Even those propellants that sustain combustion at' 

low pressures have particle radii so small that the 

characteristic diffusion length is still microscopic. 

Attempts to expand the flame zone by increasing 

particle radii have been unsuccessful, since the 

propellant soon ceases to burn freely, and ex-

tinguishes at some particle radius for which the 

flame zone is still too small for convenient prob-

ing. 

The use of an external radiant CO 2 laser source 

to sustain and control the surface regression rate has 

resolved these scaling problems. The technique allows 

the heat input to the burning surface to be regu-

lated, independent of ambient pressure. The pressure 

may then be lowered to the order of 0.01 MN/m2, 

and the particle radii becomes macroscopic. Since 

the laser maintains the required heat input, the pro-

pellant continues to burn. In effect, this new technique 

scales the flame structure linearly with the gas 

kinetic mean free path, which increases two to 

three orders of magnitude as the pressure decreases a 

like amount. The kinetic and transport time scales 

are expanded in proportion so that the regression 

rates for the laser-induced flames are two to three 

orders of magnitude slower (0.02 to 0.04 .crn/sec).. 
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