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Characteristics of Alumina Particles from Solid Rocket Motor Exhaust in the Stratosphere
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Abstract: Based on currently available data, a 

unified model for the particle size distribution, 

particle density, and geometrical dispersion for the 

alumina particles in the exhaust of a Titan SRM 

plume in the stratosphere is presented. The 

particle size distribution is found to be trimodal 

with Sauter mean diameters of 0.056, 1.0, and 3.6 um for the small, medium, and large size 

modes, respectively. Nearly all the particles lie within the small size mode, but nearly all the 

mass lies in the large size mode. About two-thirds of the particle surface area available for 

heterogeneous chemical reactions is due to the large particle mode while most of the 

remaining surface area is due to the small particle mode. The light scattering characteristics 

of the plume were also explored. Mie scattering calculations were used to predict the local 

attenuation of the plume as a function of wavelength and the total attenuation of a beam of 

radiation through the plume making an arbitrary angle with respect to the axis of the plume 

and as a function of time after SRM passage for several wavelengths in ultraviolet, visible, 

and infrared spectral regions. These studies show that most of the attenuation is due to the 

large-size mode. An expression for the volume density of total area of the particles is derived 

in terms of known parameters and the Sauter mean diameter. Mie theory is then used to show 

that this Sauter mean diameter can be measured using a two-color transmissometer.  
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