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Abstract

Spatially and temporally resolved regression rate measurements were obtained for paraffin wax
combustion in a two-dimensional slab-type rocket motor configuration using an optically accessible
chamber. The use of high-intensity backlighting and a one-dimensional grey moment edge detection
allowed for sub-pixel accuracy for the regression rate of the fuel-grain surface. At higher oxidizer (gaseous
oxygen) mass fluxes approximately 50% of the fuel grain surface experienced a relatively uniform
regression rate (+/- 15%) and an increasing trend with streamwise position. For lower mass fluxes more
scatter was observed and the average regression rate decreased slightly along the length of the grain. The
spatially averaged regression rate was found to be constant after approximately two seconds of an ignition
transient. A novel method of removing the ignition wires at the slab’s leading edge to avoid artificial flow
obstruction was demonstrated. Visualization of the entire transient ignition process as well as flame
propagation along the slab length was obtained. The streamwise pressure gradient of the gaseous oxidizer
was controlled by modifying the combustor cross-sectional area. Favorable pressure gradients were
correlated to an amplification of the regression rate. Increased convective heat transfer associated with
a low shape factor typical of a favorable pressure gradient boundary layer was proposed as the mechanism
responsible for the increased regression rate. Flame progression rate was measured for various flow

conditions and was shown to increase with increasing axial mass flux.

Nomenclature

Acronyms

APG Adverse pressure gradient

DAQ Data acquisition

FDF Fully developed flow

FPG Favorable pressure gradient

FPS Frames per second

GOX Gaseous oxygen

HID High-intensity discharge

HTPB Hydroxyl terminated polybutadiene
IGI-1260 Paraffin wax produced by International Group Inc.
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