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A shrinking-bed reactor was designed by NREL to maintain a constant bulk packing density of cellulosic biomass.  This high solid-to-liquid ratio in the pretreatment process would allow a high sugar yield to be obtained, thereby avoiding the need to flush large volumes of solution through the reactor.  A bench-scale shrinking-bed reactor was used in the hardwood yellow poplar sawdust pretreatment process and over 90% sugar yield was achieved.

To scale up the shrinking-bed reactor and make it more feasible for future industrial application, NREL had adapted the shrinking-bed reactor into the screw conveyor reactor where solid biomass was conveyed by a series of interrupted screws, with an interrupted flight employed to mimic the “shrinking bed” effect.  Initial studies of yellow poplar hardwood pretreatment with a pilot scale screw conveyor reactor resulted in a xylose yield of almost 90%.  Glucose yields from cellulose was slightly less than predicted from bench work at just under a normalized 25% yield.

In this study, computational fluid dynamics (CFD) was utilized to analyze the flow regime inside the screw conveyor reactor.  The Porous Media Model and the Rotating Reference Frame were used to simulate the flow pattern, velocity, pressure and other flow properties.  Based on simulation results, the screw conveyor reactor was redesigned to produce an even flow distribution resembling plug-flow.  The redesigned screw conveyor reactor was also simulated with CFD and compared with the original design.  Results of this study can be used to guide future screw conveyor reactor design and aid in commercialization. 
