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ABSTRACT 

BioUefineUieV Zhich Veek Wo conYeUW biomaVV inWo eWhanol face man\ diffeUenW challengeV, and 

among Whem, mechanical failXUe of eTXiSmenW iV common. UnfoUWXnaWel\, Whe UeVXlWing doZnWime 

can VignificanWl\ UedXce Whe SUofiWabiliW\ and Whe YiabiliW\ of bioeWhanol SlanWV. One imSoUWanW Siece 

of mechanical eTXiSmenW in WhiV VeWWing iV Whe comSUeVVion VcUeZ feedeU, Zhich iV XVed boWh Wo 

conYe\ and comSUeVV biomaVV inWo SUeVVXUi]ed chemical UeacWoUV. HoZeYeU, dXe Wo Whe YaUiabiliW\ 

of feedVWock SUoSeUWieV, WhiV feeding oSeUaWion iV challenging. An anal\Wical model foU SUedicWing 

Whe oSeUaWional VWead\-VWaWe WoUTXe of a comSUeVVion VcUeZ feedeU can aVViVW Whe idenWificaWion of 

oSWimal SUoceVVing condiWionV, aV Zell aV SUedicW and SUeYenW eTXiSmenW failXUe.  

Since WheVe modelV haYe noW \eW been SUoSoVed, WhiV WheViV UeVWUicWV aWWenWion Wo milled coUn 

VWoYeU and inYeVWigaWeV Whe aSSlicaWion of Whe diVcUeWe elemenW meWhod (DEM) and anal\Wical 

WechniTXeV Wo deYeloS SUedicWiYe modelV foU Whe VWUeVVeV and WoUTXeV deYeloSed inVide a 

comSUeVVion VcUeZ feedeU. SSecificall\, DEM VimXlaWionV aUe XVed Wo idenWif\ and VWXd\ Whe 

VWUeVVeV ZiWhin Whe diffeUenW VecWionV of a UeSUeVenWaWiYe comSUeVVion VcUeZ feedeU foU WhUee 

backSUeVVXUeV, WhUee VcUeZ SiWcheV, and WhUee inWeUnal fUicWion angleV. Using these numerical results͕ 

a suite of analytical models is then developed to predict the operational torque required to drive 

the screw feeder͘ In this thesis͕ the DEM results are also used in lieu of experimental data to 

provide a point of comparison for the models͘ 

The analytical models predict stresses on the correct order of magnitude and are not 

prohibitively sensitive to input properties͕ but the operational steadyͲstate torque is 

overpredicted by the model in all cases͘ The mispredictions of the model are likely due to the 

assumption of constant material properties along the densification process͕ and the assumption 
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of hydrostatic conditions throughout the compression screw feeder ;especially near the 

boundariesͿ͘ Despite these limiting assumptions͕ the proposed procedure for calculating the 

torque provides a firstͲorder estimate of the required screw torque͕ demonstrates the sensitivity 

of the screw feeder to different inputs͕ and outlines the necessary steps to improve the model͘ 

The DEM simulations proved an invaluable tool in analyzing the behavior of bulk material within 

a compression screw feeder͕ but more experiments and simulations ;possibly using the finite 

element methodͿ are needed to further understand the biomass feeding operation͘ 

 

 

 

 

 

 

 

 

 

 

 

 

 


