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Microcombustion: Catalytic Partial Oxidation of Ethanol in a Heated Nickel Microtube

Abstract


This study analyzes the use of ethanol as a practical fuel for a micro-scale combustor for the propulsion of a micro-spacecraft.  The miniscule size of the combustor creates a number of combustion problems.  Mainly, the relative surface area of the 0.8 mm diameter tube used as the combustion chamber increases the heat loss to the surrounding environment.  Moreover, the diameter itself approaches the quenching distance of the combustion flame.  Surface catalysis is utilized to overcome these difficulties.  Nickel, a common hydrocarbon steam reforming catalyst, was used in this study.  Initially, we attempted to create a mini-steam reformer out of the nickel microtube by resistively heating the tube to about 1400 degrees Fahrenheit and using a 100 proof ethanol and deionized water mixture.  The second phase of this experiment involved an attempt to create self-sustaining combustion by adding oxygen to the 100 proof alcohol.  The initial attempts to add gaseous oxygen also created anomalies.  After consulting work done by Therdthianwong1, we decided to lower the alcohol to 75 proof and heat the nickel to only about 800 degrees Fahrenheit.  The lower proof and lower temperatures created a significant amount of hydrogen without significant soot formation.  A plug flow model used detailed gas-phase chemistry and surface kinetics to simulate both the initial steam reforming process and the gaseous oxygen addition.  The computational results support the experimental findings; including the theory that the100 proof ethanol was thermally cracking to make soot at high temperatures.  

