OMNIFUELED GASIFIER/WATER-HEATER/ENERGY SYSTEM
DETAILED CONSTRUCTION PLANS with clear 3D color renderings
I have a design for a gasifier that I want to share with the world. It is the culmination of my 38 years of work in the field, and I think it will solve many of the problems that now plague those modeled after the old WWII Imbert gasifiers.  I have finally achieved an optimized gravity flow design that follows more elegant thermodynamics than previous approaches, through a labyrinth of concentric shells and spiral ducts.  It thrills me to give the complete set of plans for this new household energy system to you, that you might build and test one and let me inspect it and learn how to improve it, that more local waste products become clean efficient energy.
This latest design, a gasifier/hot water heater I have named Round John Virgin, Roundy for short, honoring the comfort of the winter hearth.  Virgin doesn’t apply yet, as it’s still in the womb, so to speak...but just wait ‘till it gets in heat!  Roundy is large household size, 100,000Btu/hr, 29kWh, which will heat water for heating needs and generate electricity through a genset fueled from the gasifier.
I expect a very large turn-down ratio, at least 20/1, with very high efficiencies in condensation mode, perhaps 95%.  Since it has not been built yet, I don’t know the performance parameters it will exhibit in actual operation, but I expect it to create a high quality gas, clean enough after the condensing heat exchanger (HX) for the engine without further cyclone separators or filters.
Any fuel that will fit in the hopper and produce a combustible gas can be gasified ~ logs, chips from the tree trimmers, bark, sawdust, corn cobs, leaves, wood-, straw-, municipal solid waste-pellets, green and wet biomass (up to 2/3 water), household and farm waste, etc.
Ideally, anything that will burn can be vaporized or gasified turned into a fuel.  A quality fuel gas contains mainly Carbon Monoxide (CO) and Hydrogen (H2), combustible gases, along with the 79% Nitrogen (N2) from the air and the considerable water vapor (H2O) generated by the combustion chemistry as well as held in the fuel.  Ideally, the Nitrogen Oxide (Nx) content is very low, and soot, hydrocarbons and other smoke pollutants are non-existent.   The steam can mostly condense on grains of fly-ash and the cleansing rain will scrub the gas clean in a properly designed HX.  However, the difference between ideal and practical has been significant in the history of gasification, largely because waste fuels are not homogeneous and meterable like gasoline and natural gas.  The pieces gasify at different rates, and the difference in moisture, ash, elemental composition, slagging temperature, oxygen and CO2 penetration, feed considerations, etc. present many uncontrolled variables.  These challenges have been grist for my explorations into this technology.  Round John has been designed from the following observations and discoveries:
· Fuel in a hopper gasifies best and most evenly, without bridging, when it is burned, vaporized, gasified evenly at the base of a vertical-sided hopper. Whenever there is constriction without size-reduction from burning or gasification, as is often the case in the upper throat of an Imbert or constricting throat gasifier, where combustion doesn’t consume the fuel to the contour of the throat, bridging and uneven gasification occurs.
· Whenever there is bridging of the fuel, air supports combustion beneath the bridge, creating hot flames and a spent gas with excess oxygen and little if any energy value.  If the bridge burns through, the gas is greatly diluted and cooled by excess air, which can totally rob the fuel gas of energy.  Then the bridge collapses, quenching the flames and heat with cool damp fuel and steam, creating a burst of sooty gas, followed by diminished cool gas production.
· Providing the above feed conditions are addressed, preheating the incoming air can almost entirely solve this problem, if it is hot enough, because the endothermic gasification is sustained in a deeper coal bed by the heat of a lesser volume of air.  This is quite different from conditions created by a larger volume of cool air, with its oxygen content creating combustion to supply the heat along with lots of diluting nitrogen and CO2.
· Of the three fundamental thermodynamic ingredients of Time, Temperature and Turbulence, Time is too often neglected in favor of (old school) Turbulence, as in the jet of speedy air shooting from the tuyers of a downdraft gasifier. I have found it better to let the air slowly permeate the fuel, heating up a large mass of fuel slowly, evenly, creating a large hot coal-bed, letting the gas become saturated with CO and Hydrogen over time and temperature.  I think we can forget turbulence for most applications, and instead design for laminar mixing of self-propelled convection flow.
· Steam and CO2 are primary combustion enhancers, speeding heat transfer significantly by their bipolar molecular property of absorbing and radiating radiant energy.  Radiation is the primary mode of heat transfer at the temperatures of gasification. N2, O2, CO and H2 do not absorb radiant energy, so heat transfer must come from neighboring bipolar molecules or be delayed.  Steam and CO2 also react with the charcoal, creating CO and H2, both fuel gases.
· Contrary to expectations, adding all this heat and insulation does not deteriorate the materials of construction as much as allowing local hot spots of 2500F combustion, which is far above the required gasification temperatures of 1300 - 1600F. Temperatures above 1500F rapidly oxidize metals and thermal-shock ceramic, as when cool fuel suddenly lands on orange-hot refractory or cool air rushes in an empty open hopper. 
This gasifier/furnace is designed around these considerations, with the following features:
· The hopper and entire construction is cylindrical, creating more even feed and flow, less thermal stress, simpler construction, more reliable seals, thus the name “Roundy”.
· When burning the gas to heat water, the generated gas is burned in a concentric combustion shell, which feeds heat to the incoming air and fuel in the hopper, augmenting the calorific value of the produced gas, thereby requiring less air for more gasification of a higher quality gas, which is mixed with preheated air and burns super-clean in the combustion shell.
· Highly preheated gasification air is introduced to the preheated fuel around the base of the hopper, where it is burned and gasified creating a steady-state fuel feed without disruption of the fuel.  Residence time of all heat transfer and chemical reactions can be much greater than conventional practices, which greatly expands fuel options.
· Any fuel that will fit in the hopper and produce a combustable gas can be gasified ~ logs, chips from the tree trimmers, bark, sawdust, corn cobs, leaves, wood-, straw-, municipal solid waste-pellets, green and wet biomass (up to 2/3 water), household and farm waste, etc.
· A conical grate at the base rotates to dump ashes and break up any bridging.
· The grate can be activated more frequently to collect biochar with the ash, instead of turning it into more fuel gas.  Biochar is major discovery in soil fertility, which could make the family farm more abundant  from the waste biomass accumulated around the farm.
· Ideally, a microprocessor controller monitors temperature, gas quality, changing conditions at the grate base of fuel column, air preheating, etc. to optimize gas generation quality and quantity, dramatically reduce thermal shocking & metal deterioration, and can also be adjusted to create maximum biochar production instead of CO + H2 if desired.
These drawings should give enough details for a skilled metalworker/craftsman to fabricate the complete gasifier according to spec.  I have stipulated thicker metal than necessary for functionality so that a good TIG pr MIG welder can assemble an air-and-water-tight unit, which is necessary for proper performance and holding water in the HX.  A manufactured version would use thinner metal in most areas.
The interior hot zones are either cast ceramic or the cheapest high-chromium stainless steel, #304.  I have incorporated ceramic parts in the hottest parts because my experience has been that stainless steel deteriorates too fast.  If testing proves that the gasification reaction can be kept relatively cool, (under 1500F), then the ceramic may be replaced with a high-temperature stainless, like #310, which will allow a lighter and more compact unit, especially when manufactured with optimum materials and thickness.  Although this design with all the interrelated heat-feedback features is where I want to begin testing, many variations and degree of refinement are possible, beginning with a simple insulated inner shell and moving conical grate configuration.   However, adding air-preheating and gas-cooling shells will substantially improve performance.  There will be areas of coalbed-grate adjustment, thermal deterioration, flow optimization and other preliminary details to be refined down the road, but I hope this gets the show on the road!  The plans are extensive in detail, but there will always be room for improvements, material layout drawings, suggestions for superior sources of material, valuable tips on construction, etc.  I will add a few drawings to compliment these as I build it.
 This is no longer a patentable design, as I hereby release it to the public domain, in the hopes that others will implement these new design features and do the R&D work necessary to bring biomass gasification to a new level of practicality, offering a greater contribution to decentralized alternative energy technologies.
    If you get inspired to build a gasifier incorporating some of these new features, be advised that it is a complex project, and you better know how to do it.  Study the plans thoroughly before you begin.  Assembly must be in a logical order, or some of the welds become impossible and misalignment can occur.
Please share your experience and photos with me.  I am available for consulting and further design work, and most grateful for contributions to further R&D work.
    I am currently working with parties to commercialize variations of this gasifier ~ if you wish to be informed when it is on the market, send me an email, stating your application, fuel, and heat needs. If you wish to invest in a hot invention or be informed when it is on the market, send an email to lad@stiltman.com , stating your application, fuel, and heat needs.
Warm regards,
Larry Dobson
lad@fundamentalform.com
 360-579-1763
7118 Fiske Rd
Clinton, WA  98236


