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1. WHAT IS A WOOD GAS GENERATOR AND HOW
DOES IT WORK?

Thisreport isone in a series of emergency technology assessments sponsored by the Federal Emergency
Management Agency (FEMA). The purpose of this report is to develop detailed, illustrated instructions
for the fabrication, installation, and operation of a biomass gasifier unit (i.e., a"producer gas' generator,
also called a'wood gas generator) that is capable of providing emergency fuel for vehicles, such as
tractors and trucks, in the event that normal petroleum sources were severely disrupted for an extended
period of time. These instructions have been prepared as a manual for use by any mechanic who is
reasonably proficient in metal fabrication or engine repair.

1.1 INTRODUCTION

Fuel gas, produced by the reduction of coal and peat, was used for heating, as early as 1840 in Europe,
and by 1884 it had been adapted to fuel enginesin England. Before 1940, gas generator units were a
familiar, but not extensively utilized, technology. However, petroleum shortages during World War |1 led
to widespread gas generator applicationsin the transportation industries of Western Europe. (Charcoal -
burning taxis, arelated application, were still common in Korea as late as 1970.) The United States, never
faced with such prolonged or severe oil shortages, has lagged far behind Europe and the Orient in
familiarity with and application of this technology; however, a catastrophe could so severely disrupt the
supply of petroleum in this country that this technology might be critical in meeting the energy needs of
some essential economic activities, such as the production and distribution of food.

This report attempts to preserve the knowledge about wood gasification as put into practical use during
World War |1. Detailed, step-by-step procedures are presented in this report for constructing a simplified
version of the World War 11, Imbert wood gas generator. This simple, stratified, downdraft gasifier unit
can be constructed from materials that would be widely available in the United States in a prolonged
petroleum crisis. For example, the body of the unit consists of a galvanized metal garbage can atop a
small metal drum; common plumbing fittings throughout; and a large, stainless steel mixing bowl for the
grate. A prototype gasifier unit was fabricated from these instructions. This unit was then mounted onto
the front of a gasoline-engine farm tractor and successfully field tested, using wood chips as the only
fuel; see Fig. 1-1 (all figures and tables are presented at the end of their respective sections).

Photographic documentation of the actual assembly of the unit, aswell asits operational field test, is
included in this report.

The use of wood gas generators need not be limited to transportation applications. Stationary engines can
also be fueled by wood gasifiersto run electric generators, pumps, and industrial equipment. In fact, the
use of wood gas as afuel is not even restricted to gasoline engines; if asmall amount of diesel fuel is
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used for ignition, a properly adjusted diesel engine can be operated primarily on wood gas introduced
through the intake manifold. However, this report is concerned with the operation of four-cylinder
gasoline engines rated from 10 to 150 horsepower. If more information is needed about operating
gasifiers on other fuels (such as coal, charcoal, peat, sawdust or seaweed), alist of relevant literatureis
contained in the Bibliography at the end of this report.

The goal of thisreport isto furnish information for building a homemade wood gas generator made out

of ordinary, available hardware, in order to get tractors, trucks, and other vehicles operating without
delay, if asevereliquid fuel emergency should arise. Section 1 describes gasification principles and wood
gas generators, in general, and gives some historical background about their operation and effectiveness.
Section 2 contains detailed step-by-step instructions for constructing your own wood gas generator unit;
illustrations and photographs are included to prevent confusion. Section 3 contains information on
operating, maintaining, and trouble-shooting your wood gas generator; also included are some very
important guidelines on safety when using your gasifier system.

The wood gasifier design presented in this report has asits origin the proven technology used in World
War Il during actual shortages of gasoline and diesel fuel. It should be acknowledged that there are
alternate technol ogies (such as methane production or use of alcohol fuels) for keeping internal
combustion engines in operation during a prolonged petroleum crisis; the wood gasifier unit described in
this report represents only one solution to the problem.

1.2 PRINCIPLES OF SOLID FUEL GASIFICATION

All internal combustion engines actually run on vapor, not liquid. The liquid fuels used in gasoline
engines are vaporized before they enter the combustion chamber above the pistons. In diesel engines, the
fuel is sprayed into the combustion chamber as fine droplets which burn as they vaporize. The purpose of
agasifier, then, isto transform solid fuels into gaseous ones and to keep the gas free of harmful
constituents. A gas generator unit is, simultaneously, an energy converter and afilter. In these twin tasks
lieits advantages and its difficulties.

The first question many people ask about gasifiersis, 'Where does the combustible gas come from? Light
awooden match; hold it in a horizontal position; and notice that while the wood becomes charcodl, it is
not actually burning but is releasing a gas that begins to burn brightly a short distance away from the
matchstick. Notice the gap between the matchstick and the luminous flame; this gap contains the wood
gas which starts burning only when properly mixed with air (which contains oxygen). By weight, this gas
(wood gas) from the charring wood contains approximately 20% hydrogen (H,), 20% carbon monoxide

(CO), and small amounts of methane, all of which are combustible, plus 50 to 60% nitrogen (N,). The

nitrogen is not combustible; however, it does occupy volume and dilutes the wood gas asiit enters and
burns in an engine. As the wood gas burns, the products of combustion are carbon dioxide (CO,) and

water vapor (H,0).
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The same chemical laws which govern combustion processes also apply to gasification. The solid,
biomass fuels suitable for gasification cover awide range, from wood and paper to peat, lignite, and coal,
including coke derived from coal. All of these solid fuels are composed primarily of carbon with varying
amounts of hydrogen, oxygen, and impurities, such as sulfur, ash, and moisture. Thus, the aim of
gasification is the almost complete transformation of these constituents into gaseous form so that only the
ashes and inert materials remain.

In asense, gasification is aform of incomplete combustion; heat from the burning solid fuel creates gases
which are unable to burn completely, due to insufficient amounts of oxygen from the available supply of
air. In the matchstick example above, as the wood was burned and pyrolyzed into charcoal, wood gas was
created, but the gas was also consumed by combustion (since there was an enormous supply of air in the
room). In creating wood gas for fueling internal combustion engines, it isimportant that the gas not only
be properly produced, but also preserved and not consumed until it isintroduced into the engine where it
may be appropriately burned.

Gadification is a physiochemical processin which chemical transformations occur along with the
conversion of energy. The chemical reactions and thermochemical conversions which occur inside a
wood gas generator are too long and too complicated to be covered here. Such knowledge is not
necessary for constructing and operating a wood gasifier. Books with such information are listed in the
Reference Section (see, for example, Reed 1979, Val. |I; or Reed and Das 1988).

1.3 BACKGROUND INFORMATION

The use of wood to provide heat is as old as mankind; but by burning the wood we only utilize about one-
third of its energy. Two-thirdsislost into the environment with the smoke. Gasification is a method of
collecting the smoke and its combustible components. Making a combustible gas from coal and wood
began around 1790 in Europe. Such manufactured gas was used for street lights and was piped into
houses for heating, lighting, and cooking. Factories used it for steam boilers, and farmers operated their
machinery on wood gas and coal gas. After the discovery of large petroleum reserves in Pennsylvaniain
1859, the entire world changed to oil - a cheaper and more convenient fuel. Thousands of gas works all
over the world were eventually dismantled.

Wood gas generators are not technological marvels that can totally eliminate our current dependence on
oil, reduce the impacts of an energy crunch, or produce long-term economic relief from high fossil fuel
prices, but they are a proven emergency solution when such fuels become unobtainable in case of war,
civil upheaval, or natural disaster. In fact, many people can recall awidespread use of wood gas
generators during World War 11, when petroleum products were not available for the civilian populations
in many countries. Naturally, the people most affected by oil and petroleum scarcity made the greatest
advancements in wood gas generator technology.

In occupied Denmark during World War 11, 95% of all mobile farm machinery, tractors, trucks,
stationary engines, fishing and ferry boats were powered by wood gas generators. Even in neutral
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Sweden, 40% of all motor traffic operated on gas derived from wood or charcoal (Reed and Jantzen
1979). All over Europe, Asia, and Australia, millions of gas generators were in operation between 1940
and 1946. Because of the wood gasifier's somewhat low efficiency, the inconvenience of operation, and
the potential health risks from toxic fumes, most of such units were abandoned when oil again became
avallable in 1945. Except for the technology of producing alternate fuels, such as methane or acohal, the
only solution for operating existing internal combustion engines, when oil and petroleum products are not
available, has been these smple, inexpensive gasifier units.

1.3.1 The World War Il, Imbert Gasifier

The basis operation of two gasifiersis described in this and the following section. Their operating
advantages and disadvantages will also be discussed. Thisinformation isincluded for the technically
interested reader only; it isintended to give the reader more insight into the subtleties of the operating
principles of the wood gas generator described in this manual. Those readers who are anxious to begin
construction of their own wood gas generator may skip the material below and proceed directly to Sect. 2

without any loss of continuity.

The constricted hearth, downdraft gasifier shown in Fig. 1-2 is sometimes called the 'Imbert’ gasifier after
its inventor, Jacques Imbert; although, it has been commercially manufactured under various names.
Such units were mass produced during World War 11 by many European automotive companies,
including General Motors, Ford, and Mercedes-Benz. These units cost about $1500 (1985 evaluation)
each. However, after World War |1 began in 1939, it took six to eight months before factory-made
gasifiers were generally available. Thousands of Europeans were saved from certain starvation by home-
built, ssmple gasifier units made from washing machine tubs, old water heaters, and metal gas or oxygen
cylinders. Surprisingly, the operation of these units was nearly as efficient as the factory-made units;
however, the homemade units lasted for only about 20000 miles with many repairs, while the factory-
made units operated, with few repairs, up to 100,000 miles.

In Fig. 1-2, the upper cylindrical portion of the gasifier unit is simply a storage bin or hopper for wood
chips or other biomass fuel. During operation, this chamber isfilled every few hours as needed. The
spring-loaded, airtight cover must be opened to refill the fuel hopper; it must remain closed and sealed
during gasifier operation. The spring permits the cover to function as a safety valve because it will pop
open in case of any excessive internal gas pressure.

About one-third of the way up from the bottom of the gasifier unit, thereis a set of radically directed air
nozzles; these allow air to be injected into the wood as it moves downward to be gasified. In agas
generator for vehicle use, the downstroke of the engine's pistons creates the suction force which moves
the air into and through the gasifier unit; during startup of the gasifier, ablower is used to create the
proper airflow. The gasisintroduced into the engine and consumed a few seconds after it is made. This
gasification method is called "producer gas generation," because no storage system is used; only that
amount of gas demanded by the engine is produced. When the, engine is shut off, the production of gas
stops.
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During normal operation, the incoming air burns and pyrolyzes some of the wood, most of the tars and
oils, and some of the charcoal that fills the constricted area below the nozzles. Most of the fuel massis
converted to gas within this combustion zone. The Imbert gasifier is, in many ways, self-adjusting. If
thereisinsufficient charcoal at the air nozzles, more wood is burned and pyrolyzed to make more
charcoal. If too much charcoal forms, then the charcoal level rises above the nozzles, and the incoming
air burns the charcoal. Thus, the combustion zone is maintained very close to the nozzles.

Below this combustion zone, the resulting hot combustion gases - carbon dioxide (CO,) and water vapor
(H,0) - passinto the hot charcoal where they are chemically reduced to combustible fuel gases: carbon
monoxide (CO) and hydrogen (H,). The hearth constriction causes all gases to pass through the reaction

zone, thus giving maximum mixing and minimum heat loss. The highest temperatures are reached in this
region.

Fine char and ash dust can eventually clog the charcoal bed and will reduce the gas flow unless the dust
isremoved. The charcoal is supported by a movable grate which can be shaken at intervals. Ash buildup
below the grate can be removed during cleaning operations. Usually, wood contains less than 1% ash (by
weight). However, as the charcoal is consumed, it eventually collapses to form a powdery charcoal/ash
mixture which may represent 2 to 10% (by weight) of the total fuel mass.

The cooling unit required for the Imbert gasifier consists of awater filled precipitating tank and an
automotive radiator type gas cooler. The precipitating tank removes all unacceptable tars and most of the
fine ash from the gas flow, while the radiator further cools the gas. A second filter unit, containing afine
mesh filtration material, is used to remove the last traces of any ash or dust that may have survived
passage through the cooling unit. Once out of the filter unit, the wood gasis mixed with air in the
vehicle's carburetor and is then introduced directly into the engine's intake manifold.

The World War 11, Imbert gasifier requires wood with alow moisture content (less than 20% by weight)
and a uniform, blocky fuel in order to allow easy gravity feed through the constricted hearth. Twigs,
sticks, and bark shreds cannot be used. The constriction at the hearth and the protruding air nozzles
present obstructions to the passage of the fuel and may create bridging and channeling followed by poor
guality gas output, as unpyrolyzed fuel falls into the reaction zone. The vehicle units of the World War 11
era had ample vibration to jar the carefully sized wood blocks through the gasifier. In fact, an entire
industry emerged for preparing wood for use in vehicles at that time (Reed and Jantzen 1979). However,
the constricted hearth design seriously limits the range of wood fuel shapes that can be successfully
gasified without expensive cubing or pelletizing pretreatment. It is this limitation that makes the Imbert
gasifier less flexible for emergency use.

In summary, the World War Il Imbert gasifier design bas stood the test of time and has successfully been
mass produced. It isrelatively inexpensive, uses simple construction materials, is easy to fabricate, and
can be operated by motorists with a minimum amount of training.
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1.3.2 The Stratified, Downdraft Gasifier

Until the early 1980's, wood gasifiers all over the world (including the World War |1 designs) operated on
the principle that both the fuel hopper and the combustion unit be airtight; the hopper was sealed with a
top or lid that bad to be opened every time wood was added. Smoke and gas vented into the atmosphere
while new wood was being loaded; the operator bad to be careful not to breathe the unpleasant smoke
and toxic fumes.

Over the last few years, anew gasifier design bas been developed through cooperative efforts among
researchers at the Solar Energy Research Institute in Colorado, the University of Californiain Davis, the
Open University in London, the Buck Rogers Company in Kansas, and the Biomass Energy Foundation,
Inc., in Florida (Reed and Das 1988). This simplified design employs a balanced, negative-pressure
concept in which the old type of sealed fuel hopper is no longer necessary. A closureis only used to
preserve the fuel when the engine is stopped. This new technology has several popular names, including
'stratified, downdraft gasification' and 'open top gasification.' Two years of laboratory and field testing
have indicated that such simple, inexpensive gasifiers can be built from existing hardware and will
perform very well as emergency units.

A schematic diagram of the stratified, downdraft gasifier is shown in Fig. 1-3. During operation of this
gasifier, air passes uniformly downward through four zones, hence the name 'stratified:’

1. The uppermost zone contains unreacted fuel through which air and oxygen enter. Thisregion
serves the same function as the fuel hopper in the Imbert design.

2. Inthe second zone, the wood fuel reacts with oxygen during pyrolysis. Most of the volatile
components of the fuel are burned in this zone and provide heat for continued pyrolysis reactions.
At the bottom of this zone, all of the available oxygen from the air bas completely reacted. The
open top design ensures uniform access of air to the pyrolysis region.

3. Thethird zone is made up of charcoal from the second zone. Hot combustion gases from the
pyrolysis region react with the charcoal to convert the carbon dioxide and water vapor into carbon
monoxide and hydrogen.

4. Theinert char and ash, which constitute the fourth zone, are normally too cool to cause further
reactions; however, since the fourth zone is available to absorb heat or oxygen as conditions
change, it serves both as a buffer and as a charcoal storage region. Below this zone is the grate.
The presence of char and ash serves to protect the grate from excessive temperatures.

The stratified, downdraft design has a number of advantages over the World War 11, Imbert gasifier. The
open top permits fuel to be fed more easily and allows easy access. The cylindrical shapeis easy to
fabricate and permits continuous flow of fuel. No special fuel shape or pretreatment is necessary; any
blocky fuel can be used.

The foremost question about the operation of the stratified, downdraft gasifier concerns char and ash
removal. Asthe charcoal reacts with the combustion gases, it eventually reaches avery low density and
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breaks up into adust containing all of the ash aswell as a percentage of the original carbon. This dust
may be partially carried away by the gas, however, it might eventually begin to plug the gasifier, and so it
must be removed by shaking or agitation. Both the Imbert gasifiers and the stratified concept have a
provision for shaking the grate; when they are used to power vehicles, they are automatically shaken by
the vehicle's motion.

An important issue in the design of the stratified, downdraft gasifier is the prevention of fuel bridging and
channeling. High-grade biomass fuels such as wood blocks or chips will flow down through the gasifier
under the influence of gravity, and downdraft air flow. However, other fuels (such as shredded wood,
sawdust, and bark) can form a bridge that will prevent continuous flow and cause very high temperatures.
Obvioudly, it is desirable to use these widely available biomass residues. Bridging can be prevented by
stirring, shaking, or by agitating the grate or by having it agitated by the vehicle's movement. For
prolonged idling, a hand-operated shaker has been included in the design.

A prototype design of the stratified, downdraft gasifier design has been developed. The detailed but
simple design is described and illustrated in Section 2 (see Table of Contents), however, it has not been
widely tested at thistime. The reader is urged to use his ingenuity and initiative in constructing his own
wood gas generator. As long as the principle of airtightness in the combustion regions, in the connecting
piping, and in the filter unitsis followed, the form, shape, and method of assembly is not important.

Back to Table of Contents
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wood gas vehicles
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NTRODUCTION TO 2"d EDITION

This construction manual was prepared by my friend and colleague, Harry LaFontaine for the Federal
Emergency Management Agency, FEMA, assisted by F.P. Zimmerman at the Oak Ridge national
Laboratory. The justification for writing this report was that in the event of awar or natural emergency,
when liquid fuel supplies were interrupted, individuals could build gasifiers to run engines for transport
and power. The manual was originally distributed by FEMA. This edition is the first edition by the
Biomass Energy Foundation Press.

Harry was uniquely qualified to write this manual because he built and operated gasifiers during World
War Il during the daytime as a cover for his Danish Underground activities at night. Harry was also very
Ingenious in working with the people and materials at hand, so that thisis avery practical manual.
However, in the intervening years he also came to appreciate the fundamentals of gasification and he al'so
explains these here.

It has been a pleasure to know and work with Harry. He was the founder of the Biomass Energy
Foundation in 1983. The BEF isa 501 3C not for profit organization established to promote the use of
Biomass.

It grieves me to say that Harry died (while still in the midst of many projects) on April 12, 1994.
However, this report lives on as avery useful memorial to hislife and experience.

Thomas B. Reed
The Biomass Energy Foundation Press 1810 Smith Rd. Golden, CO.

Back to Table of Contents
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Executive summary

Thisreport isonein a series of emergency technology assessments sponsored by the Federal Emergency
Management Agency (FEMA). The purpose of this report isto develop detailed, illustrated instructions
for the fabrication, installation, and operation of abiomass gasifier unit (i.e. a"producer gas' generator,
also caled a"wood gas' generator) which is capable of providing emergency fuel for vehicles, such as
tractors and trucks, should normal petroleum sources be severely disrupted for an extended period of
time. These instructions have been prepared as a manual for use by any mechanic who is reasonably
proficient in metal fabrication or engine repair.

Fuel gas, produced by the reduction of coal and peat, was used for heating as early as 1840 in Europe and
by 1884 had been adapted to fuel enginesin England. Prior to 1940, gas generator units were afamiliar,
but not extensively utilized, technology. However, petroleum shortages during World War |1 led to
widespread gas generator applications in the transportation industries of Western Europe. (Charcoal
burning taxis, arelated application, were still common in Korea as late as 1970.) The United States,
never faced with such prolonged or severe oil shortages, has lagged far behind Europe and the Orient in
familiarity with and application of this technology. However, a catastrophic event could disrupt the
supply of petroleum in this country so severely that this technology might be critical in meeting the
energy needs of some essential economic activities, such as the production and distribution of food.

In occupied Denmark during World War 11, 95% of all mobile farm machinery, tractors, trucks,
stationary engines, and fishing and ferry boats were powered by wood gas generator units. Evenin
neutral Sweden, 40% of all motor traffic operated on gas derived from wood or charcoal. All over
Europe, Asia, and Australia, millions of gas generators were in operation between 1940f and 1946.
Because of the wood gasifier's health risks from toxic fumes, most of such units were abandoned when it
again became available in 1945. Except for the technology of producing alternate fuels, such as methane
or alcohol, the only solution for operating existing internal combustion engines, when oil and petroleum
products are not available, has been these smple, inexpensive gasifiers units.

This report attempts to preserve the knowledge about wood gasification that was put into practical use
during World War 1. In this report, detailed step-by-step procedures are presented for constructing a
simplified version of the WWII wood gas generator; this simple, stratified, downdraft gasifier unit
(shown schematically in Fig. S-1) can be constructed from materials which would be widely availablein
the United States in a prolonged petroleum crisis. For example, the body of the unit consists of a
galvanized metal garbage can atop a small metal drum; common plumbing fittings are used throughout;
and alarge, stainless steel mixing bowl is used for the grate. A prototype gasifier unit was fabricated
from these instructions (see Fig. S-2); this unit was then mounted onto the front of afarm tractor and
successfully field tested, using wood chips as the only fuel (see Fig. S-3). Photographic documentation of

the actual assembly of the unit, aswell asits operational field test, isincluded in the body of this report.
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Executive Summary

The use wood gas generators need not be limited to transportation applications. Stationary engines can
also be fueled by wood gasifiers to run electric generators, pumps, and industrial equipment. In fact, the
use of wood gas as afuel is not even restricted to gasoline engines; if asmall amount of diesel fuel is
used for ignition, a properly adjusted diesel engine can be operated primarily on wood gas introduced
through the intake manifold.

S.1 Principles of solid fuel gasification

All internal combustion engines actually run on vapor, not liquid. The liquid fuels used by gasoline
engines are vaporized before they enter the combustion chamber above the pistons. In diesel engines, the
fuel is sprayed into the combustion chamber as fine droplets which burn as they vaporize. The purpose of
agasifier, then, isto transform solid fuels into gaseous ones and to keep the gas free of harmful
constituents. A gas generator unit is simultaneously an energy converter and afilter. In these twin tasks
lie its advantages and its difficulties.

In asense, gasification is aform of incomplete combustion-heat from the burning solid fuel creates gases
which are unable to burn completely because of the insufficient amounts of oxygen from the available
supply of air. Thee same chemical laws which govern combustion processes aso apply to gasification.
There are many solid biomass fuels suitable for gasification - from wood and paper to peat, lignite, and
coal, including coke derived from coal. All of these solid fuels are composed primarily of carbon with
varying amounts of hydrogen, oxygen, and impurities, such as sulfur, ash, and moisture. Thus, the aim of
gasification is the almost complete transformation of these constituents into gaseous form so that only the
ashes and inert materials remain. In creating wood gas for fueling internal combustion engines, it is
important that the gas not only be properly produced, but also preserved and not consumed until it is
introduced into the engine where it may be appropriately burned.

Gasification is a physiochemical process in which chemical transformations occur along with the
conversion of energy. The chemical reactions and thermochemical conversions which occur inside a
wood gas generator are too long and too complicated to be covered here; however, such knowledge is not
necessary for constructing and operating awood gasifier. By weight, gas (wood gas) produced in a
gasifier unit contains approximately 20% hydrogen (H.,), 20% carbon monoxide (CO), and small

amounts of methane, all of which are combustible, plus 50 to 60% nitrogen (N,). The nitrogen is not

combustible; however, it does occupy volume and dilutes the wood gas as it enters and burnsin an
engine. As the wood gas burns, the products of combustion are carbon dioxide (CO,) and water vapor

(H20).

One of the by-products of wood gasification is carbon monoxide, a poisonous gas. The toxic hazards
associated with breathing this gas should be avoided during refueling operations or prolonged idling,
particularly in inadequately ventilated areas. Except for the obvious fire hazard resulting from the
combustion processes inside the unit, carbon monoxide poisoning is the major potential hazard during

file:///IC:/ICDROMs/SCDR-2/Prophecykeepers/POST-N...covery/3_alternate_energy/woodgas/executive.htm (2 of 4) [9/12/2004 4:34:59 PM]



Executive Summary

normal operation of these simplified gasifier units.

S.2. THE STRATIFIED DOWNDRAFT GASIFIER

Until the early 1980s, wood gasifiers al over the world (including the World War 11 designs) operated on
the principle that both the fuel hopper and the combustion unit be absolutely airtight; the hopper was
sealed with atop or lid which had to be opened every time wood was added. Smoke and gas vented into
the atmosphere while wood was being loaded; the operator had to be careful not to breathe the unpleasant
smoke and toxic fumes.

Over the last few years, a new gasifier design has been devel oped through cooperative efforts among
researchers at the Solar Energy Research Institute in Colorado, the University of Californiain Davis, the
Open University in London, the Buck Rogers Company in Kansas, and the Biomass Energy Foundation,
Inc., in Florida. This simplified design employs a balanced, negative-pressure concept in which the old
type of sealed fuel hopper is no longer necessary. A closure is only used to preserve the fuel when the
engineis stopped. This new technology has several popular names, including "stratified, downdraft
gasification" and "open top gasification." Severa years of laboratory and field testing have indicated that
such simple, inexpensive gasifiers can be built from existing hardware and will perform very well as
emergency units.

A schematic diagram of the stratified, downdraft gasifier is shown in Fig. S-I. During operation of this
gadifier, air passes uniformly downward through four zones, hence the name stratified:

1. The uppermost zone contains unreacted fuel through which air and oxygen enter. This region
serves the same function as the fuel hopper in the older, World War Il designs.

2. Inthe second zone, the wood fuel reacts with oxygen during pyrolysis. Most of the volatile
components of the fuel are burned in this zone and provide heat for continued pyrolysis reactions.
At the bottom of this zone, all of the available oxygen from the air should be completely reacted.
The open top design ensures uniform access of air to the pyrolysis region.

3. Thethird zone is made up of charcoal from the second zone. Hot combustion gases from the
pyrolysis region react with the charcoal to convert the carbon dioxide and water vapor into carbon
monoxide and hydrogen.

4. Theinert char and ash, which constitute the fourth zone, are normally too cool to cause further
reactions; however, because the fourth zone is available to absorb heat or oxygen as conditions
change, it serves both as a buffer and as a charcoal storage region. Below this zone is the grate.
The presence of char and ash serves to protect the grate from excessive temperatures.

The stratified, downdraft design has a number of advantages over the World War |l gasifier designs. The
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open top permits fuel to be fed more easily and allows easy access. The cylindrical shapeis easy to
fabricate and permits continuous flow of fuel. No special fuel shape or pretreatment is necessary; any
blocky fuel can be used.

The foremost question about the operation of the stratified, downdraft gasifier concerns char and ash
removal. Asthe charcoal reacts with the combustion gases, it eventually reaches avery low density and
breaks up into adust containing all of the ash as well as a percentage of the original carbon. This dust
may be partially carried away by the gas and might eventually begin to plug the gasifier. Hence, it must
be removed by shaking or agitation. When the stratified gasifier unit is used to power vehicles, itis
automatically shaken by the vehicle's motion.

An important issue in the design of the stratified, downdraft gasifier is the prevention of fuel bridging
and channeling. High grade biomass fuels, such as wood blocks or chips, will flow down through the
gasifier because of gravity and downdraft air flow. However, other fuels (such as shredded chips,
sawdust, and bark) can form a bridge, which will obstruct continuous flow and cause very high
temperatures. Bridging can be prevented by stirring, shaking, or by agitating the grate or by having it
agitated by the vehicle's movement. For prolonged idling, a hand-operated shaker has been included in
the design in this report.

A prototype unit of the stratified, downdraft gasifier design (se Figs. S-2 and S-3) has been fabricated
according to the instructions in this report; however, it has not been widely tested at this time. The reader
Is urged to use hisingenuity and initiative in the construction of his own wood gas generator. Aslong as
the principle of airtightness in the combustion regions, in the connecting piping, and in the filter unitsis
followed, the form, shape, and method of assembly is not important.

The wood gasifier design presented in this report has asits origin the proven technology used in World
War Il during actual shortages of gasoline and diesel fuel. It should be acknowledged that there are
alternate technol ogies (such as methane production or use of acohol fuels) for keeping internal
combustion engines in operation during a prolonged petroleum crisis; the wood gasifier unit described in
this report represents only one solution to the problem.
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CONVERSION FACTORS FOR SI UNITS

English units have been retained in the body of this report. The report refersto commercially available
materials and sizes which are commonly expressed in English units. The conversion factors for S|
(Standard International - metric) units are given below:

To convert from TO Multiply by
cubic feet (ft.) cubic meters (m3) 0.0283
cubic yards (yd.) cubic meters (m3) 0.7646
Fahrenheit degrees (OF) Kelvin degrees (K) (see Note 1)
foot (ft) meter (m) 0.3048
galon (gal) cubic meters (m3) 3.785* 103
horsepower (hp) watt (W) 745.7

inch (in.) meter (m) 0.0254
pound (Ib.) kilogram (kg) 0.4536
quart (qt.) cubic meters (m3) 9.464* 104

Note |: To convert temperatures, use the following equation,

K =273+ 0.5556 X (F - 32),
where F is the temperature in Fahrenheit degrees, and K is the temperature in Kelvin degrees.
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CONSTRUCTION OF A SIMPLIFIED WOOD GAS
GENERATOR FOR FUELING INTERNAL
COMBUSTION ENGINES IN A PETROLEUM
EMERGENCY

H. LaFontaine G. P. Zimmerman

ABSTRACT

Thisreport isonein a series of emergency technology assessments sponsored by the Federal Emergency
Management Agency (FEMA). The purpose of thisreport isto develop detailed, illustrated instructions
for the fabrication, installation, and operation of a biomass gasifier unit (i.e., a'producer gas' generator,
also caled a"wood gas generator) that is capable of providing emergency fuel for vehicles, such as
tractors and trucks, in the event that normal petroleum sources were severely disrupted for an extended
period of time. These instructions have been prepared as a manual for use by any mechanic who is
reasonably proficient in metal fabrication or engine repair.

This report attempts to preserve the knowledge about wood gasification that was put into practical use
during World War 1. Detailed, step-by-step fabrication procedures are presented for a simplified version
of the World War |1, Imbert wood gas generator. This simple, stratified, downdraft gasifier unit can be
constructed from materials that would be widely available in the United States in a prolonged petroleum
crisis. For example, the body of the unit consists of a galvanized metal garbage can atop a small metal
drum; common plumbing fittings throughout; and alarge, stainless steel mixing bowl for the grate. The
entire compact unit was mounted onto the front of afarm tractor and successfully field tested, using
wood chips as the only fuel. Photographic documentation of the actual assembly of the unit aswell asits
operation is included.
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1. WHAT IS A WOOD GAS GENERATOR AND HOW
DOES IT WORK?

Thisreport isone in a series of emergency technology assessments sponsored by the Federal Emergency
Management Agency (FEMA). The purpose of this report is to develop detailed, illustrated instructions
for the fabrication, installation, and operation of a biomass gasifier unit (i.e., a"producer gas' generator,
also called a'wood gas generator) that is capable of providing emergency fuel for vehicles, such as
tractors and trucks, in the event that normal petroleum sources were severely disrupted for an extended
period of time. These instructions have been prepared as a manual for use by any mechanic who is
reasonably proficient in metal fabrication or engine repair.

1.1 INTRODUCTION

Fuel gas, produced by the reduction of coal and peat, was used for heating, as early as 1840 in Europe,
and by 1884 it had been adapted to fuel enginesin England. Before 1940, gas generator units were a
familiar, but not extensively utilized, technology. However, petroleum shortages during World War |1 led
to widespread gas generator applicationsin the transportation industries of Western Europe. (Charcoal -
burning taxis, arelated application, were still common in Korea as late as 1970.) The United States, never
faced with such prolonged or severe oil shortages, has lagged far behind Europe and the Orient in
familiarity with and application of this technology; however, a catastrophe could so severely disrupt the
supply of petroleum in this country that this technology might be critical in meeting the energy needs of
some essential economic activities, such as the production and distribution of food.

This report attempts to preserve the knowledge about wood gasification as put into practical use during
World War |1. Detailed, step-by-step procedures are presented in this report for constructing a simplified
version of the World War 11, Imbert wood gas generator. This simple, stratified, downdraft gasifier unit
can be constructed from materials that would be widely available in the United States in a prolonged
petroleum crisis. For example, the body of the unit consists of a galvanized metal garbage can atop a
small metal drum; common plumbing fittings throughout; and a large, stainless steel mixing bowl for the
grate. A prototype gasifier unit was fabricated from these instructions. This unit was then mounted onto
the front of a gasoline-engine farm tractor and successfully field tested, using wood chips as the only
fuel; see Fig. 1-1 (all figures and tables are presented at the end of their respective sections).

Photographic documentation of the actual assembly of the unit, aswell asits operational field test, is
included in this report.

The use of wood gas generators need not be limited to transportation applications. Stationary engines can
also be fueled by wood gasifiersto run electric generators, pumps, and industrial equipment. In fact, the
use of wood gas as afuel is not even restricted to gasoline engines; if asmall amount of diesel fuel is
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used for ignition, a properly adjusted diesel engine can be operated primarily on wood gas introduced
through the intake manifold. However, this report is concerned with the operation of four-cylinder
gasoline engines rated from 10 to 150 horsepower. If more information is needed about operating
gasifiers on other fuels (such as coal, charcoal, peat, sawdust or seaweed), alist of relevant literatureis
contained in the Bibliography at the end of this report.

The goal of thisreport isto furnish information for building a homemade wood gas generator made out

of ordinary, available hardware, in order to get tractors, trucks, and other vehicles operating without
delay, if asevereliquid fuel emergency should arise. Section 1 describes gasification principles and wood
gas generators, in general, and gives some historical background about their operation and effectiveness.
Section 2 contains detailed step-by-step instructions for constructing your own wood gas generator unit;
illustrations and photographs are included to prevent confusion. Section 3 contains information on
operating, maintaining, and trouble-shooting your wood gas generator; also included are some very
important guidelines on safety when using your gasifier system.

The wood gasifier design presented in this report has asits origin the proven technology used in World
War Il during actual shortages of gasoline and diesel fuel. It should be acknowledged that there are
alternate technol ogies (such as methane production or use of alcohol fuels) for keeping internal
combustion engines in operation during a prolonged petroleum crisis; the wood gasifier unit described in
this report represents only one solution to the problem.

1.2 PRINCIPLES OF SOLID FUEL GASIFICATION

All internal combustion engines actually run on vapor, not liquid. The liquid fuels used in gasoline
engines are vaporized before they enter the combustion chamber above the pistons. In diesel engines, the
fuel is sprayed into the combustion chamber as fine droplets which burn as they vaporize. The purpose of
agasifier, then, isto transform solid fuels into gaseous ones and to keep the gas free of harmful
constituents. A gas generator unit is, simultaneously, an energy converter and afilter. In these twin tasks
lieits advantages and its difficulties.

The first question many people ask about gasifiersis, 'Where does the combustible gas come from? Light
awooden match; hold it in a horizontal position; and notice that while the wood becomes charcodl, it is
not actually burning but is releasing a gas that begins to burn brightly a short distance away from the
matchstick. Notice the gap between the matchstick and the luminous flame; this gap contains the wood
gas which starts burning only when properly mixed with air (which contains oxygen). By weight, this gas
(wood gas) from the charring wood contains approximately 20% hydrogen (H,), 20% carbon monoxide

(CO), and small amounts of methane, all of which are combustible, plus 50 to 60% nitrogen (N,). The

nitrogen is not combustible; however, it does occupy volume and dilutes the wood gas asiit enters and
burns in an engine. As the wood gas burns, the products of combustion are carbon dioxide (CO,) and

water vapor (H,0).
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The same chemical laws which govern combustion processes also apply to gasification. The solid,
biomass fuels suitable for gasification cover awide range, from wood and paper to peat, lignite, and coal,
including coke derived from coal. All of these solid fuels are composed primarily of carbon with varying
amounts of hydrogen, oxygen, and impurities, such as sulfur, ash, and moisture. Thus, the aim of
gasification is the almost complete transformation of these constituents into gaseous form so that only the
ashes and inert materials remain.

In asense, gasification is aform of incomplete combustion; heat from the burning solid fuel creates gases
which are unable to burn completely, due to insufficient amounts of oxygen from the available supply of
air. In the matchstick example above, as the wood was burned and pyrolyzed into charcoal, wood gas was
created, but the gas was also consumed by combustion (since there was an enormous supply of air in the
room). In creating wood gas for fueling internal combustion engines, it isimportant that the gas not only
be properly produced, but also preserved and not consumed until it isintroduced into the engine where it
may be appropriately burned.

Gadification is a physiochemical processin which chemical transformations occur along with the
conversion of energy. The chemical reactions and thermochemical conversions which occur inside a
wood gas generator are too long and too complicated to be covered here. Such knowledge is not
necessary for constructing and operating a wood gasifier. Books with such information are listed in the
Reference Section (see, for example, Reed 1979, Val. |I; or Reed and Das 1988).

1.3 BACKGROUND INFORMATION

The use of wood to provide heat is as old as mankind; but by burning the wood we only utilize about one-
third of its energy. Two-thirdsislost into the environment with the smoke. Gasification is a method of
collecting the smoke and its combustible components. Making a combustible gas from coal and wood
began around 1790 in Europe. Such manufactured gas was used for street lights and was piped into
houses for heating, lighting, and cooking. Factories used it for steam boilers, and farmers operated their
machinery on wood gas and coal gas. After the discovery of large petroleum reserves in Pennsylvaniain
1859, the entire world changed to oil - a cheaper and more convenient fuel. Thousands of gas works all
over the world were eventually dismantled.

Wood gas generators are not technological marvels that can totally eliminate our current dependence on
oil, reduce the impacts of an energy crunch, or produce long-term economic relief from high fossil fuel
prices, but they are a proven emergency solution when such fuels become unobtainable in case of war,
civil upheaval, or natural disaster. In fact, many people can recall awidespread use of wood gas
generators during World War 11, when petroleum products were not available for the civilian populations
in many countries. Naturally, the people most affected by oil and petroleum scarcity made the greatest
advancements in wood gas generator technology.

In occupied Denmark during World War 11, 95% of all mobile farm machinery, tractors, trucks,
stationary engines, fishing and ferry boats were powered by wood gas generators. Even in neutral
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Sweden, 40% of all motor traffic operated on gas derived from wood or charcoal (Reed and Jantzen
1979). All over Europe, Asia, and Australia, millions of gas generators were in operation between 1940
and 1946. Because of the wood gasifier's somewhat low efficiency, the inconvenience of operation, and
the potential health risks from toxic fumes, most of such units were abandoned when oil again became
avallable in 1945. Except for the technology of producing alternate fuels, such as methane or acohal, the
only solution for operating existing internal combustion engines, when oil and petroleum products are not
available, has been these smple, inexpensive gasifier units.

1.3.1 The World War Il, Imbert Gasifier

The basis operation of two gasifiersis described in this and the following section. Their operating
advantages and disadvantages will also be discussed. Thisinformation isincluded for the technically
interested reader only; it isintended to give the reader more insight into the subtleties of the operating
principles of the wood gas generator described in this manual. Those readers who are anxious to begin
construction of their own wood gas generator may skip the material below and proceed directly to Sect. 2

without any loss of continuity.

The constricted hearth, downdraft gasifier shown in Fig. 1-2 is sometimes called the 'Imbert’ gasifier after
its inventor, Jacques Imbert; although, it has been commercially manufactured under various names.
Such units were mass produced during World War 11 by many European automotive companies,
including General Motors, Ford, and Mercedes-Benz. These units cost about $1500 (1985 evaluation)
each. However, after World War |1 began in 1939, it took six to eight months before factory-made
gasifiers were generally available. Thousands of Europeans were saved from certain starvation by home-
built, ssmple gasifier units made from washing machine tubs, old water heaters, and metal gas or oxygen
cylinders. Surprisingly, the operation of these units was nearly as efficient as the factory-made units;
however, the homemade units lasted for only about 20000 miles with many repairs, while the factory-
made units operated, with few repairs, up to 100,000 miles.

In Fig. 1-2, the upper cylindrical portion of the gasifier unit is simply a storage bin or hopper for wood
chips or other biomass fuel. During operation, this chamber isfilled every few hours as needed. The
spring-loaded, airtight cover must be opened to refill the fuel hopper; it must remain closed and sealed
during gasifier operation. The spring permits the cover to function as a safety valve because it will pop
open in case of any excessive internal gas pressure.

About one-third of the way up from the bottom of the gasifier unit, thereis aset of radially directed air
nozzles; these allow air to be injected into the wood as it moves downward to be gasified. In agas
generator for vehicle use, the downstroke of the engine's pistons creates the suction force which moves
the air into and through the gasifier unit; during startup of the gasifier, ablower is used to create the
proper airflow. The gasisintroduced into the engine and consumed a few seconds after it is made. This
gasification method is called "producer gas generation," because no storage system is used; only that
amount of gas demanded by the engine is produced. When the, engine is shut off, the production of gas
stops.

file:///IC:/ICDROMs/SCDR-2/Prophecykeepers/POST-NU...covery/3_alternate energy/woodgas/principles.htm (4 of 7) [9/12/2004 4:35:01 PM]



Principles

During normal operation, the incoming air burns and pyrolyzes some of the wood, most of the tars and
oils, and some of the charcoal that fills the constricted area below the nozzles. Most of the fuel massis
converted to gas within this combustion zone. The Imbert gasifier is, in many ways, self-adjusting. If
thereisinsufficient charcoal at the air nozzles, more wood is burned and pyrolyzed to make more
charcoal. If too much charcoal forms, then the charcoal level rises above the nozzles, and the incoming
air burns the charcoal. Thus, the combustion zone is maintained very close to the nozzles.

Below this combustion zone, the resulting hot combustion gases - carbon dioxide (CO,) and water vapor
(H,0) - passinto the hot charcoal where they are chemically reduced to combustible fuel gases: carbon
monoxide (CO) and hydrogen (H,). The hearth constriction causes all gases to pass through the reaction

zone, thus giving maximum mixing and minimum heat loss. The highest temperatures are reached in this
region.

Fine char and ash dust can eventually clog the charcoal bed and will reduce the gas flow unless the dust
isremoved. The charcoal is supported by a movable grate which can be shaken at intervals. Ash buildup
below the grate can be removed during cleaning operations. Usually, wood contains less than 1% ash (by
weight). However, as the charcoal is consumed, it eventually collapses to form a powdery charcoal/ash
mixture which may represent 2 to 10% (by weight) of the total fuel mass.

The cooling unit required for the Imbert gasifier consists of awater filled precipitating tank and an
automotive radiator type gas cooler. The precipitating tank removes all unacceptable tars and most of the
fine ash from the gas flow, while the radiator further cools the gas. A second filter unit, containing afine
mesh filtration material, is used to remove the last traces of any ash or dust that may have survived
passage through the cooling unit. Once out of the filter unit, the wood gasis mixed with air in the
vehicle's carburetor and is then introduced directly into the engine's intake manifold.

The World War 11, Imbert gasifier requires wood with alow moisture content (less than 20% by weight)
and a uniform, blocky fuel in order to allow easy gravity feed through the constricted hearth. Twigs,
sticks, and bark shreds cannot be used. The constriction at the hearth and the protruding air nozzles
present obstructions to the passage of the fuel and may create bridging and channeling followed by poor
guality gas output, as unpyrolyzed fuel falls into the reaction zone. The vehicle units of the World War 11
era had ample vibration to jar the carefully sized wood blocks through the gasifier. In fact, an entire
industry emerged for preparing wood for use in vehicles at that time (Reed and Jantzen 1979). However,
the constricted hearth design seriously limits the range of wood fuel shapes that can be successfully
gasified without expensive cubing or pelletizing pretreatment. It is this limitation that makes the Imbert
gasifier less flexible for emergency use.

In summary, the World War Il Imbert gasifier design has stood the test of time and has successfully been
mass produced. It isrelatively inexpensive, uses simple construction materials, is easy to fabricate, and
can be operated by motorists with a minimum amount of training.
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1.3.2 The Stratified, Downdraft Gasifier

Until the early 1980's, wood gasifiers all over the world (including the World War |1 designs) operated on
the principle that both the fuel hopper and the combustion unit be airtight; the hopper was sealed with a
top or lid that had to be opened every time wood was added. Smoke and gas vented into the atmosphere
while new wood was being loaded; the operator had to be careful not to breathe the unpleasant smoke
and toxic fumes.

Over the last few years, anew gasifier design has been developed through cooperative efforts among
researchers at the Solar Energy Research Institute in Colorado, the University of Californiain Davis, the
Open University in London, the Buck Rogers Company in Kansas, and the Biomass Energy Foundation,
Inc., in Florida (Reed and Das 1988). This simplified design employs a balanced, negative-pressure
concept in which the old type of sealed fuel hopper is no longer necessary. A closureis only used to
preserve the fuel when the engine is stopped. This new technology has several popular names, including
'stratified, downdraft gasification' and 'open top gasification.' Two years of laboratory and field testing
have indicated that such simple, inexpensive gasifiers can be built from existing hardware and will
perform very well as emergency units.

A schematic diagram of the stratified, downdraft gasifier is shown in Fig. 1-3. During operation of this
gasifier, air passes uniformly downward through four zones, hence the name 'stratified:’

1. The uppermost zone contains unreacted fuel through which air and oxygen enter. Thisregion
serves the same function as the fuel hopper in the Imbert design.

2. Inthe second zone, the wood fuel reacts with oxygen during pyrolysis. Most of the volatile
components of the fuel are burned in this zone and provide heat for continued pyrolysis reactions.
At the bottom of this zone, all of the available oxygen from the air has completely reacted. The
open top design ensures uniform access of air to the pyrolysis region.

3. Thethird zone is made up of charcoal from the second zone. Hot combustion gases from the
pyrolysis region react with the charcoal to convert the carbon dioxide and water vapor into carbon
monoxide and hydrogen.

4. Theinert char and ash, which constitute the fourth zone, are normally too cool to cause further
reactions; however, since the fourth zone is available to absorb heat or oxygen as conditions
change, it serves both as a buffer and as a charcoal storage region. Below this zone is the grate.
The presence of char and ash serves to protect the grate from excessive temperatures.

The stratified, downdraft design has a number of advantages over the World War 11, Imbert gasifier. The
open top permits fuel to be fed more easily and allows easy access. The cylindrical shapeis easy to
fabricate and permits continuous flow of fuel. No special fuel shape or pretreatment is necessary; any
blocky fuel can be used.

The foremost question about the operation of the stratified, downdraft gasifier concerns char and ash
removal. Asthe charcoal reacts with the combustion gases, it eventually reaches avery low density and
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breaks up into adust containing all of the ash aswell as a percentage of the original carbon. This dust
may be partially carried away by the gas; however, it might eventually begin to plug the gasifier, and so it
must be removed by shaking or agitation. Both the Imbert gasifiers and the stratified concept have a
provision for shaking the grate; when they are used to power vehicles, they are automatically shaken by
the vehicle's motion.

An important issue in the design of the stratified, downdraft gasifier is the prevention of fuel bridging and
channeling. High-grade biomass fuels such as wood blocks or chips will flow down through the gasifier
under the influence of gravity, and downdraft air flow. However, other fuels (such as shredded wood,
sawdust, and bark) can form a bridge that will prevent continuous flow and cause very high temperatures.
Obvioudly, it is desirable to use these widely available biomass residues. Bridging can be prevented by
stirring, shaking, or by agitating the grate or by having it agitated by the vehicle's movement. For
prolonged idling, a hand-operated shaker has been included in the design.

A prototype design of the stratified, downdraft gasifier design has been developed. The detailed but
simple design is described and illustrated in Section 2 (see Table of Contents), however, it has not been
widely tested at thistime. The reader is urged to use his ingenuity and initiative in constructing his own
wood gas generator. As long as the principle of airtightness in the combustion regions, in the connecting
piping, and in the filter unitsis followed, the form, shape, and method of assembly is not important.

Back to Table of Contents

MENU: HOME » Reconstruction » Recovery » Renewal » Energy Types
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2. BUILDING YOUR OWN WOOD GAS GENERATOR

The following fabrication instructions, parts lists, and illustrations describe the prototype gasifier unit
shown schematically in Fig. 1-3. These instructions are simple and easy to follow. The dimensions in the
following plans are given in inches rather than in millimeters to make construction easier for those who
might be unfamiliar with the metric system and to allow the builder to take advantage of available,
alternate construction materials. It will be obvious to the experienced engineer, mechanic, or builder that
most of the dimensions (for example, plate thicknesses and cleanout diameters) are not critical to the
acceptable performance of the finished gasifier unit.

The prototype gasifier unit described in the following text was actually constructed and field tested on a
gasoline engine farm tractor (a 35-hp, John Deere 1010 Special); see Fig. 2-1. The unit operated very
well, and on par with the European, World War Il designs, but it has not had the test of time nor the
millions of operating hours like the older Imbert design. This new stratified design was devel oped for the
construction of simple, inexpensive emergency wood gas generator units. The prototype design below
should be considered to be the absolute minimum in regard to materials, piping and filter arrangement,
and carburetor system connections.

The gasifier unit, as described below, is designed to maintain proper cooling, even at moderate vehicle
speeds. If thisunit isto be used on stationary engines or on slow-moving vehicles, agas cooler and a
secondary filter must be placed in the piping system between the generator unit and the carburetor. The
ideal temperature for the wood gas at the inlet to the carburetor manifold would be 70°F, with acceptable
peaks of 140 to 160°F. For every 10 degrees above 70°F, an estimated 1% horsepower islost. Cooler gas
has higher density and, therefore, contains more combustible components per unit volume.

The millions of wood gasifiers built during World War Il proved that shape, form, and construction
material bad little or no effect on the performance of the unit. Judicious substitution or the use of
scavenged partsis, therefore, quite acceptable. What isimportant is that:

1. thefire tube dimensions (inside diameter and length) must be correctly selected to match the rated
horsepower of particular engine which isto be fueled,

2. airtightness of the gas generator unit and all connecting piping must be maintained at all times, and

3. unnecessary friction should be eliminated in all of the air and gas passages by avoiding sharp
bends in the piping and by using piping sizes which are not too small.

2.1. BUILDING THE GAS GENERATOR UNIT AND THE FUEL HOPPER

Figure 2-2 shows an exploded view of the gas generator unit and the fuel hopper; the list of materiasis
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given in Table 2-1(all figures and tables mentioned in Sect. 2 are presented at the end of Sect. 2). Only the
dimensions of the fire tube (Item |A) must be reasonably close; all other dimensions and materials can be
substituted as long as compl ete airtightness is maintained. In the following instructions, all item numbers
refer both to Fig. 2-2 and to Table 2-1.

The prototype unit described in this report was constructed for use with a 35-hp gasoline engine; the unit
has afire tube diameter of 6 in. (as determined from Table 2-2). A gas generator unit containing afire
tube up to 9-in. diameter (i.e., agasifier unit for fueling engines up to about 65 hp) can be constructed
from the following instructions. If your engine requires a fire tube diameter of 10 in. or more, use a 55-gal
drum for the gas unit and another 55-gal drum for the fuel hopper.

The following fabrication procedure is very general and can be applied to the construction of gas
generator units of any size; however, the specific dimensions which are given in the partslist and in the
instructions below are for this particular prototype unit. All accompanying photographs were taken during
the actual assembly of the prototype unit. The fabrication procedure is as follows:

1. Using the displacement or horsepower rating of the engine to be fueled by the gasifier unit,
determine the dimensions (inside diameter and length) of the fire tube (Item |A) from Table 2-2.
Fabricate a cylindrical tube or cut alength of correctly sized pipe to match the dimensions from
Table 2-2. (For the prototype gasifier unit illustrated in this report, a 6-in.-diam firetube was used;
itslength was 19 in.)

2. Thecircular top plate (Item 2A) should be cut to a diameter equal to the outside diameter of the
gasifier housing drum (Item 3A) at itstop. A circular hole should then be cut in the center of the
top plate; the diameter of this hole must be equal to the outside diameter of the fire tube. Thefire
tube (Item 1A) should then be welded at aright angle to the top plate (Item 2A) as shown in Fig. 2-

3.

3. Thegrate (Item 4A) should be made from a stainless steel mixing bow! or colander.
Approximately 125 holes with diameters of 1/2 in. should be drilled in the bottom and up the sides
of the mixing bowl; see Fig. 2-4. A U-bolt (Item 5A) should be welded horizontally to the side of

the grate, 2 in. from its bottom. This U-bolt will be interlocked with the shaker mechanism (Item
12A) in alater step.

4. The support chains (Item 6A) are to be attached to the grate in three evenly spaced holes drilled
under the lip of the mixing bowl or colander; see Fig. 2-5. These chains are to be connected to the

top plate (Item 2A) with eyebolts (Item 7A), as shown in Fig. 2-6. Each eyebolt should have two

nuts, one on each side of the top plate, so that the eyebolts can be adjusted to the proper length.
When assembled, the bottom of the firetube should be 1.25 in. above the bottom of the mixing
bowl.
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5. A hole equal to the outside diameter of the ash cleanout port (Item SA) should be cut into the side
of the gasifier housing drum (Item 3A); the bottom edge of this hole should be about 1/2 in. from
the bottom of the drum. Because of the thin wall thickness of oil drums and garbage cans, welding
Is not recommended; brazing such parts to the drums or cans will ensure both strength and
airtightness (see Fig. 2-7).

6. Two holes, equal to the outside diameters of the ignition ports (Item 10A), are to be cut with their
centers at a distance from the top of the housing drum (Item 3A) equal to the firetube length less 7
in. (19in. less 7 in. equals 12 in. for this prototype unit); the holes should be placed opposite each
other as shown in Fig. 2-2. The ignition ports should be attached to the wall of the housing drum

by brazing.

7. When the ash cleanout port (Item 8A) and the ignition ports (Item 10A) have been attached to the
wall of the gasifier housing drum (Item 3A), they should then be closed with pipe caps, Items 9A
and 11A respectively. The threads of the pipe caps should be first coated with high temperature
silicone (Item 27A) to ensure airtightness. An optional steel crossbar welded to the pipe cap will
reduce the effort required to open these caps later.

8. The shaker assembly (Item 12A) isshown in Fig. 2-8. The 1/2-in. pipe (Item 1AA) should be
brazed into the side of the housing drum (Item 3A), 1.5 inches from the bottom of the drum; the
length of this pipe which protrudes into the drum must be chosen so that the upright bar (Item
2AA) isin line with the U-bolt (Item 5A) on the grate. Likewise, the length of the upright bar must
be selected so as to connect into the U-bolt.

9. Weld the upright bar (Item 2AA) to the head of the bolt (Item 3AA). The threaded end of the bolt
should be ground down or flattened on one side, as shown in Fig. 2-9, to positively interlock with a
slot to be drilled and filed in the handle (Item 4AA). The handle can be formed or bent into any
desired or convenient shape.

10. A hole should be drilled in the pipe cap (Item 7AA) so that there is a close fit between this hole
and the bolt (Item 3AA). The close fit will help to ensure airtightness.

11. Before assembling the shaker, as shown in Fig. 2-8, coat the bolt (Item 3AA) with a small amount
of grease. Before inserting the bolt, fill the pipe (Item IAA) with high temperature silicone (Item
27A) to ensure airtightness. Tighten the nuts (Item 6AA) so that the position of the handle (Item
4AA) is maintained by friction, yet is capable of being turned and agitated during cleanout or
stationary operation.

12. Fabricate the supports (Item 13A) for the gasifier unit housing drum (Item 3A) out of rectangular,
iron bar stock. The shape and height of the support flanges must be determined by the frame of the
vehicle to which the gasifier is to be mounted. The supports can either be bolted to the bottom and
side with the 114-in. bolts (Item 14A) or can be brazed directly to the drum; see Fig. 2-10.
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13.

14.

15.

16.

17.

18.

19.

20.

21,

Remember to seal all bolt holes for airtightness.

Completely cover the bottom of the housing drum (Item 3A) with 1/2 in. of hydraulic cement
(Item 28A). The cement should also be applied to the inside of the drum for about 5 in. up the
inside walls near the bottom. All edges should be rounded for easy ash removal.

The fuel hopper (Item 15A) isto be made from a second container with its bottom up as shown in
Fig. 2-11. Remove the bottom, leaving a 1/4-in. lip around the circumference.

A garden hose (Item 17A) should be cut to alength equal to the circumference of the fuel hopper
(Item 15A) and should then be, dlit along its entire length. It should be placed over the edge of the
fuel hopper from which the bottom was removed. Thiswill prevent injury to the operator when
adding wood fuel to the unit. To insure close fit of the garbage can lid (Item 16A), a piece of
weather stripping (Item 18A) should be attached under the lid where it makes contact with the fuel
hopper.

Cut four support bars (Item 19A) to lengths 2.5 in. longer than the height of the fuel hopper (Item
15A). Drill a3/8-in. hole in each end of all four support bars; these holes should be centered 3/4 in.
from the ends. Bend 2 in. of each end of these support bars over at aright angle; then, mount them
evenly spaced around the fuel hopper (Item 15A) with 1/4-in. bolts (Item 20A). One of the bends
on each support bar should be as close to the lower edge of the fuel hopper as possible.

Cut four metal triangular standoffs (Item 21A) and braze, weld, or rivet them flat against the edge
of the garbage can lid (Item 16A) as shown in Fig. 2-12; they must be aligned with the four

support bars (Item 19A) attached to the fuel hopper. During operation, the garbage can lid must
have a minimum 3/4-in. opening for air passage; the standoffs should provide this clearance, where
they are engaged into the holes in the top edges of the support bars (Item 19A); see Fig. 2-13..

Two eye hooks (Item 22A) should be attached to opposite sides of the garbage can lid (Item 16A).
Two screen door springs (Item 23A) should be attached to the garbage can handle-s and used
under tension to keep the top lid (Item 16A) either open or closed.

Cut the oil drum lock ring (Item 24A) to the exact circumference of the top plate (Item 2A) so that
it will fit snugly around the gasifier unit housing drum (Iltem 3A).

Cut four 2 by 2 by 1/4-in. tabs (Item 25A); then, braze these tabs to the lock ring (Item 24A),
evenly spaced and in alignment with the support bars (Item 19A) on the fuel hopper. Drill a 3/8-in.
hole in each tab to align with the holes in the fuel hopper support bars (Item 19A). Thelock ring is
shown in Fig. 2-14.

The connecting pipe (Item 29A) between the gasifier unit and the filter unit should be attached to
the gasifier housing drum (Item 3A) at apoint 6 in. below the top of the drum. This pipe must be a
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minimum of 2-in. in diameter and should be at least 6 ft long for cooling purposes. At least one of
the ends of this pipe must be removable for cleaning and maintenance. On this prototype unit, an
airtight electrical conduit connector was used; this connection isvisiblein Fig. 2-1. Many similar
plumbing devices are available and can be used if they are suitable for operation at 400°F and
above. The pipe can also be welded or brazed directly to the housing drum.

22. When assembling the gasifier unit, the upright bar (Item 2AA) on the shaker assembly must be
placed inside the U-bolt (Item 5A) on the grate.

23. Thelock ring will then clamp the gasifier unit housing drum (Item 3A) and the top plate (Item 2A)
together. The fuel hopper support bars (Item 19A) must be attached to the tabs (Item 25A) on the
lock ring with bolts (Item 26A). High temperature silicone (Item 27A) should be applied to all
edges to make an airtight connection. The lock ring connections are shown in the lower portion of

Fig. 2-13.
2.2 BUILDING THE PRIMARY FILTER UNIT

Figures 2-15 and 2-16 show exploded views of the primary filter unit; the list of materialsisgivenin
Table 2-3 (all figures and tables mentioned in Sect. 2 listed in the figure and table files). In the following
instructions, all item numbers refer to either Fig. 2-15 or 2-16 and to Table 2-3.

The prototype primary filter unit was made from a 5-gal paint can. That size seems to be sufficient for
gasifierswith fire tubes up to 10 in. in diameter. If afire tube diameter of more than 10 in. isrequired,
then a 20-gal garbage can or a 30-gal oil drum should be used. The Filter unit could be fabricated in any
shape or form as long as airtightness and unobstructed flow of gas are provided. If a5-gal container is
used, it must be clean and free of any chemical residue. The top edge must be straight and without any
indentations. If an alternate container can be found or fabricated, alarger diameter will permit longer
operation between cleanings.

The piping (Item 29A in Figs. 2-2 and 2-15) which connects the gas generator unit to the primary filter
should be considered to be a necessary part of the cooling system and should never have an inside
diameter lessthan 2 in. A flexible automotive exhaust pipe was used on the prototype filter unit described
below; it was shaped into a semicircular are so that increased length would achieve a greater cooling
effect. The fabrication procedure for the filter unit follows:

1. A hole equal to the outside diameter of the drain tube (Item 13B in Fig. 2-15) should be cut into

the side of the filter container (Item 1B); the bottom edge of this hole should be about 1/2 in. from
the inside bottom of the container.

2. Thedrain tube (Item 13B) should be inserted into the previously cut hole in the filter container and
should be positioned so that its nonthreaded end is near the center of the container and is about 1/2
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in. off the bottom. Once this position has been ensured, braze (do not weld) the drain pipe into the
side of thefilter container. Close the threaded, exterior end of the drain pipe with the pipe cap
(Item 14B).

Coat the bottom of the filter container (Item 1B) with a 1/2-in. layer of hydraulic cement (Item
28A\), taking care not to plug or obstruct the end of the drain tube (Item 13B) with cement (i.e., fill
the drain tube with a paper, styrofoam, or other easily removable, but rigid material). The cement
should also be applied for about 1.5 in. up the inside walls of the container near its bottom. Round
the edges dlightly; the cement isto provide a pathway for any liquid condensate to drain out
through the drain tube. The cement must be allowed to harden before proceeding with the
fabrication steps below. Remove the filler material from the drain tube when the cement has
hardened.

A circular bottom plate (Item 2B) should be cut to adiameter 1/2 in. smaller than the inside
diameter of the filter container (Item 1B). Thiswill allow for heat expansion and easy removal for
cleaning. This bottom plate should be drilled with as many 3/4-in. holes as are practical for the size
of the plate. Three evenly spaced 3/8-in. holes should also be drilled around the edge of the bottom
plate for the spacer bolts (Item 3B).

Fig. 2-16 showsthe detail of using three bolts (Item 3B) as spacers for the bottom plate (Item 2B).

The length of the bolts should be adjusted to provide a clearance of about 2-in. between the layer
of cement in the bottom of the container (Item 1B) and the bottom plate (Item 2B).

A rectangular divider plate (Item 4B) should be cut to awidth 1/4 in. less than the inside diameter
of thefilter container (Item 1B) and to aheight 2.5 in. less than the inside height of the container.
This divider plate should then be welded at aright angle to the centerline of the bottom plate (Item
2B) asshownin Fig. 2-17.

Cut a piece of high-temperature hydraulic hose (Item 5B) to alength equal to the circumference of
the filter container. It should be dlit along its entire length and then placed over the top edge of the
filter container (Item 1B) to ensure airtightness.

A circular lid (Item 6B) should be cut equal to the outside diameter of the filter container (Item
1B). Three holes should be cut into thislid for the exhaust pipe (Item 29A) from the gasifier unit,
the blower (Item 7B), and the filter exhaust pipe (Item 10B) to the engine manifold. Note the
arrangement of these holes: the pipe (Item 29A) from the gasifier unit must enter the lid on one
side of the divider plate (Item 4B); the blower (Item 7B) and the filter exhaust pipe (Item 10B) to
the engine manifold must be located on the other side of the divider plate. This arrangement can be

seenin Fig. 2-18.

. The connecting pipe (Item 29A) between the gasifier unit and the filter unit should be attached to

the lid (Item 5B) of the filter container. At least one of the ends of the connecting pipe (Item 29A)
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10.

11.

12.

13.

14.

15.

must be removable for cleaning and maintenance. On this prototype unit, an airtight electrical
conduit connector was used. Many similar plumbing devices are available and can be used if they
are suitable for operation at 400°F and above. The pipe can aso be welded or brazed directly to the
lid.

Attach the blower (Item 7B) to the filter container lid (Item 6B). On the prototype gasifier
illustrated in this report, a heater blower from a V olkswagen automobile was used. Connections for
avertical extension tube (Item SB) will have to be fabricated as shown in Fig. 2-19. A closing cap
(Item 9B) isrequired for the blower exhaust tube. A plumbing cap of steel or plastic with aclose
fit can be used or fabricated to fit. The vertical extension and the closing cap arevisiblein Fig. 2-1.

The gas outlet (Item 10B) to the carbureting unit on the engine should be 1.25 in. minimum
diameter. In fabricating this connection, all abrupt bends should be avoided to ensure free flow of
gas. Using plumbing elbows is one solution. The gas outlet (Item 10B) can either be welded or
brazed to the lid (Item 6B) of the filter container or an airtight, electrical conduit connector can be
used.

L atching devices (Item 11B) should be welded or brazed to the lid (see Fig. 2-20) and to the sides
(see Fig. 2-21) of thefilter container. An air tight connection between the lid and the filter
container must be maintained.

Cut two lengths of high-temperature hydraulic hose (Item 12B) equal to the height of the divider
plate (Item 4B); cut athird length of hose equal to the width of the divider plate. Slit each hose
along its entire length. Place the first two hoses on each side of the divider plate, and place the
third hose along the top edge of the divider plate as shownin Fig. 2-17.

Insert the divider plate (Item 4B) into the filter container (Item 1B), making sure that the hoses
(Item 12B) create an airtight seal along all sides. By changing the length of the spacer bolts (Item
3B), adjust the height of the divider plate so that it is exactly flush with the top of the filter
container. Make sure that the lid (Item 5B) will seat flatly and tightly against the top edge of the
divider plate.

Fill the filter container (Item 1B) on-both sides of the divider plate with wood chips, the same kind
aswould be used for fuel in the gasifier unit. After carefully packing and leveling these wood
chips, place the lid (Item 6B) on the filter container, and close the latches tightly.

2.3. BUILDING THE CARBURETING UNIT WITH THE AIR AND
THROTTLE CONTROLS

Figures 2-22 and 2-23 show exploded views of the carbureting unit; the list of materialsisgivenin Table

2-4 (all figures and tables mentioned in Sect. 2 are presented at the end of Sect. 2). In the following
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instruction's, al item numbers refer both to Figs. 2-22 and 2-23 and to Table 2-4. The followingisa

simple and easy way to assemble a carburetor to achieve both air mixture and throttle control. It can be
mounted to either updraft or downdraft manifolds by simply turning the unit over. Most of the fabrication
procedure below is devoted to the assembly of two butterfly valves: one for the throttle valve and one for
the air mixture valve. The remainder of the carburetor unit can be assembled from ordinary, threaded
plumbing parts.

The inside diameter of the piping used in the carburetor unit must be related to the size of the engine and
should never be smaller than the intake opening on the engine manifold. If in doubt on the inside diameter
for the pipe and/or hose sizes, always go with alarger diameter. Thiswill reduce friction losses and will
give longer operating hours between cleanings.

When the wood gas |leaves the filter unit it should normally be below 180°F. About 2 ft from the filter
container, an automotive water hose can be connected to the pipe on the carbureting unit. This rubber
hose will keep engine vibration from creating air leaks in the filter unit or in the connecting piping. The
hose must be afairly new item; such hoses have a steel spring inside to keep them from collapsing when
negative pressure is applied. The spring will soon rust if it has first been subjected to water and then to the
hot wood gas enriched with hydrogen. The fabrication procedure for the assembly of two butterfly valves
follows:

1. The manifold adapter (Item 1C in Fig. 2-22) must be fitted with bolts and/or holes for mounting

onto the engine's existing intake manifold. Because gasoline engines are produced with so many
different types of intake manifolds, ingenuity and common sense must be used to modify the
manifold adapter (Item 1C) for each different engine to be operated on wood gas. A gasket (Item
7C) should be cut to match the shape of the engine intake fitting.

2. The butterfly valve (Item 3C) is shown in Figs. 2-24 and 2-25; two such valves are required. A 3/8-

in. hole should be drilled through the diameter of each valve body (Item 1CC) at the midpoint of
its length.

3. Thevalve plate (Item 2CC) must be oval in shape with the dimensions given in Table 2-4. An oval

valve plate must be used so that, in the closed position, the valve will be about 100 off center. This
will ensure that the valve will come to a complete stop in the closed position.

4. The edges of the valve plate (Item 2CC), around the longer diameter of the oval, should be beveled
to provide a positive, airtight closure. Two evenly spaced, 1/4-in. holes should be drilled along the
shorter diameter of the oval plate.

5. The valve support rod (Item 3CC) should be filed or ground flat on one side as shown in Fig. 2-24;

the flat area must begin 1/4 in. from one end and must continue for a distance equal to the inside
diameter of the valve body (Item 1CC).
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10.

11.

12.

13.

14,

Two 3/16-in. holes should be drilled into the flat area of the valve support rod (Item 3CC); these
holes must align with the holesin the valve plate (Item 2CC). They must also be tapped (with
threads) to accept the valve plate screws (Item 4CC).

The butterfly valve (Item 3C) should be assembled by first placing the valve support rod (Item
3CC) through the hole in the valve body (Item 1CC). The valve plate (Item 2CC) should be
dropped into one end of the valve body and then inserted into the flat area of the valve support rod.
The two screws (Item 4CC) should be used to attach the valve plate to the support rod. Check to
see that the assembled valve plate rotates freely and seats completely in the closed position.

A nut (Item 6CC) should be welded flat against one side of the throttle arm (Item 5CC) near its
end. A 1/8-in. hole should be drilled into the side of the nut and must be threaded to accept the set
screw (Item 7CC). At least one hole should be drilled into the throttle arm for attachment of the
engine throttle control or air control linkages.

Place the nut (Item 6CC) on the throttle arm over the end of the valve support rod (Item 3CC) and
use the set screw (Item 7CC) to secure the assembly. The throttle arm can be placed in any
convenient orientation. Assembled butterfly valves are shown in Fig. 2-26.

The remaining parts of the carburetor assembly should be screwed together as shown in Fig. 2-27.

Pipe thread compound should be used to make airtight connections. The assembled carburetor unit
should be attached to the engine's intake manifold as shown in Fig. 2-28

This prototype gasifier was designed to operate if gasoline were unavailable; but, if dual operation
on wood and gasoline is desired, the elbow (Item 2C) could be replaced with atee, allowing a
gasoline carburetor to also be mounted.

The arm on the butterfly valve (Item 3C) which is closest to the elbow (Item 2C) isto be
connected to the foot- (or, on tractors, hand-) operated accelerator. The other butterfly valveisto
be used as the air mixture control valve and can be operated with a manual choke cable. If the
engine has an automatic choking device, then a hand operated choke cable should be installed.
Both butterfly valves and their connecting control linkages must operate smoothly with the ability
to adjust the valve yet keep it stationary in the selected position during operation. The linkages
must close the valves airtight when the engine is off.

Theair inlet (Item 6C) should be connected by an extension hose or pipe, either iron or plastic, to
the existing engine's air filter in order to prevent road dust or agricultural residue from entering the
engine.

The wood gasinlet (Item 5C) is to be connected to the outlet piping (Item 10B as shown in Fig. 2-
15) from the wood gas filter unit. Part of this connection should be a high-temperature rubber or
neoprene hose to absorb engine vibration.
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3. OPERATING AND MAINTAINING YOUR
WOOD GAS GENERATOR

3.1 USING WOOD AS A FUEL

Because wood was used extensively as generator fuel during World War 11, and since it is plentiful in
most parts of the populated United States, it merits particular attention for use as an emergency source of
energy. When used in gas generators, about 20 |b. of wood have the energy equivalence of one gallon of
gasoline.

Wood consists of carbon, oxygen, hydrogen, and a small amount of nitrogen. As a gas generator fuel,
wood bas several advantages. The ash content is quite low, only 0.5 to 2% (by weight), depending on the
species and upon the presence of bark. Wood is free of sulfur, a contaminant that easily forms sulfuric
acid which can cause corrosion damage to both the engine and the gas generator. Wood is easily ignited a
definite virtue for the operation of any gas generator unit.

The main disadvantages for wood as afuel are its bulkiness and its moisture content. Asit isarelatively
light material, one cubic yard of wood produces only 500 to 600 Ib. of gas generator fuel. Moisture
content is notoriously high in wood fuels, and it must be brought below 20% (by weight) before it can be
used in a gas generator unit. By weight, the moisture in green wood runs from 25 to 60%, in air-dried
wood from 12 to 15%, and in kiln-dried wood about 8%. M oisture content can be measured quite easily
by carefully weighing a specimen of the wood, placing it in an oven at 220° F for thirty minutes,
reweighing the specimen, and reheating it until its weight decreases to a constant value. The original
moisture content is equivalent to the weight lost.

The prototype unit in this manual (with an 6-in.-diam firetube) operated well on both wood chips
(minimum size: 3/4 by 3/4 by 1/4 in.) and blocks (up to 2-in. cubes); see Fig. 3-1 (all figures and tables
mentioned in Sect. 3 are presented at the end of Sect. 3). Larger sizes could be used, if the firetube
diameter isincreased to prevent bridging of the individual pieces of wood; of course, athroat restriction
would then have to be added to the bottom of the firetube so asto satisfy the dimensionsin Table 2-2 in

Sect. 2.

3.2 SPECIAL CONSIDERATIONS AND ENGINE
MODIFICATIONS
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To start the firein the gasifier, the blower must be used to create a suction airflow through the wood in
the hopper and downward in the firetube. If an especially high horse power engineisto be fueled by the
gasifier unit, then it might be necessary to install two such blowers and run them simultaneously during
start-up.

When the wood gas leaves the gasifier unit, all the oxygen pulled down with the air through the firetube
has been chemically converted and is contained in carbon monoxide (CO) and water (H,0). The wood

gasis unable to burn without being mixed with the proper amount of additional oxygen. If an air leak
develops below the grate area, the hot gas will burn while consuming the available oxygen and will
create heat; thiswill amost certainly destroy the gasifier unit if it is not detected soon. If an air leak
develops in the filter unit or in the connecting piping, the gas will become saturated with improper
amounts of oxygen and will become too dilute to power the engine. Therefore airtightness from the
gasifier unit to the engine is absolutely essential.

|dedlly, asthe wood gas enters the engine manifold it should be mixed with air inaratio of 1:1 or 1.1:1
(air to gas) by volume. The carburetion system described in this report will provide this mixture with a
minimum of friction losses in the piping. The throttle control valve and the air control valve must be
operable from the driver's seat of the vehicle. The engine's spark plug gaps should be adjusted to between
0.012 and 0.015 in.; the ignition timing should be adjusted to ‘early.’

3.3 INITIAL START-UP PROCEDURE

Initially, you will need to add charcoal to the grate below the firetube. Subsequent operation will already
have the grate full of charcoa which has been left over from the previous operating period.

Fill the firetube with charcoal to alevel 4 in. above the grate. Fill the hopper with air-dried wood; then,
proceed with the routine start-up directions below.

Charcoal produced for outdoor barbecue grillsis not well suited for gas generator use. To produce a
better grade of charcoal, place arag soaked in acohol on the grate, or place 3 to 5 pages of newspaper on
the grate, then fill the fire tube to a height of 10 to 12 in. with well-dried wood. Have all the valves
closed and let the Fire tube act as a chimney until the wood is converted to charcoal.

3.4 ROUTINE START-UP PROCEDURE

1. Agitate the grate shaker handle for at least twenty seconds to shake down the Charcoal from the
previous operating period.

2. Open the ash cleanout port and remove the ashes from the generator housing drum. Lubricate the
threads of the cleanout port with high-temperature silicone, and close the cover of the cleanout
port so that it isairtight.
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3. Fill the hopper with wood fuel, and tamp the fuel down lightly. Either leave the lid completely off
the fuel hopper, or adjust the opening around the lid to a 3/4-in. (or larger) clearance.

4. Close the carburetor's air control valve and remove the cover from the blower exhaust on top of
the filter unit. Start the blower, and let it run for thirty seconds to avoid explosion of residual gas
in the system. Then, with the blower still operating, proceed with the next step.

5. Open theignition port, and ignite a 12- by 12-in. piece of newspaper; with along stick or wire,
push the burning sheet of newspaper into the grate; see Fig. 3-2. Close the ignition port. If no
smoke appears at the blower's exhaust port, repeat the start-up sequence from Step (5). If repeated
attempts fail. new charcoal should be added to the unit as described in Sect. 3.3, above, and the
start-up ignition sequence should be repeated.

6. After afew minutes of smoky exhaust, test the gas at the, blower exhaust by safely and carefully
attempting to ignite it, see Fig. 3-3. When the gas burns consistently well, stop the blower and

replace the cover on the blower exhaust.

7. Open the carburetor's air control valve, adjust the engine's accelerator, and start the enginein a
normal manner. Let the engine warm up slowly (two to five minutes). If the engine failsto start or
dies repeatedly, restart the blower and repeat the ignition sequence from Step (4).

3.5 DRIVING AND NORMAL OPERATION

Shift gears so as to keep the engine speed (rpm) high at al times. Remember that it is the vacuum created
by the pistons that provides the force which moves the gas from the gasifier unit into the engine.

Refill the hopper with wood (as shown in Fig. 3-4) beforeit is completely empty, but avoid refilling just

before the end of engine operation. Periodically shake down the ashes from the grate. If your system is
equipped with a gas cooler, drain water from the cooler from time to time.

Under operation in dry weather, the gasifier can be operated without the lid on the fuel hopper. However,
when the gasifier unit is shut down the hopper must be covered to prevent air from continuing to burn the
wood in the hopper. Under wet-weather operation, the cover must be placed on the fuel hopper, and then
lifted up and rotated about 2 in. until the triangular pieces line up with the holes in the support bars. The
tension of the screen door springs will then hold the lid closed. See Fig. 3-5 for clarification.

3.6 SHUTTING DOWN THE GASIFIER UNIT

When shutting down the gasifier unit, turn off the ignition switch and open the carburetor's air control
valve for ten seconds to relieve any pressure from within the system. Then, completely close the air
control valve, and place the cover tightly on the fuel hopper. When restarting after a short stopover, let
the engine warm up briefly. After longer stops (up to one hour), tamp down the wood lightly and try to
use the blower for restarting without relighting the wood fuel. After very long stops (over two hours) the
charcoa must be ignited again.
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3.7 ROUTINE MAINTENANCE

Periodically check all nuts on the gasifier unit, the fuel hopper, the filter unit, and the carburetor for
snugness; check al penetrations and fittings for airtightness. In addition, perform the following
mai ntenance activities as schedul ed:

3.7.1 Daily Maintenance

Open the ash cleanout port of the gasifier housing drum and remove the ashes after shaking the grate for
at least thirty seconds. Replace the cover of the port after coating the threads with high-temperature
silicone to ensure airtightness. Open the drain tube, at the bottom of the filter container and allow any
liquid condensate to drain out; remember to close the drain tube when finished.

3.7.2 Weekly Maintenance (or every 15 hours of operation)

Clean out the gasifier housing drum, the fuel hopper, and the filter. Rinse out the piping and connections
to and from the filter. Replace the wood chips inside the filter, (The used wood chips from the filter can
be dumped into the fuel hopper and burned to produce wood gas.) Use high-temperature silicone on all
pipe connections and on the filter lid to ensure airtightness.

3.7.3 Biweekly Maintenance (or every 30 hours of operation)

Make sure that all pipe connections are secure and airtight. Check and tighten all mounting connections
to the vehicle chassis. Check for rust on the outside of the gas generator housing drum, especially on the
lower region. Coat with high-temperature protective paint as necessary.

3.8 OPERATING PROBLEMS AND TROUBLE-
SHOOTING

A discussion of problems and their related causes and cures is contained in the trouble-shooting guide of
Table 3-1. Many operational problems can be traced to failure to maintain the airtightness of all piping

connections and fittings; the piping should be routinely checked to prevent such problems.

3.9 HAZARDS ASSOCIATED WITH GASIFIER
OPERATION

Unfortunately, gas generator operation involves certain problems, such as toxic hazards and fire hazards.
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These hazards should not be treated lightly; their inclusion here, at the end of this report, does not mean
that these hazards are unimportant. The reader should not underestimate the dangerous nature of these
hazards.

3.9.1 Toxic Hazards

Many deaths in Europe during World War Il were attributed to poisoning from wood gas generators. The
danger of 'generator gas poisoning' was one of the reasons that such gasifiers were readily abandoned at
the end of World War I1. It isimportant to emphasize that generator gas poisoning' is carbon monoxide
(CO) poisoning. Acute 'generator gas poisoning' isidentical with the symptoms that may develop if a
heating stove damper is closed too early, or if agasoline vehicleis allowed to idlein a poorly ventilated
garage.; Table 3-2 shows how poisoning symptoms devel op according to the concentration of carbon

monoxide in breathable air. It isimportant to note that rather brief exposures to very small concentrations
of carbon monoxide result in undesirable physiological effects.

In case of carbon monoxide poisoning, first aid should consist of the following procedures:

1. Move the victim quickly out into the open air or to aroom with fresh air and good ventilation. All
physical exertion on the part of the victim must be avoided.

2. If the victim is unconscious, every second is valuable. Loosen any tight clothing around the neck.
If breathing has stopped, remove foreign objects from the mouth (fal se teeth, chewing gum, etc.)
and immediately give artificial respiration.

3. Keep the victim warm.
4. Always cal aphysician.

5. In case of mild carbon monoxide poisoning without unconsciousness, the victim should be given
oxygen if possible.

3.9.2 Technical Aspects of 'Generator Gas Poisoning’

Generator gas poisoning is often caused by technical defects in the functioning of the gas generator unit.
When the engine is running, independent of the starting blower, the entire system is under negative
pressure created by the engine's pistons; the risk of poisoning through leakage is therefore minimal.
However, when the engine is shut off, formation of wood gas continues, causing an increase of pressure
inside the generator unit. This pressure increase lasts for approximately 20 minutes after the engineis
shut off. For thisreason, it is not advisable to stay in the vehicle during this period. Also, the gas
generator unit should be alowed to cool for at least 20 minutes before the vehicleis placed in an
enclosed garage connected with living quarters. It should be emphasized that the gas formed during the
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shutdown period has a carbon monoxide content of 23 to 27% and is thus very toxic.

3.9.3 Fire Hazard

The outside of a gas generator housing drum may reach the same temperature as a catalytic converter on
today's automobiles. Care should be taken when operating in areas where dry grass or combustible
material can come into contact with the housing drum of the gas generator unit. If a gas generator unit is
mounted on a personal car, bus, van or truck, a minimum 6-in. clearance must be maintained around the
unit. Disposal of ashes must only be attempted after the unit has cooled down (to below 1500F). Such
residue must be placed away from any combustible material and preferably be hosed down with water for
absolute safety.
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2. BUILDING YOUR OWN
WOOD GAS GENERATOR

Ihe following fabrication instructions, parts lists, and
illustrations describe the prototype gasifier unit
shown schematically in Fig. 1-3. These instructions
are simple and easy to follow. The dimensions in the
following plans are given in inches rather than in
millimeters to make construction easier for those
who might be unfamiliar with the metric system and
to allow the builder to take advantage of available,
alternate construction materials. It will be obvious to
the experienced engineeer, mechanic, or builder that
most of the dimensions (for example, plate
thicknesses and cleanout diameters) are not critical
to the acceptable performance of the finished
gasifier unit.

The prototype gasifier unit described in the
following text was actually constructed and field
tested on a gasoline engine farm tractor (a 35-hp,
John Deere 1010 Special); see Fig. 2-1. The unit
operated very well, and on par with the European,
World War |1 designs, but it has not had the test of
time nor the millions of operating hours like the
older Imbert design. This new stratified design was
developed for the construction of simple,
inexpensive emergency wood gas generator units.
The prototype design below should be considered to
be the absolute minimum in regard to materials,
piping and filter arrangement, and carburetor system
connections.

The gasifier unit, as described below, is designed to
maintain proper cooling, even at moderate vehicle
speeds. If this unit isto be used on stationary
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engines or on slow-moving vehicles, a gas cooler
and a secondary filter must be placed in the piping
system between the generator unit and the
carburetor. The ideal temperature for the wood gas
at the inlet to the carburetor manifold would be
700F, with acceptable peaks of 140 to 160°F. For
every 10 degrees above 70°F, an estimated 1%
horsepower islost. Cooler gas has higher density
and, therefore, contains more combustible
components per unit volume.

The millions of wood gasifiers built during World
War |1 proved that shape, form, and construction
material bad little or no effect on the performance of
the unit. Judicious substitution or the use of
scavenged partsis, therefore, quite acceptable. What
isimportant is that:

1. thefire tube dimensions (inside diameter and
length) must be correctly selected to match
the rated horsepower of particular engine
which isto be fueled,

2. airtightness of the gas generator unit and all
connecting piping must be maintained at all
times, and

3. unnecessary friction should be eliminated in
al of the air and gas passages by avoiding
sharp bends in the piping and by using piping
sizes which are not too small.

2.1. BUILDING THE GAS
GENERATOR UNIT AND THE

FUEL HOPPER

Figure 2-2 shows an exploded view of the gas

generator unit and the fuel hopper; the list of
materialsisgivenin Table 2-1(all figures and tables

mentioned in Sect. 2 are presented at the end of
Sect. 2). Only the dimensions of the fire tube (Item
|A) must be reasonably close; al other dimensions
and materials can be substituted as long as complete
airtightness is maintained. In the following
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instructions, all item numbers refer both to Fig. 2-2
andto Table 2-1.

The prototype unit described in this report was
construeted for use with a 35-hp gasoline engine; the
unit has afire tube diameter of 6 in. (as determined
from Table 2-2). A gas generator unit containing a
fire tube up to 9-in. diameter (i.e., agasifier unit for
fueling engines up to about 65 hp) can be
constructed from the following instructions. If your
engine requires afire tube diameter of 10 in. or
more, use a 55-gal drum for the gas unit and another
55-gal drum for the fuel hopper.

The following fabrication procedure is very general
and can be applied to the construction of gas
generator units of any size; however, the specific
dimensions which are given in the partslist and in
the instructions below are for this particul ar
prototype unit. All accompanying photographs were
taken during the actual assembly of the prototype
unit. The fabrication proecdureis as follows:

1. Using the displacement or horsepower rating
of the engine to be fueled by the gasifier unit,
determine the dimensions (inside diameter
and length) of the fire tube (Item |A) from
Table 2-2. Fabricate a cylindrical tube or cut
alength of correctly sized pipe to match the
dimensions from Table 2-2. (For the
prototype gasifier unit illustrated in this
report, a 6-in.-diam firetube was used; its
length was 19 in.)

2. Thecircular top plate (Item 2A) should be
cut to adiameter equal to the outside
diameter of the gasifier housing drum (Item
3A) at itstop. A circular hole should then be
cut in the center of the top plate; the diameter
of this hole must be equal to the outside
diameter of the fire tube. The fire tube (Item
1A) should then be welded at aright angle to

http://www.gengas.nu/byggbes/13.shtml (3 of 17) [9/12/2004 4:35:23 PM]



The Gengas Page

the top plate (Item 2A) as shown in Fig. 2-3.

. The grate (Item 4A) should be made from a

stainless steel mixing bowl or colander.
Approximately 125 holes with diameters of
1/2 in. should be drilled in the bottom and up
the sides of the mixing bowl; see Fig. 2-4. A
U-bolt (Item 5A) should be welded
horizontally to the side of the grate, 2 in.
from its bottom. This U-bolt will be
interlocked with the shaker mechanism (Item
12A) in alater step.

. The support chains (Item 6A) areto be

attached to the grate in three evenly spaced
holes drilled under the lip of the mixing bowl
or colander; see Fig. 2-5. These chains are to

be connected to the top plate (Item 2A) with
eyebolts (Item 7A), as shown in Fig. 2-6.

Each eyebolt should have two nuts, one on
each side of the top plate, so that the eyeholts
can be adjusted to the proper length. When
assembl ed, the bottom of the firetube should
be 1.25 in. above the hottom of the mixing
bowl.

. A hole equal to the outside diameter of the

ash cleanout port (Item SA) should be cut
into the side of the gasifier housing drum
(Item 3A); the bottom edge of this hole
should be about 1/2 in. from the bottom of
the drum. Because of the thin wall thickness
of oil drums and garbage cans, welding is not
recommended; brazing such parts to the
drums or cans will ensure both strength and
airtightness (see Fig. 2-7).

. Two holes, equal to the outside diameters of

theignition ports (Item 10A), are to be cut
with their centers at a distance from the top
of the housing drum (Item 3A) equal to the
firetubelength less 7 in. (19in. less 7 in.
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10.

equals 12 in. for this prototype unit); the
holes should be placed opposite each other as
shown in Fig. 2-2. The ignition ports should
be attached to the wall of the housing drum
by brazing.

When the ash cleanout port (Item 8A) and
theignition ports (Item 10A) have been
attached to the wall of the gasifier housing
drum (Item 3A), they should then be closed
with pipe caps, Items 9A and 11A
respectively. The threads of the pipe caps
should be first coated with high temperature
silicone (Item 27A) to ensure airtightness. An
optional steel crossbar welded to the pipe cap
will reduce the effort required to open these
caps later.

The shaker assembly (Item 12A) isshownin
Fig. 2-8. The 1/2-in. pipe (Item 1AA) should
be brazed into the side of the housing drum
(Item 3A), 1.5 inches from the bottom of the
drum; the length of this pipe which protrudes
into the drum must be chosen so that the
upright bar (Item 2AA) isin line with the U-
bolt (Item 5A) on the grate. Likewise, the
length of the upright bar must be selected so
as to connect into the U-bolt.

Weld the upright har (Item 2AA) to the head
of the bolt (Item 3AA). The threaded end of
the bolt should be ground down or flattened
on one side, as shown in Fig. 2-9, to
positively interlock with aslot to be drilled
and filed in the handle (Item 4AA). The
handle can be formed or bent into any
desired or convenient shape.

A hole should be drilled in the pipe cap (Item
7AA) so that thereisaclose fit between this
hole and the bolt (Item 3AA). The close fit
will help to ensure airtightness.
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11.

12.

13.

14,

15.

Before assembling the shaker, as shown in
Fig. 2-8, coat the bolt (Item 3AA) with a
small amount of grease. Before inserting the
bolt, fill the pipe (Item IAA) with high
temperature silicone (Item 27A) to ensure
airtightness. Tighten the nuts (Item 6AA) so
that the position of the handie (Item 4AA) is
maintained by friction, yet is capable of
being turned and agitated during cleanout or
stationary operation.

Fabricate the supports (Item 13A) for the
gasifier unit housing drum (Item 3A) out of
rectangular, iron bar stock. The shape and
height of the support flanges must be
determined by the frame of the vehicleto
which the gasifier is to be mounted. The
supports can either be bolted to the hottom
and side with the 114-in. bolts (Item 14A) or
can be brazed directly to the drum; see Fig. 2-

10. Remember to seal all bolt holes for
airtightness.

Completely cover the bottom of the housing
drum (Item 3A) with 1/2 in. of hydraulik
cement (Item 28A). The cement should also
be applied to the inside of the drum for about
5in. up the inside walls near the bottom. All
edges should be rounded for easy ash
removal.

The fuel hopper (Item 15A) isto be made
from a second container with its bottom up as
shown in Fig. 2-11. Remove the bottom,
leaving a 1/4-in. lip around the
circumference.

A garden hose (Item 17A) should be cut to a
length equal to the circumference of the fuel
hopper (Item 15A) and should then be, dlit
along its entire length. It should be placed
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16.

17.

18.

19.

over the edge of the fuel hopper from which
the bottom was removed. Thiswill prevent
injury to the operator when adding wood fuel
to the unit. To insure closefit of the garbage
can lid (Item 16A), a piece of weather
stripping (Item 18A) should be attached
under the lid where it makes contact with the
fuel hopper.

Cut four support bars (Item 19A) to lengths
2.5in. longer than the height of the fuel
hopper (Item 15A). Drill a3/8-in. holein
each end of all four support bars; these holes
should be centered 3/4 in. from the ends.
Bend 2 in. of each end of these support bars
over at aright angle; then, mount them
evenly spaced around the fuel hopper (Item
15A) with 1/4-in. bolts (Item 20A). One of
the bends on each support bar should be as
close to the lower edge of the fuel hopper as
possible.

Cut four metal triangular standoffs (Item
21A) and braze, weld, or rivet them flat
against the edge of the garbage can lid (Item
16A) as shown in Fig. 2-12; they must be
aligned with the four support bars (Item 19A)
attached to the fuel hopper. During operation,
the garbage can lid must have a minimum 3/4-
in. opening for air passage; the standoffs
should provide this clearance, where they are
engaged into the holes in the top edges of the
support bars (Item 19A); see Fig. 2-13..

Two eye hooks (Item 22A) should be
attached to opposite sides of the garbage can
lid (Item 16A). Two screen door springs
(Item 23A) should be attached to the garbage
can handle-s and used under tension to keep
thetop lid (Item 16A) either open or closed.

Cut the oil drum lock ring (Item 24A) to the
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exact circumference of the top plate (Item
2A) so that it will fit snugly around the
gasifier unit housing drum (Item 3A).

20. Cut four 2 by 2 by 1/4-in. tabs (Item 25A);
then, braze these tabs to the lock ring (Item
24A), evenly spaced and in alignment with
the support bars (Item 19A) on the fuel
hopper. Drill a 3/8-in. hole in each tab to
align with the holes in the fuel hopper
support bars (Item 19A). Thelock ring is
shown in Fig. 2-14.

21. The connecting pipe (Item 29A) between the
gasifier unit and the filter unit should be
attached to the gasifier housing drum (Item
3A) at apoint 6 in. below the top of the
drum. lhis pipe must be a minimum of 2-in.
in diameter and should be at least 6 ft long
for cooling purposes. At least one of the ends
of this pipe must be removable for cleaning
and maintenance. On this prototype unit, an
airtight electrical conduit connector was
used; this connection isvisiblein Fig. 2-1.
Many similar plumbing devices are available
and can be used if they are suitable for
operation at 400°F and above. The pipe can
also be welded or brazed directly to the
housing drum.

22. When assembling the gasifier unit, the
upright bar (Item 2AA) on the shaker
assembly must be placed inside the U-bolt
(Item 5A) on the grate.

23. Thelock ring will then clamp the gasifier
unit housing drum (Item 3A) and the top
plate (Item 2A) together. The fuel hopper
support bars (Item 19A) must be attached to
the tabs (Item 25A) on the lock ring with
bolts (Item 26A). High temperature silicone
(Item 27A) should be applied to all edgesto
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make an airtight connection. The lock ring
connections are shown in the lower portion

of Fig. 2-13.

2.2 BUILDING THE PRIMARY

FILTER UNIT

Figures 2-15 and 2-16 show exploded views of the
primary filter unit; the list of materialsisgivenin
Table 2-3 (al figures and tables mentioned in Sect.
2 are presented at the end of Sect. 2). In the
following instructions, all item numbers refer to
either Fig. 2-15 or 2-16 and to Table 2-3.

The prototype primary filter unit was made from a 5-
gal paint can. That size seemsto be sufficient for
gasifierswith fire tubes up to 10 in. in diameter. If a
fire tube diameter of more than 10 in. isrequired,
then a 20-gal garbage can or a 30-gal oil drum
should be used. The Filter unit could be fabricated in
any shape or form as long as airtightness and
unobstructed flow of gas are provided. If a5-gal
container is used, it must be clean and free of any
chemical residue. The top edge must be straight and
without any indentations. If an alternate container
can be found or fabricated, a larger diameter will
permit longer operation between cleanings.

The piping (Item 29A in Figs. 2-2 and 2-15) which
connects the gas generator unit to the primary filter
should be considered to be a necessary part of the
cooling system and should never have an inside
diameter lessthan 2 in. A flexible automotive
exhaust pipe was used on the prototype filter unit
deseribed below; it was shaped into a semicircular
are so that increased length would achieve a greater
cooling effect. The fabrication procedure for the
filter unit follows:

1. A hole equal to the outside diameter of the
drain tube (Item 13B in Fig. 2-15) should be
cut into the side of the filter container (Item
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1B); the bottom edge of this hole should be
about 1/2 in. from the inside bottom of the
container.

. Thedrain tube (Item 13B) should be inserted

into the previoudly cut hole in the filter
container and should be positioned so that its
nonthreaded end is near the center of the
container and is about 1/2 in. off the hottom.
Once this position has been ensured, braze
(do not weld) the drain pipe into the side of
the filter container. Close the threaded,
exterior end of the drain pipe with the pipe
cap (Item 14B).

. Coat the bottom of the filter container (Item

IB) with a 1/2-in. layer of hydraulic cement
(Item 28A), taking care not to plug or
obstruct the end of the drain tube (Item 13B)
with cement (i.e., fill the drain tube with a
paper, styrofoam, or other easily removable,
but rigid material). The cement should also
be applied for about 1.5 in. up theinside
walls of the container near its bottom. Round
the edges dightly; the cement isto provide a
pathway for any liquid condensate to drain
out through the drain tube. The cement must
be allowed to harden before proceeding with
the fabrication steps below. Remove the filler
material from the drain tube when the cement
has hardened.

. A circular bottom plate (Item 2B) should be

cut to adiameter 1/2 in. smaller than the
Inside diameter of the filter container (Item
1B). Thiswill allow for heat expansion and
easy removal for cleaning. This bottom plate
should be drilled with as many 3/4-in. holes
as are practical for the size of the plate. Three
evenly spaced 3/8-in. holes should also be
drilled around the edge of the bottom plate
for the spacer bolts (Item 3B).
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. Fig. 2-16 shows the detail of using three bolts

(Item 3B) as spacers for the hottom plate
(Item 2B). The length of the bolts should be
adjusted to provide a clearance of about 2-in.
between the layer of cement in the bottom of
the container (Item 1B) and the bottom plate
(Item 2B).

. A rectangular divider plate (Item 4B) should

be cut to awidth 1/4 in. less than the inside
diameter of the filter container (Item I1B) and
to aheight 2.5 in. less than the inside height
of the container. This divider plate should
then be welded at aright angle to the
centerline of the bottom plate (Item 2B) as
shown in Fig. 2-17.

. Cut apiece of high-temperature hydraulic

hose (Item 5B) to alength equal to the
circumference of thefilter container. It
should be dlit along its entire length and then
placed over the top edge of thefilter
container (Item 1B) to ensure airtightness.

. A circular lid (Item 6B) should be cut equat

to the outside diameter of the filter container
(Item IB). Three holes should be cut into this
lid for the exhaust pipe (Item 29A) from the
gasifier unit, the blower (Item 7B), and the
filter exhaust pipe (Item 10B) to the engine
manifold. Note the arrangement of these
holes: the pipe (Item 29A) from the gasifier
unit must enter the lid on one side of the
divider plate (Item 4B); the blower (Item 7B)
and the filter exhaust pipe (Item 10B) to the
engine manifold must be located on the other
side of the divider plate. This arrangement
can be seenin Fig. 2-18.

. The connecting pipe (Item 29A) between the

gasifier unit and the filter unit should be
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10.

11.

12.

attached to the lid (Item 5B) of the filter
container. At least one of the ends of the
connecting pipe (Item 29A) must be
removable for eleaning and maintenance. On
this prototype unit, an airtight electrical
conduit connector was used. Many similar
plumbing devices are available and can be
used if they are suitable for operation at
400°F and above. The pipe can also be
welded or brazed directly to the lid.

Attach the blower (Item 7B) to the filter
container lid (Item 6B). On the prototype
gasifier illustrated in this report, a heater
blower from a'V olkswagen automobile was
used. Connections for avertical extension
tube (Item SB) will have to be fabricated as
shown in Fig. 2-19. A closing cap (Item 9B)

Isrequired for the blower exhaust tube. A
plumbing cap of steel or plastic with aclose
fit can be used or fabricated to fit. The
vertical extension and the closing cap are
visblein Fig. 2-1.

The gas outlet (Item 10B) to the carbureting
unit on the engine should be 1.25 in.
minimum diameter. In fabricating this
connection, all abrupt bends should be
avoided to ensure free flow of gas. Using
plumbing elbows is one solution. The gas
outlet (Item 10B) can either be welded or
brazed to the lid (Item 6B) of the filter
container or an airtight, electrical conduit
connector can be used.

L atching devices (Item 11B) should be
welded or brazed to the lid (see Fig. 2-20)
and to the sides (see Fig. 2-21) of thefilter

container. An air tight connection between
the lid and the filter container must be
mai ntained.
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13. Cut two lengths of high-temperature
hydraulic hose (Item 12B) equal to the height
of the divider plate (Item 4B); cut athird
length of hose equal to the width of the
divider plate. Slit cach hose aong its entire
length. Place the first two hoses on each side
of the divider plate, and place the third hose
along the top edge of the divider plate as
shownin Fig. 2-17.

14. Insert the divider plate (Item 4B) into the
filter container (Item 1B), making sure that
the hoses (Item 12B) create an airtight seal
along all sides. By changing the length of the
spacer bolts (Item 3B), adjust the height of
the divider plate so that it is exactly flush
with the top of the filter container. Make sure
that the lid (Item 5B) will seat flatly and
tightly against the top edge of the divider
plate.

15. Fill thefilter container (Item 1B) on-both
sides of the divider plate with wood chips,
the same kind as would be used for fuel in
the gasifier unit. After carefully packing and
leveling these wood chips, place the lid (Item
6B) on the filter container, and close the
latches tightly.

2.3. BUILDING THE
CARBURETING UNIT WITH THE

AIR AND THROTTLE CONTROLS

Figures 2-22 and 2-23 show exploded views of the
carbureting unit; the list of materialsis given in
Table 2-4 (al figures and tables mentioned in Sect.
2 are presented at the end of Sect. 2). In the
following instruction's, al item numbers refer both
to Figs. 2-22 and 2-23 and to Table 2-4. The
following isasimple and easy way to assemble a
carburetor to achieve both air mixture and throttle
control. It can be mounted to either updraft or
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downdraft manifolds by ssimply turning the unit
over. Most of the fabrication procedure below is
devoted to the assembly of two buttertly valves: one
for the throttle valve and one for the air mixture
valve. The remainder of the carburetor unit can be
assembled from ordinary, threaded plumbing parts.

The inside diameter of the piping used in the
carburetor unit must be related to the size of the
engine and should never be smaller than the intake
opening on the engine manifold. If in doubt on the
inside diameter for the pipe and/or hose sizes,
always go with alarger diameter. Thiswill reduce
friction losses and will give longer operating hours
between cleanings.

When the wood gas |eaves the filter unit it should
normally be below 180°F. About 2 ft from the filter
container, an automotive water hose can be
connected to the pipe on the carbureting unit. This
rubber hose will keep engine vibration from creating
ar leaksin the filter unit or in the connecting piping.
The hose must be afairly new item; such hoses have
a steel spring inside to keep them from collapsing
when negative pressure is applied. The spring will
soon rust if it has first been subjected to water and
then to the hot wood gas enriched with hydrogen.
The fabrication procedure for the assembly of two
butterfly valves follows:

1. The manifold adapter (Item 1C in Fig. 2-22)
must be fitted with bolts and/or holes for
mounting onto the engine's existing intake
manifold. Because gasoline engines are
produced with so many different types of
intake manifolds, ingenuity and common
sense must be used to modify the manifold
adapter (Item 1C) for each different engineto
be operated on wood gas. A gasket (Item 7C)
should be cut to match the shape of the
engine intake fitting.
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. The butterfly valve (Item 3C) isshown in

Figs. 2-24 and 2-25; two such valves are
required. A 3/8-in. hole should be drilled
through the diameter of each valve body
(Item 1CC) at the midpoint of its length.

. Thevalve plate (Item 2CC) must be oval in

shape with the dimensions given in Table 2-
4. An oval valve plate must be used so that,
in the closed position, the valve will be about

100 off center. Thiswill ensure that the valve
will come to a complete stop in the closed
position.

. The edges of the valve plate (Item 2CC),

around the longer diameter of the oval,
should be beveled to provide a positive,
airtight closure. Two evenly spaced, 1/4-in.
holes should be drilled along the shorter
diameter of the oval plate.

. The valve support rod (Item 3CC) should be

filed or ground flat on one side as shown in
Fig. 2-24; the flat area must begin 1/4 in.
from one end and must continue for a
distance equal to the inside diameter of the
valve body (Item 1CC).

. Two 3/16-in. holes should be drilled into the

flat area of the valve support rod (Item 3CC);
these holes must align with the holesin the
valve plate (Item 2CC). They must also be
tapped (with threads) to accept the valve
plate screws (Item 4CC).

. The butterfly valve (Item 3C) should be

assembled by first placing the valve support
rod (Item 3CC) through the hole in the valve
body (Item 1CC). The valve plate (Item

2CC) should be dropped into one end of the
valve body and then inserted into the flat area
of the valve support rod. The two screws

http://www.gengas.nu/byggbes/13.shtml (15 of 17) [9/12/2004 4:35:23 PM]



The Gengas Page

10.

11.

12.

(Item 4CC) should be used to attach the

valve plate to the support rod. Check to see
that the assembled valve plate rotates freely
and seats completely in the closed position.

A nut (Item 6CC) should be welded flat
against one side of the throttle arm (Item
5CC) near itsend. A 1/8-in. hole should be
drilled into the side of the nut and must be
threaded to accept the set screw (Item 7CC).
At least one hole should be drilled into the
throttle arm for attachment of the engine
throttle control or air control linkages.

Place the nut (Item 6CC) on the throttle arm
over the end of the valve support rod (Item
3CC) and use the set screw (Item 7CC) to
secure the assembly. The throttle arm can be
placed in any convenient orientation.
Assembled butterfly valves are shownin Fig.

2-26.

The remaining parts of the carburetor
assembly should be screwed together as
shown in Fig. 2-27. Pipe thread compound
should be used to make airtight connections.
The assembled carburetor unit should be
attached to the engine's intake manifold as
shownin Fig. 2-28

This prototype gasifier was designed to
operate if gasoline were unavailable; but, if
dual operation on wood and gasolineis
desired, the elbow (Item 2C) could be
replaced with atee, allowing a gasoline
carburetor to aso be mounted.

The arm on the butterfly valve (Item 3C)
which is closest to the elbow (Item 2C) isto
be connected to the foot- (or, on tractors,
hand-) operated accelerator. The other
butterfly valveisto be used as the air mixture
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13.

14,

control valve and can be operated with a
manual choke cable. If the engine has an
automatic choking device, then a hand
operated choke cable should be installed.
Both butterfly valves and their connecting
control linkages must operate smoothly with
the ability to adjust the valve yet keep it
stationary in the selected position during
operation. The linkages must close the valves
airtight when the engine is off.

Theair inlet (Item 6C) should be connected
by an extension hose or pipe, either iron or
plastic, to the existing engine's air filter in
order to prevent road dust or agricultural
residue from entering the engine.

Thewood gasinlet (Item 5C) isto be
conneeted to the outlet piping (Item 10B as
shown in Fig. 2-15) from the wood gas filter
unit. Part of this connection should be a high-
temperature rubber or neoprene hose to
absorb engine vibration.

[The Stratified, Downdraft Gasifier] [Fig 2-1]
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Fig. 5-1. Schematic view of the stratified, downdraft gasificr.
[Stratified Downdaft Gasifier] [Fig S-2]
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Fig. 5-2. The prototype wood gas generator unit mounted onto a tractor.
[Fig S-1] [Fig S-3]
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Fig. 5-3. Wood gas gencrator unit in operation during Geld testing.
[Fig S.2] [Conversion of Factors for S| Units]
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Fig. 5-1. Schematic view of the stratified, downdraflt gasificr.
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Fig. S-2. The prototype wood gas generator unit mounted onto a tractor.
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Fig. 1-1. Wood gas generalor unit in operation during ficld 1csting,
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Fig. 1-2. Schematic view of the World War II, Imbert gasifier.
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Fig. Z-1. The prototype wood pas pencrator unit mownted onto a tractor.
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Fig. 2-3. The fire tube and circular top plate of the gasifier unit.
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ig. 2-1. Drilling holes into the stainkeas stcel mixing bowl 1o be
wed [or the grate. Mote the U-bolt in the Toreground.
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Fig. 2-5. Chains attached to the lip of the stainless sice]l mixing bowl
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Fig. 2-6. Connect the mixing bowl to the top plate with chains. Note that the diesel
ignitor "glow plugs" shown in this photograph were included for experimentation only; they
were abandoned in the final prototype design.
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Fig. 2-7. Braze, do not weld, the plumbing Bitings to the thin walled drums.
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Fig. 2-8. Exploded, schematic diagram of the grate shaking mechanism.
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n of the balt (at
extreme left) which positively locks into the handle (third from right). Al the extreme right
is 0 “paker bar® which engages into the hole in the top of the handle to opcrate the shaker
mechanism; the shaker handle will get very hot during normal gasifier operation.
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Fig. 2-10. The support frame can be brazed or bolted 1o the side of the gasifier unit
All holis should be sealed air tight.
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Fig. 2-11. Containers used in constructing the prototype gasifier unit. At right, a 20-
gal garbage can (the [ucl hopper) is shown on top of a 30-gal metal drum (the gasilier nit
housing). The S-gal paint can, at left, is used as the flter container.
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Fig. 2-12 Cover for the fuel hopper. Note the foam weatherstripping (#3) attached
to the underside of the lid where &t contacts the fuel hopper. Attach four standofls (#2) 10
the lid (#1) ax shown.
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Fig. 2-13. Operating configuration of the fuel hopper and its cover.
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Fig. 2-14. Lock ring and welded tabs. Also pictured inside the lock ring (#1): the ash
cleanout cover cap (#2), and the ignition cover cap (#3),
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Fig. 2-15. Exploded, schematic diagram of the filter unit.
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Fig. 2-16. Detail of the standoffs for the bottom plate of the filter enit
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_ Fig. 2-17. Divider plate (#1) and bottom plate (#3), with standoffs (#4), for the flter
unit. Note the high-temperature hose lining the sides of the divider plate.
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Fig. 2-18. Circular lid (#1) for the Giter unit. Nole the armangement of the holes;
divider plate would roughly run from 10 o'clock position to 4 o'clock position (assuming 12
o'clock is taken to be ot the rear of the photograph). Alse shown are the conduit connecions
(#2 and #3) and sccompanying muts (#4 and #3) (o inside the lid,
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Fig: 2-19. Blower (#1) with exhaust extension assembly. Note adapter coupling (#2),
pipe nipple (#3), and elbow (#4) for vertical exhaust pipe.
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Fig. 2-20. Assembled and installed blower (#1), extension assembly (#4), and conduit
connectors for gas inlet (#2) and outlet (#3) on lid of flter unit. Note hook attachments
at edge of lid for lalches.
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Fig. 2-22 Exploded, schematic diagram of the carburcting unit and control valves.
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Fig. 2-23. Schematic diagram of a butterfly control valve.
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Fig. 2-23. Schematic diagram of a butterfly control valve.

file:///C:/ICDROMs/SCDR-2/Prophecykeepers/POST-NUC...ry/3_alternate_energy/woodgas/figurefile/2-23.jpg (2 of 2) [9/12/2004 4:36:26 PM]



file:///C:/CDROMs/SCDR-2/ProphecykeepersPOST-NUCLEAR-WAR/b_recovery/3_alternate_energy/woodgas/figurefile/2-24.jpg

ORNL-Photo 4484-8/

Fig. 2-24. Parts required for the bullerfly valve.
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Fig. 2-25. Bulterfly valve assembly, Note that the valve has been assembled outside of
the valve body lor clarity.

file:///C:/ICDROMs/SCDR-2/Prophecykeepers/POST-NUCLE...very/3_alternate_energy/woodgas/figurefile/2-25.jpg [9/12/2004 4:36:27 PM]



file:///C:/CDROMs/SCDR-2/ProphecykeepersPOST-NUCLEAR-WAR/b_recovery/3_alternate_energy/woodgas/figurefile/2-26.jpg

47

ORNL-Photo 4487-87

Fig. 2-26. Assembled butterfly valves.
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Fig. 2-27. Assembled carburction unit. Note the gasket on the closet flange.

file:///C:/ICDROMs/SCDR-2/Prophecykeepers/POST-NUCLE...very/3_alternate_energy/woodgas/figurefile/2-27.jpg [9/12/2004 4:36:27 PM]



file:///C:/CDROM</SCDR-2/Prophecykeepers/POST-NUCL EAR-WAR/b_recovery/3_alternate_energy/woodgas/figurefile/2-28.jpg

ORNL-Photo 5317-Bb

il

Fig. 2-28. Carhurction unit atlached to engine's cxisting intake manifold. Wood gas
enters from the side of the tee: air enters rom the right-hand end. The butter(ly valve at
the right (partially ohscured) is connected to the air control (choke) cable; the leflt valve is
conneeled to the throttle linkage.
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Fig. 3-1. Virtually all varicties of wood chips can be used for fuel. (Minimum size
for this 6-in. firetube unit: 3/4 by 3/4 by 14 in; maximum size: 2-in. cubes.)
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Fig. 3-Z Ignite a single picce of newspaper to start the gasificr unit. Push the
flaming newspaper through the ignition port and directly into the grate. (At the right of the
photo, note the batiery which is operating the blower atop the filter unit.)
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Fig. 3-3. Igniting the exhaust pas will demonstrate that the sasifier unit is workine
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Fig. 3-3. Igniting the exhaust gas will demonstrate that the gasifier unit is working
properly.
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Fig. 3-4. Refill the fuel hopper before it becomes two-thirds empty.
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Fig. 3-5. The lid must be used to cover the fuel hopper in wet weather
or when shutting the unit down.
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Table 2-1

Table 2-1. List of materials for the gasifier unit and
the wood fuel hopper

|tem Quantity Description

1A 1

2A 1

3A 1

4A 1

S5A
6A
7A
8A
9A 1
10A 2
11A 2
12A
1AA 1
2AA 1
3AA 1
4AA 1
S5AA 1
6AA 2
7AA 1
13A 1
14A 25

I

15A 1

16A 1
17A 1

18A 1

Metal pipe, tube, or other, open-ended metal cylinder; diameter and length from Table 2-
2; minimum wall thickness of 1/4 in.

Circular metal plate with thickness of 1/8 in.; diameter equal to outside diameter of Item
1A.

30-gal metal oil drum or metal container with approximate dimensions of 18 in.
(diameter) by 29 in. (height); container must have a bottom.

10-quart stainless steel mixing bowl, container, or other stainless steel bowl with
approximately 14-in. diameter and 6-in. depth.

2-in. metal U-bolt.

3/16-in. metal chain with 1-in. links; 7 ft total length.
1/4-in. eyebolts, 3in. length with two nuts for each eyebolt.
4-in. metal pipe nipple.

Metal pipe, cap for Item 8A.

3-in. metal pipe nipple.

Metal pipe cap for Item 10A.

Shaker assembly; see Fig. 2-8.

Metal 1/2-in. pipe; 6 in. length.

Iron bar stock; square or round, /2 in.; 6 in. length.
1/2-in. bolt; 8 in. long.

Iron bar stock; rectangular, 1/4 by 1in.; 10 in. length.
1/2-in. flat washer.

1/2-in. nuts.

Metal pipe cap or bushing for Item 1AA.

Iron bar stock; rectangular, 1/4 by 2 in.; 10 ft length.
1/4-in. bolts; 314 in. length; with nuts.

20-gal metal garbage can or metal container with approximate dimensions of 18 in. (top
diameter) by 24 in. (height); bottom is not required.

Lid for 20-gal garbage can.
Garden hose; 1/2 to 5/8 in. diameter; length equal to circumference of Item 15A.

Foam weather stripping with adhesive backing; 1/4 by | in.; length equal to
circumference of Item 15A.
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19A
20A
21A
22A
23A
24A
25A
26A
27A

28A

29A
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Iron bar stock; rectangular, 1/4 by 2 in.; 10 ft length.

1/4-in. bolts; 3/4 in. length; with nuts.

Metal triangles; 2 by 2.5in., 1/8 to /4 in. thick.

Metal eye hook.

Screen door spring, 14 in. length.

Lock ring for 30-gal (or larger) oil drum.

Metal squares; 2 by 2 in., /4 in. thick.

3/8-in. bolts; 3in. length.

Tube. of high temperature silicone or liquid high temperature gasket material.

60-1b. sack of hydraulic or other waterproof cement [such as SEC-PLUG (tm), whichis
maunfactured by the Atlas Chemieal Company, Miami, FL].

2-in. pipe, electrical conduit, flexible automobile exhaust pipe, or other metal tubing; 6-
ft minimum length. Pipe must be able to withstand temperatures of 400°F.
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Table 2-2

Table 2-2. Fire tube dimensions

Inside diameter Minimum length Engine power Typical engine displacement
(inches) (inches) (hp) (cubic inches)
2- 16 5 10

4- 16 15 30

6 16 30 60

7 18 40 80

8 20 50 100

9 22 65 130

10 24 80 160

11 26 100 200

12 28 120 240

13 30 140 280

14 32 160 320

*A fire tube with an inside diameter of less than. 6 in. would create bridging problems with wood chips and blocks. If the
engineisrated at or below 15 borsepower, use a 6-in. minimum fire tube diameter and create a throat restriktion in the
bottom of the tube corresponding to the diameter entered in the above table.

NOTES: For engines with displacement rated in liters, the conversion factor is 1 liter = 61.02 cubic
inches.

The horsepower listed above is the SAE net brake horsepower as measured at the rear of the transmission
with standard accessories operating. Since the figures vary when a given engineisinstalled and used for
different purposes, such figures are representative rather than exact. The above horsepower ratings are
given at the engine's highest operating speed.

file:///C:/ICDROMSs/SCDR-2/Prophecykeepers/POST-NUCLE...covery/3_alternate_energy/woodgas/tablefile/2-2.htm [9/12/2004 4:36:39 PM]



Table 2-3

Table 2-3. List of materials for the primary filter unit

|tem Quantity Description

5-gal metal can or other metal container with minimum dimensions of 11.5-in. diameter
and 13 in. tall.

Circular metal plate; diameter equal to 1/2 in. sméller than inside diameter of Item IB;
thickness of /8 in.

3B 3 3/8-in. bolts; 3 in. length with two nuts for each bolt.
Rectangular metal plate; width equal to 1/4 in. smaller than inside diameter of Item 1B;

1B 1

2B 1

46 1 height equal to 2.5 in. smaller than internal height of Item 1B: 1/8 in. thick.

58 1 High-temperature hose, 3/8 to 5/8 in. diameter; length equal to circumference of Item
1B.

6B 1 Circular metal plate; diameter equal to outside diameter of Item 1B; thickness of 1/8in.

mB 1 12-volt blower (automotive heater type); case and fan must be all metal.

88 1 Metal extension pipe for blower outlet, including elbows and connections for vertical

orientation; 1 ft. minimum length.
9B 1 Cap for Item 8B; plastic is acceptable.

1.25-in. metal pipe, electrical conduit, automotive exhaust pipe, or other metal tubing; 2
ft minimum length.

Metal latch for securely connecting Items 1B and 6B together. Such devices as suitcase
11B 3 or luggage catches, bail-type latches, window sash catches (with strike), or wing-nut
latches are acceptable.

High-temperature hose, 3/8 to 5/8 in. diameter; length equal to three times the height of

10B 1

12B 1

Item 4B.
13B 1 Metal 1/2-in. pipe, threaded on one end; 8 in. length.
14B 1 Metal pipe cap for Item 13B.
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Table 2-4.
List of materials for the carbureting unit

|tem Quantity Description

1C 1 1.25-in. closet flange.

2C 1 1.25-in. male-to-female 45" pipe ebow.

3C Butterfly valve; see Fig. 2-23.

1CC 2 1.25-in. pipe nipple or threaded length of pipe, 3-in. length.

Ova metal plate; /16 in. thick; short dimension equal to inside diameter of Item 1CC;

S0 long dimension equal to 1.02 tirnes the short dimension.
3CC 2 3/8-in. diameter rod; 2.5 in. length.

4CC 4 3/16-in. screws; 3/16 in. length.

3CC 2 Flat bar stock; rektanglar 1/2 by 3in.; 1/8 in. thick.

6CC 1 7/16-in. nut.

7CC 1 1/8-in. set screw.

4C 1 1.25-in. tee with all female threads.

5C 1 1.25-in. pipe nipple or threaded length of pipe, 3in. length.
6C 1 1.25-in. pipe or hose.

7C 1 Gasket material; sized to cover Item 1C.

8C 1 Tube of pipe compound or Teflon tape for sealing threaded assemblies.
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Table 3-1.

Trouble-shooting your wood gas

generator

Trouble

Start up takes too long

Engine will not start.

Engine starts, but soon dies

Engine loses power under
load.

Cause

Dirty system or clogged pipes.
Blower is too weak

Wet or poor quality charcoal

Wood fuel bridgesin the fire tube.
Insufficient gas

Wet wood fuel.

Incorrect fuel-air mixture.

Not enough gas has been produced.

Air channels through fire tube.

Restricted gas flow in piping.

Leaksin system.

Remedy

Clean the gasifier unit and all the
connecting piping.

Check the blower and thest the
battery's charge.

Check charcoal and replace or refill to
proper level.

Lightly tamp down the wood fuel in
the hopper and fire tube or replace the
fuel with smaller-sized chips.

Use the blower longer during start up.

Vent steam and smoke through the
fire tube and fuel hopper for severa
minutes.

Regulate the carburetor's air control
for proper mixing

Use low RPM while starting engine
and do not rev engine for several
minutes.

Tamp down wood fuel lightly in
hopper. Do not crush charcoal above
the grate.

Reduce air mixture valve setting.
Check for partial blockage of unit or
piping.

Check all coversand pipesfor air
tightness
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Table 3-2.
Effect of breathing carbon monoxide

Carbon monoxide content of inhaled Physiological effects

air (%)

0.020 Possible mild frontal headache after two to three hours

0.040 Frontal headache and nausea after one to two hours; occipital
(rear of head) headache after 2.5 to 3.5 hours.

0.080 Heac_iache, dizzi ness, and nausea in 45 min; collapse and
possi ble unconsciousness in who hours.

0.160 Hea(_jache, dizzi ness, and r_1auseainn 45 min; collapse and
possible unconsciousness in two hours.

0.320 Headache and di_zzi ness in 5 to 10 min; unconsciousness and
danger of death in 30 min.

0.640 Headache and di_zzi nessin 1 tp 2 min; unconsciousness and
danger of death in 10 to 15 min.

1,980 Immediate physiological effect; unconsciousness and danger of

deathin 1to 3 min.

file:///IC:/ICDROMs/SCDR-2/Prophecykeepers/POST-NUCLE...covery/3_alternate_energy/woodgas/tablefile/3-2.htm [9/12/2004 4:36:40 PM]



The Gengas Page

e Gengassidan s

Webbed by Markus Almroth

u Oj Table 2-2. Fire tube
pia ratt dimensions
Contents
Summary Inside Minimum Engine Typical engine
Unit Conversion diameter length power displacement
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Tables 2- 16 5 10
Books from BEF 4- 16 15 30
Tillbaka (back) 6 16 30 60
I 7 18 40 80
- 8 20 50 100
9 22 65 130
10 24 80 160
11 26 100 200
12 28 120 240
1 C 13 30 140 280
- - 14 32 160 320

*A fire tube with an inside diameter of less than. 6 in. would
create bridging problems with wood chips and blocks. If the
engineisrated at or below 15 borsepower, use a 6-in.
minimum fire tube diameter and create a throat restriktion in
the bottom of the tube corresponding to the diameter entered
in the above table.

NOTES: For engines with displacement rated in
liters, the conversion factar is 1 liter = 61.02 cubic
inches.

The horsepower listed above is the SAE net brake
horsepower as measured at the rear of the
transmission with standard accessories operating.
Since the figures vary when agiven engineis
installed and used for different purposes, such
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Fig. 2-21. Filter container (#1) showing latches (#2) for lid and hose (#3) around top.
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Table 2-3. List of
materials for the
carbureting unit

[tem Quantity Description

1C 1
2C 1

3C
1CC 2

2CC 2

3CC 2
4CC 4
3CC 2

6CC 1
/CC 1
4C 1
5C 1

6C 1
/C 1

8C 1

1.25-in. closet flange.

1.25-in. male-to-female 45" pipe
elbow.

Butterfly valve; see Fig. 2-23.
1.25-in. pipe nipple or threaded
length of pipe, 3-in. length.

Oval metal plate; /16 in. thick;
short dimension equal to inside
diameter of Item 1CC; long
dimension equal to 1.02 tirnes the
short dimension.

3/8-in. diameter rod; 2.5 in. length.
3/16-in. screws; 3/16 in. length.

Flat bar stock; rektanglar 1/2 by 3
in.; 1/8in. thick.

7/16-in. nut.
1/8-In. set screw.
1.25-in. tee with all female threads.

1.25-in. pipe nipple or threaded
length of pipe, 3in. length.
1.25-in. pipe or hose.

Gasket material; sized to cover
I[tem 1C.

Tube of pipe compound or Teflon
tape for sealing threaded
assemblies.
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Fig. 2-8. Exploded, schematic diagram of the grate shaking mechanism.
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Fig. 2-8. kxploded, schematic diagram of the grate shaking mechanism.
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Executive summary

Thisreport isonein a series of emergency
technology assessments sponsored by the Federal
Emergency Management Agency (FEMA). The
purpose of thisreport isto develeop detailed,
illustrated instrucions for the fabrication,
installation, and operation of a biomass gasifier unit
(i.e. a"producer gas' generator, also called a"wood
gas' generator) which is capable of providing
emergency fuel for vehicles, such as tractors and
trucks, should normal petroleum sources be severely
disrupted for an extended period of time. These
instructions have been prepared as a manual for use
by any mechanic who is reasonably proficient in
metal fabrication or engine repair.

Fuel gas, produced by the reduction of coal and
peat, was used for heating as early as 1840 in
Europe and by 1884 had been adapted to fuel
enginesin England. Prior to 1940, gas generator
units were afamiliar, but not extensively utilized,
technology. However, petroleum shortages during
World War |1 led to widespread gas generator
applications in the transportation industries of
Western Europe. (Charcoal burning taxis, arelated
application, were still common in Korea as late as
1970.) The United States, never faced with such
prolonged or severe oil shortages, has lagged far
behind Europe and the Orient in familiarity with and
application of thistechnology. However, a
catastrophic event could disrupt the supply of
petroleum in this country so severely that this
technology might be critical in meeting the energy
needs of some essential economic activities, such as
the production and distribution of food.
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In occupied Denmark during World War 11, 95% of
all mobile farm machinery, tractors, trucks,
stationary engines, and fishing and ferry boats were
powered by wood gas generator units. Evenin
neutral Sweden, 40% of all motor traffic operated on
gas derived from wood or charcoal. All over Europe,
Asia, and Australia, millions of gas generators were
in operation between 1940f and 1946. Because of
the wood gasifier's health risks from toxic fumes,
most of such units were abandoned when il again
became available in 1945. Except for the technology
of producing alternate fuels, such as methane or
alcohol, the only solution for operating existing
internal combustion engines, when oil and
petroleum products are not available, has been
theese simple, inexpensive gasifiers units.

This report attempts to preserve the knowledge
about wood gasification that was put into practical
use during World War II. In this report, detailed step-
by-step procedures are presented for constructing a
simplified version of the WWII wood gas generator;
thissimple, stratified, downdraft gasifier unit
(shown schematically in Fig. S-1) can be
constructed from materials which would be widely
available in the United States in a prolonged
petroleum crisis. For example, the body of the unit
consists of a galvanized metal garbage can atop a
small metal drum; common plumbing fittings are
used throughout; and alarge, stainless steel mixing
bowl isused for the grate. A prototype gasifier unit
was fabricated from these instructions (see Fig. S-2);
this unit was then mounted onto the front of afarm
tractor and successfully field tested, using wood
chips as the only fuel (see Fig. S-3). Photographic
documentation of the actual assembly of the unit, as
well asits operational field test, isincluded in the
body of this report.

The use wood gas generators need not be limited to
transportation applications. Stationary engines can
also be fueled by wood gasifiers to run electric
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generators, pumps, and industrial equipment. In fact,
the use of wood gas as afuel is not even restricted to
gasoline engines; if asmall amount of diesel fuel is
used for ignition, a properly adjusted diesel engine
can be operated primarily on wood gas introduced
through the intake manifold.

S.1 Principles of solid
fuel gasification

All internal combustion engines actually run on
vapor, not liquid. The liquid fuels used by gasoline
engines are vaporized before they enter the
combustion chamber above the pistons. In diesel
engines, the fuel is sprayed into the combustion
chamber as fine droplets which burn as they
vaporize. The purpose of a gasifier, then, isto
transform solid fuels into gaseous ones and to keep
the gas free of harmful constituents. A gas generator
unit is simultaneously an energy converter and a
filter. In these twin tasks lie its advantages and its
difficulties.

In asense, gasification is aform of incomplete
combustion-heat from the burning solid fuel creates
gases which are unable to burn cornpletely because
of the insufficient amounts of oxygen from the
avallable supply of air. Thee same chemical laws
which govern combustion processes also apply to
gasification. There are many solid biomass fuels
suitable for gasification - from wood and paper to
peat, lignite, and coal, including coke derived from
coal. All of these solid fuels are composed primarily
of carbon with varying amounts of hydrogen,
oxygen, and impurities, such as sulphur, ash, and
moisture. Thus, the aim of gasification is the almost
complete transformation of these constituents into
gaseous form so that only the ashes and inert
materials remain. In creating wood gas for fueling
internal combustion engines, it isimportant that the
gas not only be properly produced, but also
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preserved and not consumed until it isintroduced
into the engine where it may be appropriately
burned.

Gasification is a physiochemical processin which
chemical transformations occur along with the
conversion of energy. The chemical reactions and
thermochemical conversions which occur inside a
wood gas generator are too long and too
complicated to be covered here; however, such
knowledge is not necessary for constructing and
operating awood gasifier. By weight, gas (wood
gas) produced in agasifier unit contains
approximately 20% hydrogen (H,), 20% carbon

monoxide (CO), and small amounts of methane, all
of which are combustible, plus 50 to 60% nitrogen
(N,). The nitrogen is not combustible; however, it

does occupy volume and dilutes the wood gas as it
enters and burnsin an engine. Asthe wood gas
burns, the products of combustion are carbon
dioxide (CO,) and water vapor (H50).

One of the by-products of wood gasification is
carbon monoxide, a poisonous gas. The toxic
hazards associated with breathing this gas should be
avoided during refueling operations or prolonged
idling, particularly in inadequately ventilated areas.
Except for the obvious fire hazard resulting from the
combustion processes inside the unit, carbon
monoxide poisoning is the maor potential hazard
during normal operation of these ssmplicied gasifier
units.

S.2. THE STRATIFIED
DOWNDRAFT GASIFIER

Until the early 1980s, wood gasifiers all over the
world (including the World War 11 designs) operated
on the principle that both the fuel hopper and the
combustion unit be absolutely airtight; the hopper
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was sealed with atop or lid which had to be opened
every time wood was added. Smoke and gas vented
into the atmosphere while wood was being |oaded;
the operator had to be careful not to breathe the
unpleasant smoke and toxic fumes.

Over the last few years, a new gasifier design has
been devel oped through cooperative efforts among
rescarchers at the Solar Energy Research Institute in
Colorado, the University of Californiain Davis, the
Open University in London, the Buck Rogers
Company in Kansas, and the Biomass Energy
Foundation, Ine., in Florida. This simplified design
employs a balanced, negative-pressure concept in
which the old type of sealed fuel hopper is no longer
necessary. A closureis only used to preserve the
fuel when the engine is stopped. This new
technology has severa popular names, including
"stratified, downdraft gasification" and "open top
gasification.” Several years of laboratory and field
testing have indicated that such simple, inexpensive
gasifiers can be built from existing hardware and
will perform very well as emergeney units.

A schematic diagram of the stratified, downdraft
gasifier isshown in Fig. S-|. During operation of
this gasifier, air passes uniformly downward through
four zones, hence the name stratified:

1. The uppermost zone contains unreacted fuel
through which air and oxygen enter. This
region serves the same function as the fuel
hopper in the older, World War |1 designs.

2. Inthe second zone, the wood fuel reacts with
oxygen during pyrolysis. Most of the volatile
components of the fuel are burned in this
zone and provide heat for continued
pyrolysis reactions. At the hottom of this
zone, al of the available oxygen from the air
should be completely reacted. The open top
design ensures uniform access of air to the
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pyrolysis region.

. Thethird zone is made up of charcoal from

the second zone. Hot combustion gases from
the pyrolysis region react with the charcoal to
convert the carbon dioxide and water vapor
into carbon monoxide and hydrogen.

. Theinert char and ash, which constitute the

fourth zone, are normally too cool to cause
further reactions; however, because the
fourth zone is available to absorb heat or
oxygen as conditions change, it serves both
as a buffer and as a charcoal storage region.
Below this zone is the grate. The presence of
char and ash serves to protect the grate from
excessive temperatures.

The stratified, downdraft design has a
number of advantages over the World War ||
gasifier designs. The open top permits fuel to
be fed more easily and allows easy access.
The cylindrical shapeis easy to fabricate and
permits continuous flow of fuel. No special
fuel shape or pretreatment is necessary; any
blocky fuel can be used.

The foremost question about the operation of
the stratified, downdraft gasifier concerns
char and ash removal. As the charcoal reacts
with the combustion gases, it eventually
reaches avery low density and breaks up into
adust containing all of the ash aswell asa
percentage of the original carbon. This dust
may be partially carried away by the gas and
might eventually begin to plug the gasifier.
Hence, it must be removed by shaking or
agitation. When the stratified gasifier unit is
used to power vehicies, it is automatically
shaken by the vehicle's motion.

An important issue in the design of the
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stratified, downdraft gasifier is the
prevention of fuel bridging and channeling.
High grade biomass fuels, such as wood
blocks or chips, will flow down through the
gasifter because of gravity and downdraft air
flow. However, other fuels (such as shredded
chips, sawdust, and bark) can form abridge,
which will obstruct continous flow and cause
very high temperatures. Bridging can be
prevented by stirring, shaking, or by agitating
the grate or by having it agitated by the
vehicle's movement. For prolonged idling, a
hand-operatied shaker has been included in
the design in this report.

A prototype unit of the stratified, downdraft
gasifier design (se Figs. S-2 and S-3) has
been fabricated according to the instructions
In this report; however, it has not been
widely tested at thistime. The reader isurged
to use hisingenuity and initiative in the
construction of his own wood gas generator.
Aslong asthe principle of airtightnessin the
combustion regions, in the connecting piping,
and in the filter unitsis followed, the form,
shape, and method of assembly is not
Important.

The wood gasifier design presented in this
report has asits origin the proven technology
used in World War Il during actual shortages
of gasoline and diesel fuel. It should be
acknowledged that there are alternate

technol ogies (such as methane production or
use of alcohol fuels) for keeping interna
combustion engines in operation during a
prolonged petroleum crisis; the wood gasifier
unit described in this report represents only
one solution to the problem.

[Introduction] [Fig S-1]
[Contents
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CONVERSION FACTORS
FOR SI UNITS

English units have been retained in the body of this
report. The report refers to commercially available
materials and sizes which are commonly expressed
in English units. The conversion factors for Sl units
are given below:

To convert from TO Multiply by
cubic feet (ftl) cubic meters  0.0283
(m3)
cubie yards (ydl) cubic meters  0.7646
(m3)
Fahrenheit degrees Kelvin degrees (see Note 1)
(OF) (K)
foot (ft) meter (m) 0.3048
galon (gal) cubic meters 3,785 * 103
(m3)
horsepower (bp) watt (W) 745.7
inch (in.) meter (M) 0.0254
pound (Ib) kilogram (kg)  0.4536
quart (qt.) cubiemeters 9464 * 104
(m3)

Note I: To convert temperatures, use the following
eguation,

K =273+ 0.5556 X (F - 32),
where F is the temperature in Fabrenheit degrees,
and K isthe temperature in Kelvin degrees.

[Fig S-3] [List of Figures]
[Contents]
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1. WHAT IS A WOOD GAS
GENERATOR AND HOW
DOES IT WORK?

Thisreport isonein a series of emergency
technology assessments sponsored by the Federal
Emergency Management Agency (FEMA). The
purpose of thisreport isto develop detailed,
illustrated instructions for the fabrication,
installation, and operation of a biomass gasifier unit
(i.e.,, a"producer gas' generator, also called a‘'wood
gas generator) that is capable of providing
emergeney fuel for vehicles, such as tractors and
trucks, in the event that normal petroleum sources
were severely disrupted for an extended period of
time. These instructions have been prepared as a
manual for use by any mechanic who is reasonably
proficient in metal fabrication or engine repair.

1.1 INTRODUCTION

Fuel gas, produced by the reduction of coal and
peat, was used for heating, as early as 1840 in
Europe, and by 1884 it had been adapted to fuel
enginesin England. Before 1940, gas generator
units were afamiliar, but not extensively utilized,
technology. However, petroleum shortages during
World War |1 led to widespread gas generator
applications in the trasportation industries of
Western Europe. (Charcoal-burning taxis, arelated
application, were still common in Korea as late as
1970.) The United States, never faced with such
prolonged or severe oil shortages, has lagged far
behind Europe and the Orient in familiarity with and
application of thistechnology; however, a
catastrophe could so severely disrupt the supply of
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petroleum in this country that this technology might
be critical in meeting the energy needs of some
essential economic activities, such as the production
and distribution of food.

This report attempts to preserve the knowledge
about wood gasification as put into practical use
during World War 1. Detailed, step-by-step
procedures are presented in this report for
constructing asimplicied version of the World War
[1, Imbert wood gas generator. This simple,
stratified, downdraft gasifier unit can be constructed
from materials that would be widely available in the
United States in a prolonged petroleum crisis. For
example, the body of the unit consists of a
galvanized metal garbage can atop a small metal
drum; common plumbing fittings throughout; and a
large, stainless steel mixing bowl for the grate. A
prototype gasifier unit was fabricated from these
instructions. This unit was then mounted onto the
front of a gasoline-engine farm tractor and
successfully field tested, using wood chips as the
only fuel; see Fig. 1-1 (all figures and tables are
presented at the end of their respective sections).
Photographic documentation of the actual assembly
of the unit, aswell asits operational field test, is
included in this report.

The use of wood gas generators need not be limited
to transportation applications. Stationary engines
can aso be fueled by wood gasifiersto run electric
generators, pumps, and industrial equipment. In fact,
the use of wood gas as afuel is not even restricted to
gasoline engines; if asmall amount of diesel fuel is
used for ignition, a properly adjusted diesel engine
can be operated primarily on wood gas introduced
through the intake manifold. However, thisreport is
concerned with the operation of four-cylinder
gasoline engines rated from 10 to 150 horsepower.
If more information is needed about operating
gasifiers on other fuels (such as coal, charcoal, peat,
sawdust or seaweed), alist of relevant literatureis
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contained in the Bibliography at the end of this
report.

The goal of thisreport isto furnish information for
building a homemade wood gas generator made out
of ordinary, available hardware, in order to get
tractors, trucks, and other vehicles operating without
delay, if asevereliquid fuel emergency should arise.
Section 1 describes gasification principies and wood
gas generators, in general, and gives some historical
background about their operation and effectiveness.
Section 2 contains detailed step-by-step instructions
for constructing your own wood gas generator unit;
illustrations and photographs are inciuded to prevent
confusion. Section 3 contains information on
operating, maintaining, and trouble-shooting your
wood gas generator; also included are some very
important guidelines on safety when using your
gasifier system.

The wood gasifier design presented in this report has
asits origin the proven technology used in World
War |1 during actual shortages of gasoline and diesel
fuel. It should be acknowledged that there are
alternate technol ogies (such as methane production
or use of acohol fuels) for keeping internal
combustion engines in operation during a prolonged
petroleum crisis; the wood gasifier unit described in
this report represents only one solution to the
problem.

1.2 PRINCIPLES OF SOLIID FUEL
GASIFICATION

All internal combustion engines actually run on
vapor, not liquid. The liquid fuels used in gasoline
engines are vaporized before they enter the
combustion chamber above the pistons. In diesel
engines, the fuel is sprayed into the combustion
chamber as fine droplets which burn as they
vaporize. The purpose of a gasifier, then, isto
transform solid fuels into gaseous ones and to keep
the gas free of harmful constituents. A gas generator
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unit is, simultaneously, an energy converter and a
filter. In these twin tasks lie its advantages and its
difficulties.

Thefirst question many people ask about gasifiers
IS, "Where does the combustible gas come from?
Light awooden match; hold it in a horisontal
position; and notice that while the wood becomes
charcoal, it is not actually burning but isreleasing a
gas that beginsto burn brightly a short distance
away from the matchstick. Notice the gap between
the matchstick and the luminous flame; this gap
contains the wood gas which starts burning only
when properly mixed with air (which contains
oxygen). By weight, this gas (wood gas) from the
charring wood contains approximately 20%
hydrogen (H>), 20% carbon monoxide (CO), and

small amounts of methane, all of which are
combustible, plus 50 to 60% nitrogen (N,). The

nitrogen is not combustible; however, it does occupy
volume and dilutes the wood gas as it enters and
burnsin an engine. Asthe wood gas burns, the
products of combustion are carbon dioxide (CO,)

and water vapor (H,0).

The same chemical laws which govern combustion
processes also apply to gasification. The solid,
biomass fuels suitable for gasification cover awide
range, from wood and paper to peat, lignite, and
coal, including coke derived from coal. All of these
solid fuels are composed primarily of carbon with
varying amounts of hydrogen, oxygen, and
impurities, such as sulphur, ash, and moisture. Thus,
the am of gasification isthe almost complete
transformation of these constituents into gaseous
form so that only the ashes and inert materials
remain.

In a sense, gasification is aform of incomplete
combustion; heat from the burning solid fuel creates
gases which are unable to burn completely, dueto
insufficient amounts of oxygen from the available
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supply of air. In the matchstick example above, as
the wood was burned and pyrolyzed into charcoal,
wood gas was created, but the gas was also
consumed by combustion (since there was an
enormous supply of air in the room). In creating
wood gas for fueling internal combustion engines, it
Isimportant that the gas not only be properly
produced, but also preserved and not consumed until
it isintroduced into the engine where it may be
appropriately burned.

Gasification is a physiochemical processin which
chemical transformations occur along with the
conversion of energy. The chemical reactions and
thermochemical conversions which occur inside a
wood gas generator are too long and too
complicated to be covered here. Such knowledgeis
not nccessary for constructing and operating a wood
gasifier. Books with such information are listed in
the Reference Section (see, for example, Reed 1979,
Vol. Il; or Reed and Das 1988).

1.3 BACKGROUND INFORMATION

The use of wood to provide heat isas old as
mankind; but by burning the wood we only utilize
about one-third of its energy. Two-thirdsislost into
the environment with the smoke. Gasification isa
method of collecting the smoke and its combustible
components. Making a combustible gas from coal
and wood began around 1790 in Europe. Such
manufactured gas was used for street lights and was
piped into houses for heating, lighting, and cooking.
Factories used it for steam boilers, and farmers
operated their machinery on wood gas and coal gas.
After the discovery of large petroleum reservesin
Pennsylvaniain 1859, the entire world changed to
oil - acheaper and more convenient fuel. Thousands
of gasworks all over the world were eventually
dismantled.

Wood gas generators are not technological marvels
that can totally eliminate our current dependence on
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oil, reduce the impacts of an energy crunch, or
produce long-term economic relief from high fossil
fuel prices, but they are a proven emergency
solution when such fuels become unobtainable in
case of war, civil upheaval, or natural disaster. In
fact, many people can recall a widespread use of
wood gas generators during World War |1, when
petroleum products were not available for the
civilian populations in many countries. Naturally,
the people most affected by oil and petroleum
scarcity made the greatest advancementsin wood
gas generator technology.

In occupied Denmark during World War 11, 95% of
all mobile farm machinery, tractors, trucks,
stationary engines, fishing and ferry boats were
powered by wood gas generators. Even in neutral
Sweden, 40% of all motor traffic operated on gas
derived from wood or charcoa (Reed and Jantzen
1979). All over Europe, Asia, and Australia,
millions of gas generators were in operation
between 1940 and 1946. Because of the wood
gasifier's somewhat low efficieney, the
inconvenience of operation, and the potential health
risks from toxic fumes, most of such units were
abandoned when oil again became available in 1945.
Except for the technology of producing alternate
fuels, such as methane or alcohol, the only solution
for operating existing internal combustion engines,
when oil and petroleum products are not available,
has been these simple, inexpensive gasifier units.

1.3.1 The World War Il, Imbert Gasifier

The basis operation of two gasifiersis described in
this and the following section. Their operating
advantages and disadvantages will also be
discussed. Thisinformation isincluded for the
technieally interested reader only; it isintended to
give the reader more insight into the subtleties of the
operating principies of the wood gas generator
described in this manual. Those readers who are
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anxious to begin construction of their own wood gas
generator may skip the material below and procecd
direetly to Sect. 2 without any loss of continuity.

The constricted hearth, downdraft gasifier shown in
Fig. 1-2 is sometimes called the 'Imbert' gasifier
after its inventor, Jacques Imbert; although, it has
been commercially manufactured under various
names. Such units were mass produced during
World War |1 by many European automotive
companies, including General Motors, Ford, and
Mercedes-Benz. These units cost about $1500 (1985
evaluation) each. However, after World War 11
began in 1939, it took six to eight months before
factory-made gasifiers were generally available.
Thousands of Europeans were saved from certain
starvation by home-built, simple gasifier units made
from washing machine tubs, old water heaters, and
metal gas or oxygen cylinders. Surprisingly, the
operation of these units was nearly as efficient as the
factory-made units; however, the homemade units
lasted for only about 20000 miles with many repairs,
while the factory-made units operated, with few
repairs, up to 100,000 miles.

In Fig. 1-2, the upper cylindrical portion of the
gasifier unit is simply a storage bin or hopper for
wood chips or other biomass fuel. During operation,
this chamber isfilled every few hours as needed.
The spring-loaded, airtight cover must be opened to
refill the fuel hopper; it must remain closed and
sealed during gasifier operation. The spring permits
the cover to function as a safety valve because it will
pop open in case of any excessive internal gas
pressure.

About one-third of the way up from the bottom of
the gasifier unit, thereisaset of radially directed air
nozzles; these allow air to be injected into the wood
as it moves downward to be gasified. Inagas
generator for vehicle use, the downstroke of the
engine's pistons creates the suction force which
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moves the air into and through the gasifier unit;
during startup of the gasifier, a blower is used to
ereate the proper airflow. The gasisintroduced into
the engine and consumed a few seconds after it is
made. This gasification method is called "producer
gas generation," because no storage system is used;
only that amount of gas demanded by the engineis
produced. When the, engineis shut off, the
production of gas stops.

During normal operation, the incoming air burns and
pyrolyzes some of the wood, most of the tars and
oils, and some of the charcoa that fills the
constricted area below the nozzles. Most of the fuel
mass is converted to gas within this combustion
zone. The Imbert gasifier is, in many ways, self-
adjusting. If there isinsufficient charcoal at the air
nozzles, more wood is burned and pyrolyzed to
make more chareoal. If too much charcoal forms,
then the charcoal level rises above the nozzles, and
the incoming air burns the charcoal. Thus, the
combustion zone is maintained very closeto the
nozzles.

Below this combustion zone, the resulting hot
combustion gases - carbon dioxide (CO,) and water

vapor (H,0) - passinto the hot charcoal where they

are chemically reduced to comhustible fuel gases:
carbon monoxide (CO) and hydrogen (H,). The

hearth constriction causes all gases to pass through
the reaction zone, thus giving maximum mixing and
minimum heat loss. The highest temperatures are
reached in this region.

Fine char and ash dust can eventually clog the
charcoal bed and will reduce the gas flow unless the
dust isremoved. The chareoal is supported by a
movable grate which can be shaken at intervals. Ash
buildup below the grate can be removed during
cleaning operations. Usually, wood contains less
than 1% ash (by weight). However, as the charcoa
is consumed, it eventually collapsesto form a
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powdery charcoal/ash mixture which may represent
2 to 10% (by weight) of the total fuel mass.

The cooling unit required for the Imbert gasifier
consists of awater filled precipitating tank and an
automotive radiator type gas cooler. The
precipitating tank removes all unacceptable tars and
most of the fine ash from the gas flow, while the
radiator further cools the gas. A second filter unit,
containing afine mesh filtration material, is used to
remove the last traces of any ash or dust that may
have survived passage through the cooling unit.
Once out of the filter unit, the wood gasis mixed
with air in the vehicle's carburetor and is then
introduced directly into the engine's intake manifold.

The World War 11, Imbert gasifier requires wood
with alow moisture content (Iess than 20% by
weight) and a uniform, blocky fuel in order to allow
casy gravity feed through the constricted hearth.
Twigs, sticks, and bark shreds cannot be used. Tth
constriction at the hearth and the protruding air
nozzles present obstructions to the passage of the
fuel and may create bridging and channeling
followed by poor quality gas output, as unpyrolyzed
fuel falsinto the reaction zone. The vehicie units of
the World War Il erahad ample vibration to jar the
carefully sized wood blocks through the gasifier. In
fact, an entire industry emerged for preparing wood
for usein vehicies at that time (Reed and Jantzen
1979). However, the constricted hearth design
seriously limits the range of wood fuel shapes that
can be successfully gasified without expensive
cubing or pelletizing pretreatment. It isthis
limitation that makes the Imbert gasifier less flexible
for emergency use.

In summary, the World War Il Imbert gasifier
design bas stood the test of time and has
successfully been mass produced. It isrelatively
Inexpensive, uses simple construction materials, is
easy to fabricate, and can be operated by motorists
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with aminimum amount of training.
1.3.2 The Stratified, Downdraft Gasifier

Until the early 1980's, wood gasifiers all over the
world (including the World War 11 designs) operated
on the principle that both the fuel hopper and the
combustion unit be airtight; the hopper was sealed
with atop or lid that bad to be opened every time
wood was added. Smoke and gas vented into the
atmosphere while new wood was being |oaded; the
operator bad to be careful not to breathe the
unpleasant smoke and toxic fumes.

Over the last few years, anew gasifier design bas
been devel oped through cooperative efforts among
researchers at the Solar Energy Research Institute in
Colorado, the University of Californiain Davis, the
Open University in London, the Buck Rogers
Company in Kansas, and the Biomass Energy
Foundation, Inc., in Florida (Reed and Das 1988).
This simplified design employs a balanced, negative-
pressure concept in which the old type of sealed fuel
hopper is no longer necessary. A closureis only
used to preserve the fuel when the engine is stopped.
This new technology has several popular names,
including 'stretified, downdraft gasification' and
‘open top gasification.' Two years of laboratory and
field testing have indicated that such ssimple,
inexpensive gasifiers can be built from existing
hardware and will perform very well as emergeney
units.

A schematie diagram of the stratified, downdraft
gasifier isshown in Fig. 1-3. During operation of
this gasifier, air passes uniformly downward through
four zones, hence the name 'stratified:'

1. The uppermost zone contains unreacted fuel
through which air and oxygen enter. This
region serves the same function as the fuel
hopper in the Imbert design.
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2. Inthe second zone, the wood fuel reacts with
oxygen during pyrolysis. Most of the volatile
components of the fuel are burned in this
zone and provide heat for continued
pyrolysis reactions. At the bottom of this
zone, al of the available oxygen from the air
bas completely reacted. The open top design
ensures uniform access of air to the pyrolysis
region.

3. Thethird zone is made up of charcoal from
the second zone. Hot combustion gases from
the pyrolysis region react with the charcoal to
convert the carbon dioxide and water vapor
into carbon monoxide and hydrogen.

4. Theinert char and ash, which constitute the
fourth zone, are normally too cool to cause
further reactions; however, since the fourth
zone is available to absorb heat or oxygen as
conditions change, it serves both as a buffer
and as a charcoal storage region. Below this
zone is the grate. The presence of char and
ash servesto protect the grate from excessive
temperatures.

The stratified, downdraft design has a number of
advantages over the World War 11, Imbert gasifier.
The open top permits fuel to be fed more easily and
allows easy access. The cylindrical shapeiseasy to
fabricate and permits continuous flow of fuel. No
special fuel shape or pretreatment is neccecary; any
blocky fuel can be used.

The foremost question about the operation of the
stratified, downdraft gasifier concerns char and ash
removal. As the charcoal reacts with the combustion
gases, it eventually reaches avery low density and
breaks up into a dust containing all of the ash as
well as a percentage of the original carbon. This dust
may be partially carried away by the gas; however,
it might eventually begin to plug the gasifier, and so
it must be removed by shaking or agitation. Both the
Imbert gasifiers and the stratified concept have a
provision for shaking the grate; when they are used
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to power vehicles, they are automatically shaken by
the vehicle's motion.

An important issue in the design of the stratified,
downdraft gasifier is the prevention of fuel bridging
and channeling. High-grade biomass fuels such as
wood blocks or chips will flow down through the
gasifier under the influence of gravity, and
downdraft air flow. However, other fuels (such as
shredded wood, sawdust, and bark) can form a
bridge that will prevent continuous flow and cause
very high temperatures. Obvioudly, it is desirable to
use these widely available biomass residues.
Bridging can be prevented by stirring, shaking, or by
agitating the grate or by having it agitated by the
vehicle's movement. For prolonged idling, a hand-
operated shaker has been included in the design.

A prototype design of the stratified, downdraft
gasifier design has been developed. The detailed but
simple design is described and illustrated in Sect. 2;
however, it has not been widely tested at thistime.
The reader is urged to use hisingenuity and
initiative in constructing his own wood gas
generator. Aslong asthe principle of airtightnessin
the combustion regions, in the connecting piping,
and in thefilter unitsis followed, the form, shape,
and method of assembly is not important.

[Abstract] [Fig 1-1]
[Contents]
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Fig. 2-1, The prototype wood pas pencrator unit moenled onto a tractor.
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[Fig. 2-1] [Fig. 2-3]
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Contents unit and the wood fuel
Summary h
Unit Conversion Opper
Figures
Tables I[tem Quantity Description
Books from BEF 1A 1 Metal pipe, tube, or
Tillbaka (back) other, open-ended
metal cylinder;
| diameter and length
from Table 2-2;
minimum wall
thickness of 1/4 in.
2A 1 Circular metal plate
with thickness of
1/8 in.; diameter
. 5 - . egual to outside

diameter of Item
1A.

3A i 30-gal metal oil
drum or metal
container with
approximate
dimensions of 18 in.
(diameter) by 29 in.
(height); container
must have a bottom.
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4A 1 10-quart stainless
steel mixing bowl,
container, or other
stainless steel bowl
with approximately
14-in. diameter and

6-in. depth.
5A 1 2-in. metal U-bolt.
6A 1 3/16-in. metal chain
with 1-in. links; 7 ft
total length.
7A 3 1/4-in. eyebolts, 3
in. length with two
nuts for each
eyebolt.
8A 1 4-in. metal pipe
nipple.
A 1 Metal pipe, cap for
Item 8A.
10A 2 3-in. metal pipe
nipple.
11A 2 Metal pipe cap for
Item 10A.
12A Shaker
assembly; see
Fig. 2-8.
1AA 1 Metal 1/2-in. pipe; 6
in. length.
2AA 1 Iron bar stock;
square or round, 1/2
in.; 6 in. length.
3AA 1 1/2-in. bolt; 8
in. long.
4AA 1 Iron bar stock;
rectangular, 1/4 by 1
in.; 10 in. length.
5AA 1 1/2-in. flat washer.
6AA 2 1/2-in. nuts.
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7AA 1

13A 1

14A 25

15A 1

16A 1

17/A 1

18A 1

19A 1

20A 12

21A 4

22A 2
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Metal pipe cap or
bushing for Item
1AA.

Iron bar stock;
rectangular, 1/4 by 2
in.; 10 ft length.

1/4-in. bolts; 314 in.
length; with nuts.

20-gal metal
garbage can or

metal container with
approximate
dimensions of 18 in.
(top diameter) by 24
in. (height); bottom
IS not required.

Lid for 20-gal
garbage can.

Garden hose; 1/2 to
5/8 in. diameter;
length equal to
circumference of
I[tem 15A.

Foam wesather
stripping with
adhesive backing;
1/4 by | in.; length
egual to
circumference of
Item 15A.

Iron bar stock;
rectangular, 1/4 by 2
in.; 10 ft length.
1/4-in. bolts; 3/4 in.
length; with nuts.
Metal triangles; 2
by 2.5in., 1/8to 1/4
in. thick.

Metal eye hook.



The Gengas Page

23A 2 Screen door spring,
14 in. length.

24A 1 Lock ring for 30-gal
(or larger) oil drum.

25A 4 Metal squares; 2 by
2in., /4 in. thick.

26A 4 3/8-in. bolts; 3in.
length.

27A 1 Tube. of high
temperature silicone
or liquid high
temperature gasket
material.

28A 1 60-1b. sack of
hydraulic or other
waterproof cement
[such as SEC-PLUG
(tm), whichis
maunfactured by the
Atlas Chemieal
Company, Miami,
FL].

20A 1 2-in. pipe, electrical
conduit, flexible
automobile exhaust
pipe, or other metal
tubing; 6-ft
minimum length.
Pipe must be able to
withstand
temperatures of
400°F.

[Fig 2-28] [Fire tube dimensions]
[Contents]
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Fig. 2-3. The fire tube and circular top plate of the gasifier unit.
[Fig. 2-2.] [Fig. 2-4.]
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Fig. 2-4. Drilling holes into the stainles sicel mixing bowl 1o be
uwsed for the grate. Note the U-bolt in the fofeground

[Fig. 2-3] [Fig. 2-5]
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Fig. 2-5. Chains attached to the lip of the stainless sieel mixing bowl
[Fig. 2-4] [Fig. 2-6]

[Contents]

markus.m.almroth@telia.se
tel: 060-61 88 85
gsm: 070-310 17 70
fax: 070-612 56 07

http://www.gengas.nu/byggbes/26.shtml [9/12/2004 4:39:08 PM]


http://www.woodgas.com/Books.htm
mailto:markus.m.almroth@telia.se

The Gengas Page

oS Gengassidan R

Webbed by Markus Almroth

tl Eh - ORNL-Photo 4529-87

Hitta ratt
Cover
Contents

Summary
Unit Conversion

Figures

Tables

Books from BEF
Tillbaka (back)

L

Fig. 2-7. Braze, do not weld, the plumbing Ritings to the thin walled drums.
[Fig 2-6] [Fig 2-8]
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Fig, 2-9. Paris for the shaker sssembly. Note the flattened portion of the bolt (at
E'_j extreme lelt) which positively locks into the handle (third from right). Al the extreme right
—1+- 15 o "poker bar™ which engages into the hole in the top of the handle to operate the shaoker

mechanism; the shaker handle will get very hot during normal gasilicr operation.

[Fig 2-8] [Fig 2-10]
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Fig. 2-10, The support frame can be braced or baolted o the side of the gasifier unil.
All bolts should be sealed air tight.
[Fig 2-9] [Fig 2-11]
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Fig. 2-11. Containers used in constructing the prototype gasificr unit. At right, a 20-
gal garbage can (the [uel hopper) is shown on top of a 30-gal metal drum (the gasitier unit
housing). The 5-gal paint can, at left, is used as the flter container

[Fig 2-10] [Fig 2-12]
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Fig. 2-12 Cover for the fuel bopper. Note the foam weathersiripping (#3) attached
to the underside of the lid where it contacts the fuel hopper. Attach four standoffs {#2) 10
the lid (#1) as shown.

[Fig 2-11] [Fig 2-13]
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Fig. 2-13. Opcrating configuration of the fuel hopper and its cover.
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Fig. 2-13. Opcrating configuration of the fuel hopper and its cover.
[Fig 2-12] [Fig 2-14]
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Fig. 2-14. Lock ring and welded tabs. Also pictured inside the lock ring (#1): the ash
cleanout cover cap (#2), and the ignition cover cap (#3).

[Fig 2-13] [Fig 2-15]
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Fig. 2-15. Exploded, schematic diagram of the filter unit.
[Fig 2-14] [Fig 2-16]
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Table 2-3. List of
materials for the primary
filter unit

[tem Quantity Description

1B 1
2B 1
3B 3
4B 1
5B 1
6B 1
/B 1
8B 1

5-gal metal can or other metal
container with minimum
dimensions of 11.5-in. diameter
and 13 in. tall.

Circular metal plate; diameter
egual to 1/2 in. smdller than inside
diameter of Item IB; thickness of
1/8in.

3/8-in. bolts; 3in. length with two
nuts for each bolt.

Rectangular metal plate; width
equal to /4 in. smaller than inside
diameter of Item 1B; height equal
to 2.5in. smaller than internal
height of Item 1B; 1/8 in. thick.

High-temperature hose, 3/8 to 5/8
in. diameter; length equal to
circumference of Item 1B.

Circular metal plate; diameter
egual to outside diameter of Item
1B; thickness of 1/8in.

12-volt blower (automotive heater
type); case and fan must be all
metal.

Metal extension pipe for blower
outlet, including elbows and
connections for vertical orientation;
1 ft. minimum length.
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B 1

10B 1

11B 3

12B 1

13B 1

14B 1

Cap for Item 8B; plasticis
acceptable.

1.25-in. metal pipe, electrical
conduit, automotive exhaust pipe,
or other metal tubing; 2 ft
minimum length.

Metal latch for securely connecting
Items 1B and 6B together. Such
devices as suitcase or luggage
catches, bail-type latches, window
sash catches (with strike), or wing-
nut latches are acceptable.
High-temperature hose, 3/8 to 5/8
in. diameter; length equal to three
times the height of Item 4B.

Metal 1/2-in. pipe, threaded on one
end; 8in. length.

Metal pipe cap for Item 13B.

[Fire tube dimensions] [Materials for carbureting

unit]
[Contents]
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3/4-in. Hole

3/8-in. Hole

Fig. 2-16. Detail of the standoffs for the bottom plate of the flter vnit
[Fig 2-15] [Fig 2-17]
[Contents]
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ORNL-Photo 4519-87

_ Fig. 2-17. Divider plate (#1) and bottom plate (#3), with standoffs (#4), for the flter
unit. Note the high-temperature hose lining the sides of the divider plate.

[Fig 2-16] [Fig 2-19]
[Contents]
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j Fig. 2-18 Circular lid (#1) for the Giter unit. Nole the arrangement of the holes;
E|- divider plate would roughly run from 10 o'clock position to 4 o'clock position (assuming 12
o'clock is taken (o be at the rear of the photograph). Also shown are the conduil conncctors
{(#2 and #3) and accompanying nuts (#4 and #3) for inside the lid.

[Fig 2-17] [Fig 2-19]
[Contents]
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ORNL-Photo 4522-87
L

Fig: 2-19. Blower (#1) with exhaust extension assembly. Note adapter coupling (#2),
pipe nipple (#3), and elbow (#4) for vertical exhaust pipe.

[Fig 2-18] [Fig 2-20]
[Contents]
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ORML-Photo 4512-87

Fig. 2-20. Asscmbled and installed blower (#1), extension assembly (#4), and conduit
connectors for gas inlet (#2) and outlet (#3) on lid of filter unit. Note hook atlachments
al edpe of lid for latches.

[Fig 2-19] [Fig 2-21]

[Contents]
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ORNL-Photo 4517-87

Fig. 2-21. Filter container (#1) showing latches (#2) for lid and hose (#3) around top.
[Fig 2-21] [Fig 2-22]
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Fig. 2-22 Explodcd, schematic diagram of the carbureting unit and eontrol valves.
[Fig 2-21] [Fig 2-23]
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Fig. 2-23. Schematic diagram of a butterfly control valve.
[Fig 2-22] [Fig 2-24]
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Fig. 2-24. Parts required for the butterfly valve.
[Fig 2-23] [Fig 2-25]
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ORNL-Photo 44B5-87

Fig. 2-25. Bulterfly valve nssembly, Note that the valve has been assembled outside of
the valve body lor clarity.

[Fig 2-24] [Fig 2-26]
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ORNHL-Photo 4487-87

Fig. 2-26. Assembled butterfly valves.
[Fig 2-25] [Fig 2-27]
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ORNL-Photo 4490-{

Fig. 2-27. Assembled carburetion unit. Note the gasket on the closet flange.

[Fig 2-26] [Fig 2-28]
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Fig. 2-28. Carhurclion unit attached to engine's cxisting intake manifold, Wood gas
enters from the side of the tee; air enters from the right-hand cnd. The hullcfﬂ;: valve at
the right (partially ohscured) is connected to the air control (choke) cable; the leflt valve is
conneeted (o the throttle linkage.

[Fig 2-27] [List of materials]
[Contents]
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Table 3-1. Trouble-
shooting your wood
gas generator

Trouble Cause

Start up takes Dirty system or

too long clogged pipes.
Blower istoo
weak
Wet or poor
quality charcoal
Wood fuel
bridgesin thefire
tube.

Enginewill Insufficient gas

not start.

http://www.gengas.nu/byggbes/65.shtml (1 of 2) [9/12/2004 4:43:58 PM]

Wet wood fudl.
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Remedy

Clean the gasifier
unit and al the
connecting
piping.

Check the blower
and thest the
battery's charge.

Check charcoal
and replace or
refill to proper
level.

Lightly tamp
down the wood
fuel in the hopper
and fire tube or
replace the fuel
with smaller-sized
chips.

Use the blower
longer during start
up.

Vent steam and
smoke through
the fire tube and
fuel hopper for
several minutes.
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Incorrect fuel-air
mixture.

Engine starts, Not enough gas
but soon dies has been

produced.

Air channels
through fire tube.

Engineloses Restricted gas
power under flow in piping.

load.

Leaksin system.

Regulate the
carburetor's air
control for proper
mixing

Use low RPM
while starting
engine and do not
rev engine for
several minutes.

Tamp down wood
fuel lightly in
hopper. Do not
crush charcoal
above the grate.

Reduce air
mixture valve
setting. Check for
partial blockage
of unit or piping.
Check all covers
and pipesfor air
tightness

[Fig 3-5] [Table 3-2]
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Table 3-2. Effect of
breathing carbon
monoxide

Carbon monoxide Physiological effects

content of inhaled
air (%)
0.020

0.040

0.080

0.160

0.320

0.640

1.280

http://www.gengas.nu/byggbes/66.shtml (1 of 2) [9/12/2004 4:44:00 PM]

Possible mild frontal headache
after two to three hours

Frontal headache and nausea
after one to two hours;
occipital (rear of head)
headache after 2.5 to 3.5 hours.

Headache, dizziness, and
nausea in 45 min; collapse and
possible unconsciousnessin
who hours.

Headache, dizziness, and
nausea inn 45 min; collapse
and possible unconsciousness
in two hours.

Headache and dizzinessin 5 to
10 min; unconsciousness and
danger of death in 30 min.

Headache and dizzinessin 1 to
2 min; unconsciousness and
danger of deathin 10to 15
min.

Immediate physiological
effect; unconsciousness and
danger of death in 1 to 3 min.
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CONSTRUCTION OF A
SIMPLIFIED WOOD GAS
GENERATOR FOR
FUELING INTERNAL
COMIBUSTION ENGINES
IN A PETROLEUM
EMIERGENCY

H. LaFontaine G. P. Zimmerman

ABSTRACT

Thisreport isone in a series of emergency
technology assessments sponsored by the Federal
Emergency Management Agency (FEMA). The
purpose of thisreport isto develop detailed,
illustrated instructions for the fabrication,
installation, and operation of a biomass gasifier unit
(i.e., a'producer gas generator, also called a"wood
gas generator) that is capable of providing
emergeney fuel for vehicies, such as tractors and
trucks, in the event that normal petroleum sources
were severely disrupted for an extended period of
time. These instructions have been prepared as a
manual for use by any mechanie who is reasonably
proficient in metal fabrication or engine repair.

This report attempts to preserve the knowledge
about wood gasification that was put into practical
use during World War 1. Detailed, step-by-step
fabrication procedures are presented for a simplified
version of the World War |1, Imbert wood gas
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generator. Thissimple, stratified, downdraft gasifier
unit can be constructed from materials that would be
widely available in the United Statesin a prolonged
petroleum crisis. For exampie, the body of the unit
consists of a galvanized metal garbage can atop a
small metal drum; common plumbing fittings
throughout; and a large, stainless steel mixing bowl
for the grate. The entire compact unit was mounted
onto the front of afarm tractor and successfully field
tested, using wood chips as the only fuel.
Photographic documentation of the actual assembly
of the unit aswell asits operation is included.

[List of tables] [What is awood gas generator....]
[Contents]
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INTRODUCTION TO
2nd EDITION

This construction manual was prepared by my friend
and colleague, Harry LaFontaine for the Federal
Emergency Management Agency, FEMA, assisted
by F.P. Zimmerman at the Oak Ridge national
Laboratory. The justification for writing this report
was that in the event of awar or natural emegency,
when liquid fuel supplies were interrupted,
individuals could build gasifiers to run engines for
transport and power. The manual was originally
distributed by FEMA. This edittion isthe first
edition by the Biomass Energy Foundation Press.

Harry was uniquely qualified to write this manual
because he built and operated gasifiers during World
War |1 during the daytime as a cover for his Danish
Underground activities at night. Harry was also very
ingenious in working with the people and materials
at hand, so that thisisavery practical manual.
However, in the intervening years he also came to
appreciate the fundamentals of gasification and he
also explains these here.

It has been a pleasure to know and work with Harry.
He was the founder of the Biomass Energy
Foundation in 1983. The BEF isa 501 3C not for
profit organization established to promote the use of
biomass.

It grieves me to say that Harry died (while still in
the midst of many projects) on April 12, 1994.
However, thisreport lives on as avery useful
memorial to his life and experience.
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Thomas B. Reed
The Biomass Energy Foundation Press 1810 Smith
Rd. Golden, CO.

[Executive Summary]
[Contents]
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ORNL-Photo 4493-87

Fig. 2-6. Connect the mixing bowl to the top plate with chains. Note that the diesel
ignitor "glow plugs” shown in this photograph were included for experimentation only; they
were abandoned in the final prototype design.

[Fig 2-5] [Fig 2-7]

[Contents]

markus.m.almroth@telia.se
tel: 060-61 88 85
gsm: 070-310 17 70
fax: 070-612 56 07

http://www.gengas.nu/byggbes/27.shtml [9/12/2004 4:44:21 PM]


http://www.woodgas.com/Books.htm
mailto:markus.m.almroth@telia.se

The Gengas Page

i

Hitta ratt
Cover
Contents
Summary

Unit Conversion

Figures
Tables

Books from BEF

Tillbaka (back)

L

Gengassidan ==

Webbed by Markus Almroth

ORNL-Photo 5332-B6

s~

'j sl

Fig. 3-1. Virtually all varieties of wood chips can be used for fuel. (Minimum size
for this 6-in. firetube unit: 3/4 by 3/ by 1M in.; maximum size: 2-in, cubes.)

[Operating and maintainging] [Fig 3-2]
[Contents]
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Fig. 3-Z Ignite a single picce of newspaper to start the gasifier unit. Push the
flaming newspaper through the ignition port and directly into the grate. (At the right of the
photo, note the battery which is operating the blower atop the filter unit.)

[Fig 3-1] [Fig 3-3]
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ORNL-Photo 5315-86

Fig. 3-3. Igniting the exhaust gas will demonstrate that the gasifier unit is working

[Fig 3-2] [Fig 3-4]
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markus.m.almroth@telia.se
tel: 060-61 88 85
gsm: 070-310 17 70
fax: 070-612 56 07

http://www.gengas.nu/byggbes/62.shtml [9/12/2004 4:44:35 PM]


http://www.woodgas.com/Books.htm
mailto:markus.m.almroth@telia.se

The Gengas Page

g Gengassidan P}

Webbed by Markus Almroth

= mji ORNL-Photo 5324-86
Hitta ratt | _

Cover
Contents
Summary

Unit Conversion

Figures
Tables

Books from BEF

Tillbaka (back)

L

Fig. 3-4. Refill the fuel hopper before it becomes two-thirds empty.

[Fig 3-3] [Fig 3-5]
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Fig. 3-5. The lid must be used to cover the fuel hopper in wet weather

or when shutting the unit down.
[Fig 3-4] [Table 3-1]
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3. OPERATING AND
MAINTAINGING
YOUR WOOD GAS
GENERATOR

3.1 USING WOOD AS A
FUEL

Because,wood was used extensively as generator
fuel during World War 11, and sinceit is plentiful in
most parts of the populated United States, it merits
particular attention for use as an emergeney source
of energy. When used in gas generators, about 20 Ib
of wood have the energy equivalence of one gallon
of gasoline.

Wood consists of carbon, oxygen, hydrogen, and a
small amount of nitrogen. As a gas generator fuel,
wood bas several advantages. The ash content is
quite low, only 0.5 to 2% (by weight), depending on
the species and upon the presence of bark. Wood is
free of sulphur, a contaminant that easily forms
sulfuric acid which can cause corrosion damage to
both the engine and the gas generator. Wood is
easily ignited a definite virtue for the operation of
any gas generator unit.

The main disadvantages for wood as afuel areits
bulkiness and its moisture content. Asitisa
relatively light material, one cubic yard of wood
produces only 500 to 600 |b of gas generator fuel.
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Moisture content is notoriously high in wood fuels,
and it must be brought below 20% (by weight)
before it can be used in a gas generator unit. By
weight, the moisture in green wood runs from 25 to
60%, in air-dried wood from 12 to 15%, and in kiln-
dried wood about 8%. Moisture content can be
measured quite easily by carefully weighing a
specimen of the wood, placing it in an oven at 220°
F for thirty minutes, reweighing the specimen, and
reheating it until its weight decreases to a constant
value. The original moisture content is equivalent to
the weight |ost.

The prototype unit in this manual (with an 6-in.-
diam firetube) operated well on both wood chips
(minimum size: 3/4 by 3/4 by 1/4 in.) and blocks (up
to 2-in. cubes); see Fig. 3-1 (all figures and tables
mentioned in Sect. 3 are presented at the end of

Sect. 3). Larger sizes could be used, if the firetube
diameter isincreased to prevent bridging of the
individual pieces of wood; of course, athroat
restriktion would then have to be added to the
bottom of the firetube so as to satisfy the dimensions
in Table 2-2 in Sect. 2.

3.2 SPECIAL
CONSIDERATIONS AND
ENGINE MODIFICAITONS

To start the fire in the gasifier, the blower must be
used to create a suction airflow through the wood in
the hopper and downward in the firetube. If an
especially high horse power engineisto be fueled
by the gasifier unit, then it might be nccessary to
install two such blowers and run them
simultancously during start-up.

When the wood gas |eaves the gasifier unit, all the
oxygen pulled down with the air through the firetube
has been chemically converted and is contained in
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carbon monoxide (CO) and water (H,0). The wood

gasis unable to burn without being mixed with the
proper amount of additional oxygen. If an air leak
develops below the grate area, the hot gas will burn
while consuming the available oxygen and will
create heat; thiswill amost certainly destroy the
gasifier unit if it is not detected soon. If an air leak
develops in the filter unit or in the connecting
piping, the gas will become saturated with improper
amounts of oxygen and will become too dilute to
power the engine. Therefore airtightness from the
gasifier unit to the engine is absolutely essential.

|dedlly, as the wood gas enters the engine manifold
it should be mixed with air inaratioof 1:1or 1.1:1
(air to gas) by volume. The carburetion system
described in this report will provide this mixture
with aminimum of friction losses in the piping. The
throttle control valve and the air control valve must
be operable from the driver's seat of the vehicle. The
engine's spark plug gaps should be adjusted to
between 0.012 and 0.015 in.; the ignition timing
should be adjusted to 'early.’

3.3 INITIAL START-UP
PROCEDURE

Initially, you will need to add charcoal to the grate
below the firetube. Subsequent operation will
aready have the grate full of charcoal which has
been left over from the previous operating period.

Fill the firetube with charcoal to alevel 4 in. above
the grate. Fill the hopper with air-dried wood; then,
proceed with the routine start-up directions below.

Charcoal produced for outdoor barbecue grillsis not
well suited for gas generator use. To produce a
better grade of charcoal, place arag soaked in
alcohol on the grate, or place 3 to 5 pages of
newspaper on the grate, then fill the fire tube to a
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beight of 10 to 12 in. with well-dried wood. Have all
the valves closed and let the Fire tuhe act as a
chimney until the wood is converted to charcoal.

3.4 ROUTINE START-UP
PROCEDURE

. Agitate the grate shaker handle for at least

twenty seconds to shake down the Charcoal
from the previous operating period.

. Open the ash cleanout port and remove the

ashes from the generator housing drum.

L ubricate the threads of the cleanout port
with high-temperature silicone, and close the
cover of the cleanout port so that it isairtight.

. Fill the hopper with wood fuel, and tamp the

fuel down lightly. Either leave the lid
completely off the fuel hopper, or adjust the
opening around the lid to a 3/4-in. (or larger)
clearance.

. Close the carburetor's air control valve and

remove the cover from the blower exhaust on
top of thefilter unit. Start the blower, and let
it run for thirty seconds to avoid explosion of
residual gasin the system. Then, with the
blower still operating, proceed with the next

step.

. Open theignition port, and ignite a 12- by 12-

in. piece of newspaper; with along stick or
wire, push the burning sheet of newspaper
into the grate; see Fig. 3-2. Close the ignition
port. If no smoke appears at the blower's
exhaust port, repeat the start-up sequence
from Step (5). If repeated attempts fail. new
chareoal should be added to the unit as
decscribed in Sect. 3.3, above, and the start-up
ignition scquence should be repeated.

. After afew minutes of smoky exhaust, test

the gas at the, blower exhaust by safely and
carefully attempting to igniteit, see Fig. 3-3.
When the gas burns consistently well, stop
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the blower and replace the cover on the
blower exhaust.

7. Open the carburetor's air control valve, adjust
the engine's accelerator, and start the engine
in anormal manner. Let the engine warm up
slowly (two to five minutes). If the engine
failsto start or dies repeatedly, restart the
blower and repeat the ignition scquence from

Step (4).

3.5 DRIVING AND
NORMAL OPERATION

Shift gears so as to keep the engine speed (rpm) high
at al times. Remember that it is the vacuum created
by the pistons that provides the force which moves
the gas from the gasifier unit into the engine.

Refill the hopper with wood (as shown in Fig. 3-4)
before it is completely empty, but avoid refilling just
before the end of engine operation. Periodically
shake down the ashes from the grate. If your system
Is equipped with a gas cooler, drain water from the
cooler from time to time.

Under operation in dry weather, the gasifier can be
operated without the lid on the fuel hopper.
However, when the gasifier unit is shut down the
hopper must be covered to prevent air from
continuing to burn the wood in the hopper. Under
wet-weather operation, the cover must be placed on
the fuel hopper, and then lifted up and rotated about
2 in. until the triangular pieces line up with the holes
in the support bars. The tension of the screen door
springs will then hold the lid closed. See Fig. 3-5 for

clarification.

3.6 SHUTTING DOWN
THE GASIFIER UNIT
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When shutting down the gasifier unit, turn off the
ignition switch and open the carburetor's air control
valve for ten seconds to relieve any pressure from
within the system. Then, completely close the air
control valve, and place the cover tightly on the fuel
hopper. When restarting after a short stopover, let
the engine warm up briefly. After longer stops (up to
one hour), tamp down the wood lightly and try to
use the blower for restarting without relighting the
wood fuel. After very long stops (over two hours)
the charcoal must be ignited again.

3.7 ROUTINE
MAINTENANCE

Periodically check all nuts on the gasifier unit, the
fuel hopper, the filter unit, and the carburetor for
snugness; check all penetrations and fittings for
airtightness. In addition, perform the following
mai ntenance activities as schedul ed:

3.7.1 Daily Maintenance

Open the ash cleanout port of the gasifier housing
drum and remove the ashes after shaking the grate
for at least thirty seconds. Replace the cover of the
port after coating the threads with high-temperature
silicone to ensure airtightness. Open the drain tube,
at the bottom of the filter container and allow any
liquid condensate to drain out; remember to close
the drain tube when finished.

3.7.2 Weekly Maintenance (or

every 15 hours of operation)

Clean out the gasifier housing drum, the fuel hopper,
and the filter. Rinse out the piping and connections
to and from the filter. Replace the wood chipsinside
the filter, (The used wood chips from the filter can
be dumped into the fuel hopper and burned to
produce wood gas.) Use high-temperature silicone
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on al pipe connections and on the filter lid to ensure
airtightness.

3.7.3 Biweekly Maintenance (or

every 30 hours of operation)

Make sure that all pipe connections are secure and
airtight. Check and tighten all mounting connections
to the vehicle chassis. Check for rust on the outside
of the gas generator housing drum, especially on the
lower region. Coat with high-temperature protective
paint as necessary.

3.8 OPERATING
PROBLEMS AND
TROUBLE-SHOOTING

A discussion of problems and their related causes
and curesis contained in the trouble-shooting guide
of Table 3-1. Many operational problems can be
traced to failure to maintain the airtightness of all
piping connections and fittings; the piping should be
routinely checked to prevent such problems.

3.9 HAZARDS
ASSOCIATED WITH
GASIFIER OPERATION

Unfortunately, gas generator operation involves
certain problems, such as toxic hazards and fire
hazards. These hazards should not be treated lightly;
their inclusion here, at the end of this report, does
not mean that these hazards are unimportant. The
reader should not underestimate the dangerous
nature of these hazards.

3.9.1 Toxic Hazards
Many deaths in Europe during World War Il were
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attributed to poisoning from wood gas generators.
The danger of 'generator gas poisoning' was one of
the reasons that such gasifiers were readily
abandoned at the end of World War I1. It is

important to emphasi ze that 'generator gas

poisoning' is carbon monoxide (CO) poisoning.
Acute 'generator gas poisoning' isidentical with the
symptoms that may develop if a heating stove
damper is closed too early, or if agasoline vehicleis
allowed to idlein a poorly ventilated garage. Table 3-

2 shows how poisoning symptoms develop

according to the concentration of carbon monoxide
in breathable air. It isimportant to note that rather
brief exposuresto very small concentrations of
carbon monoxide result in undesirable physiological
effects.

In case of carbon monoxide poisoning, first aid
should consist of the following procedures:

1. Move the victim quickly out into the open air
or to aroom with fresh air and good
ventilation. All physical exertion on the part
of the victim must be avoided.

2. If the victim is unconscious, every second is
valuable. Loosen any tight clothing around
the neck. If breathing has stopped, remove
foreign objects from the mouth (fal se teeth,
chewing gum, etc.) and immediately give
artificial respiration.

3. Keep the victim warm.
4. Always call aphysician.

5. In case of mild carbon monoxide poisoning
without unconsciousness, the victim should
be given oxygen if possible.

3.9.2 Technical Aspects of
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‘Generator Gas Poisoning'

Generator gas poisoning is often caused by technical
defects in the functioning of the gas generator unit.
When the engine is running, independent of the
starting blower, the entire system is under negative
pressure created by the engine's pistons; the risk of
poisoning through leakage is therefore minimal.
However, when the engine is shut off, formation of
wood gas continues, causing an increase of pressure
inside the generator unit. This pressure increase lasts
for approximately 20 minutes after the engine is shut
off. For thisreason, it is not advisable to stay in the
vehicle during this period. Also, the gas generator
unit should be allowed to cool for at least 20
minutes before the vehicle is placed in an enclosed
garage connected with living quarters. It should be
emphasized that the gas formed during the shutdown
period has a carbon monoxide cdntent of 23 to 27%
and isthus very toxic.

3.9.3 Fire Hazard

The outside of a gas generator housing drum may
reach the same temperature as a catalytic converter
on today's automobiles. Care should be taken when
operating in areas where dry grass or combustible
material can come into contact with the housing
drum of the gas generator unit. If a gas generator
unit is mounted on a personal car, bus, van or truck,
aminimum 6-in. clearance must be maintained
around the unit. Disposal of ashes must only be
attempted after the unit has cooled down (to below
1509F). Such residue must be placed away from any
combustible material and preferably be hosed down
with water for absolute safety.

[Building carburating unit] [Fig 3-1]

[Contents]
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