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WOOD GASIFICATION WORKSHOP

We have held several all day workshops in Jefferson City explaining the finer
details, problems and suggested solutions about this type of wood gasifier.

We hope to be able to hold a few of these sessions at other locations around
the state. Because of budget restrictions, this will only be possible if
some sponsoring group will generate the audience and provide a meeting room.

- Our past workshop registration fee has been $20.00 per person to cover the
meeting room, mailing expense and the demonstration unit and technicians
speaking fees. i

If you would be interested in attending one of these workshops, please write
to us, and we will notify you of the place and date of our next workshop.

" If you would be interested in sponsoring one of these meetings, please et
us know the location and the date; hopefully we can avoid conflicts in
scheduling.

CONTACT: Norman Lenhardt
Biomass Specialist
Missouri Department of Natural Resources
Division of Energy
P.0. Box 176
Jefferson City, MO 65102



Increase Woodland Products Through
Timber Stand Improvement

Jotm Siusher and J. M. Nichols, School of Forestry, Fishertes & Wildlife:
Eldon L. Heflin, Missours Department of Conservasson; and lvan L. Sander, U.S. Foress Service

What Is Timber Stand Improvement?

Timber Stand Improvement (TSI) denotes management
practices that improve the vigor, productivity, and quality
of stands of trees. -

In Missouri, voung tree stands have become established
readily tollowing curting or fire. But, tree quality, species
composition, and individual tree form are often undesicable.
Further reduction in quality comes when the better trees are
harvested leaving the bad ones, and when fire scarred ctrees
remain. The average Missouri woodland contains about 20 per-
cent cull trees and produces at less chan one-chird its potential.

Using Timber Stand Improvement

Many oprions are open to a woodland owner. He may use
a TSI program tc increase the woodland's value for cimber
products, water, recreation, forage, wildlife, nacural beaury, or
for special products. Forrunately, work done to improve one
use also benefits ochers in most cases.

Various practices used and tree species selected should fic
the chosen emphasis for the woodland. The number of trees
to keep depends on species, type of site, management goals,
and size of the trees. Professional foresters are available to
help determine a woodiand’s potentials and limieations and
0 help develop and carry out a suitable management plan.

Types of trees usually removed are: .

Cull trees and wide spreading “wolf " trees.
Trees inferior because of their species.
Trees interfering with the growth and development
of selected desirable trees.
+. Damaged rrees (broken off, bent over, fire scarred,
seriously barked, erc., bur expected to live at least one
cutting cycie).
5. Seriously diseased trees or crees serving as a breeding
ground for undesirable insects.

{e 1s important o remove or kill these types of trees as
soon as possible arrer an area has been logged to properly re-
lease younger trees. Vartery is important in a woodland
environment so those crees necessary for den trees, aesthetics.
or special foods should be seiected and rerained in che scand
when beginning a program of TSI.

The following pracrices are among those used i1n Timber
Scand [mprovemnens:

Site Preparation jor Natural Reproduction in Understocked Stands--
preparing the site 0 allow nacural seeding or resprouting of
desirable species. or underplanting seedling stock o fuily use
che avaiiabie growing space. This practice is used in poorly
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Figure 1. Eliminate your (X) trees. They stesi piant food, moisture
and space from your desirabls trees.

stocked stands to fill large openings and increase stand densicy,
or to improve the species composicion.

Thinning--cutting trees from an immature stand o increase
rate of growth and improve form of the remaining trees.
Proper space varies depending on species, purpose of manage-
ment, and sice qualicy. Table 1 givesa range of spacing for trees
of various diamerers:

Relaase—-temoving or killing undesirable older overtopping
trees t0 encourage fast growth and better quality of vigorous
young desirable trees.

Pruning—removing lower limbs, to produce the maximum
clear lumber or veneer in the buct log. Prune only seiected
hardwood trees where high-value species are grown on good
sites. This is recommended primarily in managing black wal-
aut.

In pruning lower limbs of young trees, don't remove too
much of the food producing leaf surface of the tree. At least
one half of the living crown of the tree should be left intact.
Generally trees should be pruned before they reach 8 inches,
in diameter. Limbs to be removed should be pruned before
they reach 2 inches in diamerer to reduce the wound size.
insuring proper healing, and o lessen the danger of encry by
insects or disease organisms.

Table |
Teee Spacing Tree Spacing
Diameter (in.) Range (tr.) Diameter (in.) Range (tt.)
2 4.6- 6.5 9 14.3-18.7
3 6.1- 8.2 10 15.6-20.4
4 T6-99 il 17.0-22.1
5 9.0-11.6 12 18.1-238
6 10.3-13 .4 13 19.4-25 .0
- 11.6-15.0 14 20.8-27.2
8 13.0-17.0 15 21.9-29.0

Cerrain species Of Management purposes mMayv require ocher spacings.
{n anv thinning the milest desirabie crees are usually favored.
Source: Even-Aged Silviculrure tor Upland Central Hardwoods --
USDA Agriculture Handbook 355.
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Vine Remmal--On some areas vines do considerable uamage
to trees. Vines not retained because of wildlife food vaiue, tail
coior, etc.. should be killed ac the same :ime other scand im-
provement work is done. Remove them by cucting them as low

to the ground as possible and immediately treacicg the scump
wich an herbicide.

Special Problem of Sprout Selection in TS!

Many Missouri hardwood species sprout heavily after
fire or cutting. Sprouts grow rapidly and often form multiple-
stemmed clumps. Use these guidelines for deciding how to
handle sprouc clumps.

1. Seedling sprouss, originating from severed seedlings,
are as good as seedlings if the clumps are thinned co reduce
crown competition and to avoid bad stump conditions from
deveioping it the base when the trees become oider.

2. Tree-stump sprouss are less desirable than seedling
sprouts but'may develop 1nto good qualicy stems, depending on
the size of che scump and che origin poine of the sproue. Many
hardwood sprouts decay through cthe large wound left ac the
base of 4 sprouc when the parent stump rots away.

Sprout stands are best managed berore chey reach 20 years
of age. Early trearment permits better selection of trees from
the standpoint of attachment o and size of the parent scump,
and greatly lessens the danger of decay from wounds left in
CUttINg COMPAnIon SProucs.

The best crees o leave come from seedlings, seedling
sprouts, or sprout clumps arising from scumnps + inches or
less in diamerer. Sprouts from larger stumps may be selected
if they anise very low on the stump and if che parent scump
wound (s small.

If early treacment is made in a young stand it will enter
macuney wich the crop trees pamarily single scemmed.
Where there has been no early creacment, pole saands of sprouc
origin are likely to consist of sprout groups. After companion
sprouts. joined ac the base with 2 V-shaped crocch, have grown
several inches in diameter. it is usually difficule to remove
one wichout leaving a large wound ar the base of cthe other,
theough which decay will develop. Twins of chis rype should
be let ulone. Where the sproucs have a low U-shaped crocch
berween them. however. or are encirely separared from each
other abuve ground. one or more can be removed (See Fig. 2).

TSI Cost Sharing & Technical Assistance

Cusc shanng practices are avaiiadle tor TSI. For further
informacion coneace vour Extension Cencer. Missouri Depare-
ment ot Conservacion Diserice Forester, or County Agriculeural
Seabiiization Conservation Service Office.

Free cechnical assiscance on ull cimber management prac-
tices 1s avasiable chrough locai Diserict Foresters or che Missourt
Depurtment ot Conservation.

Methods of Removing Trees
from Compatition '

The landowner shouid keep in mind that in many cases
4 propetiv conducted timber sale (improvemenc harvest) can
sccomplish 3 great umount of TSI. Undesirable trees not

Tresemaent toe Speouss Under 20 Years Old or Less Than
} lnche in Diamecer at Breast Hught

B L

Favar che low sprous. Prastve the sprowt rore che small scump
Cur the high sprour. Racher chan thoms from che large scump.

[ I—

Remove ateached sprouc Cus wall-sep
Wich & rtlush cue.

P
Az any convenwent heighe.

Treasment foe Sproues Over 20 Years Old ar Mors Than
3 Inches in Diamecar at Bremsc Haght

MM

Do noe cur Eicter may be cue Remove desd or dyrag
Eictmr sprous. A2 By convereants hergise. Compumon sprout by
Flush cue.

Figure 2. Prom USDA, “‘Timber Stand Improvement in
the Southern Appeiachian Region,” No. 8§33,

merchaneable may be removed by cucting, dozing, brush-
hogging, girdling, or by chemical conerol. Chemically crear-
ing large trees is more economical than felling and is more
cerain to kill chem chan is girdling. Where control of ce-
sproucing is desired, chemicals are most efective.

Silvicides and herbicides are chemicals which act in several
ways: As transiocation poisons, plant hormones or growch
reguiators, contace poisons, or soil scerilants. Some of the more
common herbicides used in TSI operations are 2.4-D. Amicrole
and Ammate.

All these chemicals can imjure sensitive trees. crops or ormamental
planss if net used according 20 label instructions.

Many are volarile and cheir vapors and spray drift will dam-
age desirable planes, especially on windy days.

Silvicides and herbicides can be applied as follows:

1. Prilling or Mecbanical imjectiom—curs are made
through the bark and iaro che growing tissue of the tree com-
plerely around che tree. Undiluced 2,4-D amine is chen
appiied to the fresh cucs until the chemical staces to tlow from
the cut. Mechanical injectors can be purchased or rented
which apply the chemical ac the time they make che cuc.

2. Siump ireatmemt-—of trees thar have been cur. The
scump should be thoroughly wet with chemical carrier muxture
immediacely following cureing.

* 3. Basal spraying—may be used effectively on crees less
thaa 4 inches in diamerer. Spray chemicai-ou mixture on lower
12 inches of the trunk wetting the bark thoroughiy.

For details ibout chemical muxtuces. regulacions. ind
precautions on chese metiods see UMC Guide +365. Whadv
Plunt Conerl.

8 'ssued nfurtherance of Cooperative Extension Work Acts of May 8 and June 30. 1914:1n cooperation with the United States Qepartment
st Agricuiture. Leonard C. Dougtas. Oirector. Cooperative Extension Service. University of Missoun ang Lincoin University. Coiumota.

Vissoun 65211 @ An equal opportunity imnsutution.
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MISSOURI GEN GAS

The design and construction of this sawmill wood gasifier was made possible
by a grant from the Missouri Department of Natural Resources, Division of

Energy to the Reorganized School District #1 of Moniteau County (California, MO).

The Department of Natural Resources - Energy Division issued this grant because
of the energy, the money and the jobs that can be utilized by the future uses

of wood gasification.

According to figures from page 34 of a 1978 publication by fhe Missouri

Department of Conservation, Forestry Section, entitled Wood Residues in

Missouri; there are 847.22 million (mm) pounds of unused equivalent oven

dry pounds of sawdust and shavings produced annually in Missouri. This converts
to 1,236,286 barrels of No. 2 fuel oil or about 1% of Missouri's average annual
011 and gasoline consumption. This also converts to $37,088,580 at $30 per

barrel.

Over 90% of the money that Missourians spend on oil permanently leaves the
state. For each $30,000 of energy dollars exported we lose one job to an

0il producing state or country. This is 1,236 jobs lost because

we are not utilizing these two waste products. This is a serious drain on

Missouri's economy.



The technician that construced the gen gas unit had worked with a number of

smaller size units since 1974. After a great deal of research and experimentation,
two successful small units were finally operational. The knowledge and experienc
gained from these small units was the basis for a larger unit now successfully
operating at a local sawmill. A system design patent has been initiated for

this unit.

The actual documented expense for the materials and parts on this gen gas
unit is approximately $1,900 not including labor and administrative cost.
Some additional parts on hand were not included in the cost. It is
estimated these additional parts and supplies would add approximately

$300 to the cost for a total of $2,200 for materials. Labor hours include
72 hours to convert and adapt the engine to gen gas. Construction of the
gasifier, coolers, filters, and dryer took 116.5 hours, travel to locate

materials required 41.5 hours. The total hours came to 230 hours.

Many recycled items were used in this gasifier. We have not tried to figure
a cost based on new materials.” These vary widely from place to place because
of availability and the ingenuity of the people involved. Depending on

materials on hand, your cost may be more or less for the same size unit.



COMPONENT PARTS EXPLANATION

This is an explanation of the working parts involved in the construction of
a down draft gasifier. This particular unit runs with sawdust as a fuel that
is converted to a low BTU gas, approximately 150 to 200 BTU/standard cubic

foot (SCF), compared to natural gas which contains 1,000 BTU's per SCF.

Engine Power Loss

Because of the lower BTU content, the normal internal combustion engine will
be derated (horsepower reduced) by about 50%. The heat content of gas from
this sawdust burning unit does not greatly differ from the BTU value of

any other wood fuel converted to gas in any similar air induced wood gasifier.

The Hearth & Air Intake

The core of the unit or the area where fuel is converted to gas_is called

the hearth area. This is the area where burning takes place with the correct
amount of oxygen admitted to maintain enough fire to generate enough heat to
gasify that part of the fuel which is not required to sustain the fire. If

too much oxygen is allowed to enter the hearth, all of the fuel will be converted
to carbon dioxide (COZ) and water vapor. The CO2 and water vapor will not

produce power in the engine.

When oxygen in the air mixture intake is limited in the hearth area, most of
the wood is converted to carbon monoxide (CO), some hydrogen and a few other
combustible gases and water vapor. Carbon monoxide plus oxygen will burn to

produce heat and pressure which is converted to power inside an internal



combustion engine. (Hydrogen and the other gen gases will also burn, but the
water vapor will not burn; therefore most water should be removed by cooling the

gen gas.) A good filter is absolutely essential for an internal combustion engine

One reason for the low heat value of the produce of this type gasifier

is that air contains about 80% nitrogen. Nitrogen is not combustible,

Hearth Component Design Explanation

The hearth is where the requirgd burning and gasification takes place.

(See drawing 1, 1A & 1B)

The hearth area is composed of a grate at the bottom, a restricter ring,
a combustion zone and the air intake nozzles, referred to in the literature

as "toures".

The hearth is a cylindrical shape, essentially one cylinder inside another with

a space between the cylinders for passage of incoming air.

The grate supports the fuel. In this unit the grate is a discarded hammermill
screen located a few inches below the restricter ring, and is the same diameter

as the sma]fest cylinder,

A heat sensing device (pyrometer) is installed immediately below the restricter,
but above the grate and extending into the hottest area of the grate. The

pyrometer measures the effect of any changes or adjustments made in air flow



that changes operating temperature. The operating temperature of most gen
gas units is 2,372°F to 2,642°F at the hottest part of the hearth. (See
gen gas book, pg. 116&119. In this unit the pyrometer reading ranges between

1,100 to I,ZOOOF because it is not in the hottest hearth zone.

The restricter ring outside diameter is the same size as the inside diameter

of the smaller cylinder. There is a small hole in the center of the ring.

This hole controls the volume of the combustion area and also controls the
velocity of the gen gas that flows through to the engine. This flow rate

does influence the heat gained by the gas passing through. If the gas dwells
too long in the combustion area, a higher portion of the gas becomes non-
combuszible COZ‘ Likewise, if the gas flows too slow the fire runs too cool

and more of the gas passes through a; tar, in vapor form, instead of converting
to CO and hydrogen. Additionally, if the gas flows too slow the ash will build
up on the grate and ultimately will choke off the flow of incoming air. A
manually controlled shaker system will help eliminate ash build up.

The next vertical step up the hearth chamber is the air nozzle ring. These
nozzles pass through the first (inside) cylinder wall and into but not thraugh
the hollow chamber between the two cylinders. Air nozzles should be made of
materials that are highly resistant to high temperature. The number of air
nozzles, their diameter and the height above the restricter ring is predetermined
by a mathematical relationship to the size of the engine. Size or engine

volume is determined by the bore, stroke and revolutions per minute of the
engine you are opsrating. See Table 25427 and Figure #77, pg. 123, 125, and 126

for the mathematical formulas in the Swedish Gen Gas Book (Sw. GB) section.



A1l materials in this hearth area are mild steel except for the nozzles, which

are stainless steel and the grate which is high carbon steel.

Gen Gas Housing Component

The next component (see drawing 2A & 2B) is the gen gas housing and combination
fuel storage container. The housing in this unit is a cylinder. The hearth
unit (grate, restricter ring and air nozzle) is placed inside the housing with
a space between the two cylinders. The space allows the down tube air intake
pipes to extend from the top of the fuel bin down to near the bottom of the
restricter ring. This down tube allows the air to be preheated as it travels
down the tubes and through the outside hearth cylinder and up the hollow

chamber to the nozzles. This also helps to cool the exit gas.

The above mentioned air preheating is important, especially for engines that

operate intermittently as in sawmilling operations.

As the engine idles, the air moves more slowly through the gen gas combustion
area resu]tihg in a smaller fire. When the engine throttle calls for more

fuel the vacuum inside the engine is increased calling for a sudden change

in air flow. This demand for increased fuel results in a quick surge of
outside air into the hearth and occurs more rapidly than the fire's ability

to respond. This rapid air change results in further, but temporary cooling.
Cooling results in less complete'conversion to gas, which in turn means an
increase in tar production. This combination of reactions means that a greater

amount of both water vapor and tar may reach the engine resulting in sticking

piston rings, valves and push rods. This results in contaminating the engine
0i1 with the associated problems of increased wearing of all moving surfaces

and harder starting.



The combination of water vapor and tar tend to carry a higher percentage

of very fine particles of ash. The water has a tendency to carry ash
through the filters. Air preheat is important and everything practical
should be done to retain uniform temperature in the hearth area, especially

with intermittent engine operation.

A surge tank or some supplemental fuel will help overcome the rapid change

of the flow of cold air through the hearth area (see drawing #10).

Ash Pit
The gen gas housing ash pit also allows passage of the gas between the

housing and the hearth and also functions as a preheater for the incoming

air tubes.

When installing the grate, allow some space below the grate for ash
accumulation. This space should be Jarge enough for a minimum of one

day operations. Consideration should be given to shape in the ash
chamber. The slower the air moves in this space the more ash is retained
close to the point of burning. This reduces the amount of ash that moves
with the gas and reduces the load on thé filters and coolers. (See Page C

Appendix)

Rapid cooling of hot gases in the Tower part of the housing prevents CO
from reforming into CO2. On this unit the gas leaves the gas exit port
at approximately 300° F, indicating a rapid gas temperature drop below

the 1400° F Tevel, below which COo forms very slowly.



The shapes discussed above have all mentioned cylinders. Other shapes

can be used but a circle is the most efficient des:gn from the stand .

point of enclosed volume versus square feet of material used. Air flows

are more uniform in circular containers than in other shapes but other shapes
have been used successfully, especially for the housing. It would be best to
use a circle for the inside diameter of the restricter ring. Nozzle extension
into combustion area can be shortened or lengthened to circular shape to con-

trol the cone shape and volume of hot coals.

Welding rods should conform to heat requirements of the component members.
(Use high temperature resistant material on the nozzles and hearth area, unless

their shape allows them to be insulated by the fuel or the ash.)

The gen-gas housing may contain a 1id in addition to the hearth, air tubes, ash
pit and the gas exit port. A 1id does not seem to improve the operation with

sawdust fuel but may protect the unit from wind or rain.

If small pieces of wood are used as fuel, or in mobile vehicles éh air tight

1id is required. This prevents bypassing the air tubes, thus avoids changing

of desian criteria. Any 1id should have a spring tension or weight tension
factar in the event of flash back. Flash back is an explosion resulting from
accumulated gases in a cold generator or cou1d_resu1t from rapid shut down bn the
suction side of the generator. Flash back has not been a big problem, but like

all safety devices it's better to be safe than sorry;

The fuel reserve needs to be designed for several hours of use. Too little

sawdust and the hopper must be filled more often in a batch feed, too much



causes excess compaction resulting in reduced air flow. This is not a serious
problem with chunk fuel but compaction can be a problem, especially with wet

sawdust or sawdust that contains a lot of fines from a sanding operation,

Cyclone Ash Remover

Located immediately after the housing is either a baffle type ash remover or a
cyclone type ash separator (or both) (see drawing #3A and #3B). The ash
remover should be as close to the housing as possible. Ash is removed most
effectively before the gen-gas cools down to the dew point. The ash remover

does act as a cooler, but this is a secondary function.

The unit discussed here does not have a water spray bath for ash and tar re-
moval, but a well designed and maintained spray or counter flow water bath is
the most effective way to remove foreign materials. The bath should ke in-
stalled prior to the condensors and coolers that reduce the gas to final design
temperatures (1040F). If the water bath is too close to the engine in the flow
circuit, ii will be impossible to cool the gas sufficiently below the dew point
to remove excess water vapor. A small amount of water entering the engine as
vapor does not interfere with engine operation. Too much water vapor will con-
dense cut on cold engine surfaces. This condensing out can be a problem both
when starting up the engine and also while the engine is running. The problem

is greater in periods of high humidity or very cold temperatures.

The major problems are that incoming air may be cooler than your gen-gas. The
incoming air may also be high in relative humidity. When the cool air mixes,
the gen-gas temperature may be reduced below the dew point. Any cold engine
surfaces further reduce the temperature and water vapor becomes liquid with

all of its associated problems.



The need to remove water vapor from the gen-gas cannot be over emphasized.
Regardless of the operating temperature, gen-gas is always at 100% relative

humidity, further cooling produces liquid water.

Another reason for cooling below 104%F is that gas becomes denser

on cooling, which has the beneficial effect of containing more energy

per cubic foot. This gives greater power per revolution of the engine.

With the engine possibly derated about 50% for gen-gas operation, additional

loss of power is very detrimental.

Heating the gas mixture by 10°C (18°F) causes a power loss of 3%. Avoid severe
flow resistance; a pressure drop of 100 mm (3.93 inches) of water or .148 pounds
of pressure would cause a power loss of 1%. Small diameter pipes increase flow

resistance.

Cooler Condensor

in the unit we are discussing, the next fixture is a square tube (see drawing
#4 & #5) cooler condensor. Square tubes are not necessary but are.convenient
to workwith., This cooler has 12 tubes, baffled to form an "S" shaped flow
pattern of 4 tubes flowing on each level of the "S". Since the gas is cooling
it is also condensing water, the water flows with the gas and drops out into
the condensate tank. The condensate is drained periodiga11y.

[t would be beneficial to add at least four more horizontal tubes to the cooler

condensor.

After the condensate tank we have a split flow pattern. One line to the
starter fan, one line to the oil bath filter and then to theengine.
These two lines can be closed off from each other by a set of manually

operated valves.

10



Starting Fan-

The starting fan (drawing #6) is an old upright type vacuum sweeper motor, connected
to 110-120 volt electricity. Automobile heater fans have been used in other units,
and operated from the storage battery. Suction fans perform better than pres-
surized systems. Leaks in a suction system may reduce combustion efficiency but

a pressure system leak may force gas such as oxygen depleting C02, poisonous CO,

or explosive hydrogen into the building.

Be certain to vent your starting fan high enough and in the right wind direction
to prevent gen-gas from accumulating in buildings. The gen-gas budeing itself
should be well ventilated, both top and bottom. Avoid wind drift to other

buildings where gen gas may accumulate,

A small air cock just after the fan will allow testing the flame of the gas
before attempting to start the engine. After the gas supports a good flame the
engine will usually start on the gen gas. You probably should consider assistance

using gasoline or propane for easier starting..

Q0il Bath Filter

After the gas burns readily at the starting fan test cock, the gas is diverted
to the oil bath filter (drawing #7). This is a standard truck filter. Any
good 0il bath filter of sufficient capacity should work. A horsepower match
should be a convenient method of sizing. If the horsepower information is not

available, air flow would need to be calculated.

Engine Condensate Orain

After the o0il bath filter, the gas flows toward the engine. Just before or
at the bottom of the final filter is a drain cock for condensate. This removes
accumulated water at the final filter, reducing. the amount of water vapor at

the engine. 11



Surge Tank - Reserve Fuel

The surge tank (see drawing #8). is a tank large enough to hold enough gen
gas to allow a fast engine speed recovery. Because of the distance between
the gas generator and carburetor in this specific setup there will be a
delay in gen gas reaching the engine. The surge tank on this system
(approximately 3 gallons) has proven to be tco small for this engine;

correct sizing of the surge tank has not been determined.

From the surge tank thevgen gas passes through a four inch diameter plastic
pipe. This pipe is fi]]edeith removable and washable plastic dishwashing
kitchen sponges. These sponges can be washed in diesel fuel and reused.
There is also a valve on the bottom of the filter for condensate drainage.

(see drawing #3). This is minimum filtering and needs to be improved.

Carburetor Manifold

The final fixture of the gen gas system is the carburetor manifold with two
accessory carburetors, one propane and one gasoline (for air mixing only).

The manifold also allows for a fresh air intake for blending with the gen gas.
The carburetor gen gas manifold sets on top of the original truck motor
carburetor. The truck motor is a 1954 international 450 cubic inch “R"
series. The motor was chosen because of familiarity along with capability
and.durabi1ity. European experience indicates that siow speed long stroke

engines perform better with gen gas than high RPM engines.

This engine has the capability of running on gen gas, gasoline and/or propane
independently. The engine could operate on any combination of three fuels by
proper manual mixing of fuels. There is no cross linkage of fuel systems, but
there are manual controls convenient to the saw carriage for operator adjust-

ment if additional power is needed.
12



This unit will not run at idle with only the small petrol (gasoline) carburetor

(approximately 8 HP) on the square tube manifold. This small gasoline carburetor

is designed only for starting. The propane carburetor serves the same starting
function, but can keep the engine running at idle speed and is capable of

. running the engine at full power but in practice is used primarily as a power

boost for peak Toading of the saw.

Alcohol fuels could also be used through a small carburetor, or a super
charger to gain additional horsepower. A super charger without supplemental

fuel assistance would require a 70% increase in gen-gas consumption (Sw. GB).

One other way to overcome horsepower deficiency is to start with a larger
engine that could supply the power needed, after the necessary derating with

gen-gas. A tandem engine could also be used with belt drive pulieys.

Most U.S. equipment is greatly oversized, derating is therefore not as

1]

detrimental as most people would imagine.

Total avoidance of the use of gasoline would enable the engine to run on cleaner
burning gen-gas thus avoiding spark plug deposits and 0il contamination from the

by-products of burning gasoline.

Propane does not have these oil polluting contaminants of gasoline but is more

castly than gen-gas.

Engine Adjustments

The engine has not been altered except to advance the timing approximately four
to five degrees before normal firing to compensate for the slower burn of the

gen-gas. 13



Engine power could be improved by increasing the compression ratios in the
cylinder, Compression ratios of 10 or 11:1 have been suggested. It would

be advisable to contact the manufacturer before deciding on a final ratio.

In gen-gas operation a standard gasoline engine is derated to about

70% of its rated power. This reduction is probably due to different burning
characteristics of gen-gas compared to gasoline. However, the engine wiil
run on rather wide air/fuel mixture limits. Excess or deficit air mixtures
will cause a further loss of power. Improperly cooled gas (above 104°F) or
an excessively high intake manifold temperature or a loss of suction pressure
caused by restrictive pipes and elbows may cause further power losses, all

of which could total up to as much as 50% power loss. With reasonable gasifier
design and reasonable air/fuel ratios it seems logical that 60-65% of normal
power can very likely be achieved without changing the compression ratio. In
general, cooling the gas another 10%F will improve the power because cooler
gas gives an increased fuel charge in the cylinder and also helps to reduce
condensate that occur; when cooler air enters the warm gen-gas stream. If
the air stream is at the same temperature as the gen gas, liquid dropout (as

condensate) should not be a problem.

The International Harvester Distributor recommends a low ash oil for gen gas
use. Because of the potential for water contamination the emulsifying
qualities of the crankcase oil shculd also be known. Some oils coagulate
and form jelly when contaminated with fairly small amounts of water. If the

crankcase oil turns to jelly the engine locks up in a very short time.

Motor oil impurities are of two main categories.
1. Mechanical - abrasion and/or chemical.
a. lron particles (burs, shavings, grindings, slivers).

5. Rust {from chemical action).



2. 011 Thickening Agents
a. Dust from air intake (silica, etc.).
b. Dust originating in the fuel - such as silica, quartz, potash,

phosphate, copper, zinc, carbon, mangaenze, etc.

Table 28 from the Swedish Gen-Gas Book points out the extent of the problem
with dust and oil crankcase contamination.

Table 28. DUST CONTENT OF AIR

Air Contamination in mg/m3

Rural areas and suburbs ............... ceeiees Ceesrianens 0.5 -1
O 34
[ndustrial centers .. iiiiiiiiiiiirennenroneeneerannnenns +4
Streets with heavy traffic ......... et reecectecereaa = 20

Dusty highways, excavation and gravel pits

farm work with tractors, etc. ................... e over 200

In the case of 200 mg dust per m air, a car with a 2 liter (310 cu. in.)
engine would, when driving 100 km (62 mi.) without an air cleaner, sucks in
26 gm of dust. Some of this contamination can find its way into the crankcase

oil, causing oil thickening and subsequent wear. (Note, 26 gm = .9 oz. of dust)

Be alert that your oil problems when using gen-gas fuel may in reality be
caused by poorly maintained air intake filters. A sawmill is a very dusty
place, and qualifies as about equal to highways and gravel pits.

15



Saw Dust Drying

This particular unit uses predried sawdust (see drawing #11), which is

dried by use of a pull type four inch auger. The auger pulls fresh green
sawdust through a six inch tube mounted inside of an eight inch tube. The
eight inch tube is divided into two sections by the use of metal spacer.

Hot exhaust gas from the engine enters the bottom level - flows horizontally
some 14 to 16 feet, rises into the upper chamber, reverses direction for

14 to 16 feet until it passes outside through a four inch truck exhaust tail
pipe. The auger is set at 10 to 15 RPM. This speed is for continuous sawing.
The auger speed was set by trial and error and should be easily adjustable.

The drying tube induces fresh air (see drawing #11 and #12) through an attachment
on top of the eight inch pipe. The air flows through and around the sawdust
and is exhausted from the opposite end of the drying tube by an exit port
through the fan. This fan removes moisture vapor as it accumﬁlates, greatly
improving the drying efficiency. A small fan is adequate else too much sawdust
is blown out of the tube. Caution should be exercised to clear the sawdust in
the tube else it will burn from the latent heat in the tube. Orying does
improve combustion efficiency. The gasifier runs best with 19 to 20% moisture

" in the fuel.

Older smaller gen-gas models (prior to this unit) were run successfully on
fresh green oak and other hardwood sawdust. Because of improper filtering,
several valve push rod changes were necessary. Toward the latter stages of
operation, engines were successfully run on fresh green sawdust without valve
problems. This was after several redesigns of the condensor and filter system.

Filtering is the most critical part of gen-gas operations.

16
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Energy Balance of Wet Sawdust

Air dry, or drier sawdust will improve the gen-gas combustion efficiency.
Every pound of water converted to vapor (assume 70° outside air temperature
and 70° sawdust temperature) requires 1,112 BTU's of energy. To drive all the
moisture out of six pounds of fresh green wood (use above temperature) that
contained 50% of moisture, would require 3,336 BTU's. One horsepower for one
hour requires 2,545 BTU's with no loss for efficiency. Another way to state
this is that it requires 1.3 horsepower to completely dry six pounds of 50%
moisture wood. The energy required to dry the wood in the éasifier is Tost.
However, waste heat from the engine exhaust can be recovered to partially dry

the wood fuel as previously discussed.

In the future we anticipate that all fuels will be soid on a BTU basis, perhaps
including wood residue. To show the effect of drying the sawdust prior to
gasification, consider that green oak has a moisture contenf of 50% and a BTU
value of 4,300 BTU/1b, If the wood is dried to 25% moisture at no cost using
exhaust gas waste heat recovery, the heat value is now 6450 BTU/1b., a 150%

increase. If sawdust is priced at $10/ton, then:

$10/T x 1,000,000

G007/ T x 4300 BT07F = S1-16/mm8TU (mm = one mﬂhon)-

If the sawdust is dried to 25% moisture at no cost:

$10/T x 1,000,000

x 4 = $0.775/mmBTU

As you can see, the cost of energy has been.reduced by 1/3 by using heat that
usually is wasted. Also note that these prices compare with $5.00/mmBTU for
natural gas {at 50¢/therm). Further, if your cost is other than $10/ton,

simply put that value in the preceeding equasions to calculate your saving.
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Stand-By Electricity

Plans have been made by the operator for a stand-by electric generator that
can be operated from the gen-gas unit. This is intended to produce electricity

for storage when the engine is idling between saw cuts. Details on hook up have.

L4

not been completed at this date.
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DEPARTMENT OF NATURAL RESOURCES
ENERGY NOTE

The following printed material, pp. 116 thru 129 and noted as
Chapter 5; "Cooling and Cleaning of Generator Gas" is reprinted
from a book entitled "Generator Gas - The Swedish Experience

from 1939 to 1945." (See also pp. 165 thru 170)

This publication was translated by Solar Energy Research Institute,
1536 Cole Boulevard, Golden, Colorado 80401. Copies can be obtained
from the National Technical Information Service, U.S. Demartment

of Commerce, 5285 Port Royal Road, Springfield, Virginia 22161.

In this section, the mathematics are based on metric units. The
following conversion factors can be used to convert to conventional

units,

CONVERSIONS FOR READING THE SWEDISH GEN-GAS BOOK
(We suggest you buy a metric conversion table for reference)

1 B7U = amount of heat necessary to raise temperature of one 1b. of

~water 1°F
1 KW = 3,413 BTU
1 HP = 2,545 BTU

19c = 1.8%F + 32

Example (60°C x 1.8) + 32 = 140°F
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1 cubic ft. water = 7.481 gallons = 62.47 1lbs.

1 cubic ft. 1,728 cubic in.

.0283 cubic metgis”(m3z

1 M3 = 35.31467 cu. ft. = 61,023.75 cu. in. i

1L (liter) = 1,000 m1 (milliliters) = 1.0567 qt.
1 gt. = .94635 L = 946.35 ml.= 32 f1. oz.

1 cu. in. = 16.387 cc

1 cc = .06102 cu. in.

1 mile = 5,280 ft. = 1.6093 Km (ki]ome;er)

1 Km = 3,280.9 ft. =.62 miles = 1,000 M {meters)
1 M=100 cm (centimeter) = 3.28 feet = 39.37 in. = 1.0936 yards

304.8 mm (mf]]imeter)

1 ft. = 30.48 cm

1 inch = 25.4 mm = 2.54 ¢m

1 mph = 5,280 feet per hr. = 88 ft. per min. = 1.4666 ft.

1 Kmph = 3,280 ft. per hour = 54.666 ft. per min. = .911 ft. per second

196.8 ft. per min. = 11,808 ft. per hour.

1 meter per second

2,236 mph
11b. = 16 0z. = 453,592 g (gram)

35.27396 oz.

1 kg (kilogram) = 2.2046 1bs. = 1,000 g
1 g = .035274 ounces
1oz, =28.349 g

|
[
E
i
]
per second = 447 meters per second O
:
[
]
[
[

Note: Unit cc is being discouraged as a liquid measure, ml (milliliter) is
‘preferred under rules of the new S.I. (Systems International). Liter (L) is tOf
used only for liquid measurement since one 1iter of water weighs one kg at norm

conditions. l

L natee ]
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THE HAZARDS OF GENERATOR GAS OPERATION - GAS POISONING

These are essentially three hazards connected with gen-gas: 1) fire

2) traffic and (3) toxic hazards.

The fire hazard arises by discarding hot ashes or locating hot pipes too
close to combustible materials. In vehicle gas generators involved in
collisions that cause overturns, the gen-gas unit frequently dumps open
flame onto the éccident scene. Rear end collisions often pop the safety
1id and hot ashes are forced out of the fuel hopper. This is especially

bad if one of the autos spill gasoline from the force of the accident.

The toxic hazard is primarily carbon monoxide poisoning. Carbon monoxide

is odorless and colorless and cannot easily be detected. Acute poisoning
symptoms 6f CO are reasonably éasy to diagnqse. Chronic toxicity on the

other hand can occur over long periods of exposure at low concentrations

thus masking the symptoms and therefore can be overlooked or improperly
diagnosed. Only a short exposure in an environment containing a few hundredths
of a percent by volume is enough to cause acute poisoning. Acute carbon
monoxide poisoning can occur at concentrations above 0.05% (500 parts per
million). At this level and above, unconciousness results, death may be
immediate and the poisoning effect is comparable to an acute brain hemorage or
an acute heart attack. Statistics indicate that auto mechanics and chauffers
were frequently victims of carbon monoxide poisoning. This also leads to greater
incidence of traffic accidents because of reduced reaction time and drowsiness.

21
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Because of reduced engine power there is also a greater tendency to keep
the vehicle rolling when approaching a stop sign. Reduced power

also increases the time it takes to pass other vehicles.

Exhaust gases from a gasoline engine may contain 6% to 7% carbon
monoxide and it is well known that these fumes can cause sickness
and death. Generator gas (gen-gas) contains over 20% carbon

monoxide. It should be obvious that gen-gas is a greater hazard

than gasoline engine exhaust. Only a small gen-gas leak in an

unventilated space can cause a severe problem.

People having respiratory problems or heart conditions are more
susceptible to carbon monoxide poisoning, however no one is
immune. The greater the physical activity and the faster the
breathing, the greater the problem with absorption of carbon
monoxide into the blood stream, which then blocks the ability
of thérb1ood to transport oxygen. This is shown in figure 264

from the Swedish Gen-Gas Book Section.

Pages 305 through 314 are taken from "Generator Gas The Swedish
Experience from 1939-1945". These pages give greater detail of
carbon monoxide poisoning problems associated with generator gas

operations. (See Swedish Gen-Gas Book Section)

Anyone involved with gen-gas would be well advised to READ THESE
PAGES (305 thru 314) and become familiar with problems and the

attempted solutions.
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A hegrth that is not insulated on the inside makes very high demands on the material,
since the temperature in the hottest spot of the combustion zone normally is over 1300°C
and under some circumstances may rise to between 1400°C and 1500°C. ’ -

In the lower part of the hearth below the constriction, reduction of carbon dioxide and
water vapor takes place. To prolong the time during which the gas remains in the reduc-
tion zone, it is desirable to decrease the gas velocity there by gradually increasing the
cross-section area. The processes in the reduction zone use up heat and therefore cause
a decrease of temperature in the direction of the gas flow. The dimensions of the redue-
tion part of the hearth.should be designed so that the temperature at the lower hearth
opening cdoes not go below approximataly 800°C, even during low load. '

Varicus soluticns have been tried, to obtain a foundation {or the glowing charcoal in the
recduction zone. The oldest soluticn, and until recently, the most commonly used, is to
olace the lower heearth opening 10 to 15 em above the bottom of the generator (or an ash-
separating grate), filling the space under and around the lower part of the hearth with
charcoal of individuel piece sizes such that the gas can easily pass through the charcoal
layer. It was believed that an advantageous so-called cuter reduction was gained, the
size of which was automatically varied to fit the load. Swedish tests, however, have
shown that there is no foundation for this opinion and that the charcocal bed, through its
relatively low temperature, may actually make the generator gas poorer by promoting
some reaction to CO,.

These tests indicate that the gas, while passing through the ring space around the hearth,
should be kept either at a high temperature or be rapidly cooled; the spece may therefore
be free and equipped with heat insulation at the outer wall. The bottom of the generator
should be heat insulated. Porous concrete of suitable piece size may te advantageocusly
used as a fcundation for the reduction charcoal; this porous bed allows gas to pass
through without abnormal pressure drop.

In Russia, thev nave to a large extent done without any kind of bed underneath the
hearth, with good results; instead a grate has been placed approximately 20 mm under
the hearth openirg. This design would seem to make very high demands on the heat
resistance of the grate material as well as on the lower part of the hearth, if special
mesgsures are not taken to distribute the gas flow over the periphery of the opening.

In all wood gas generators an asymmetric outflow of gas {rom the hearth oceurs, based
on the law of least resistance, by which the gas has {lowed out preferentially over some
par: of the periphery of the opening; this causes a ™end" of the reduction cone in the
main direction of the flow. Once this deformation has started, the bending effect then
intensifies. Even hearths of extremely strong materials may, in this way, be ruined reje-
tively quickly. (See Chapter 10, Figures 252 and 254.) Such an oblique load on the hearth
is neutrsiized to some extent if the gas, after leaving the hearth, must overcome a
resistance evenly distributed over the flow area; for instance, during passage through a
bec of charcoal or porous concrete.

The requirements on the materials of the hearth are, of course, highly dependent ugon
the temperature at which the hearth works. Hearths without inside insulation (e.g., the
orevalent Imbert type) must be made of high-elloyed ferro-material to be ressonably
durabie. The pre-war Imbert hearth contained over 209% chrome and 20% nickel. These
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hearths proved to be curable enough for approximately 20,300 km of Sus operation curing
predominantly nigh load. Since the circumstances of crisis made it necessary 10 elimi-
nate the nickel admixture altogether and to limit the chrome content to §%, the durabil-
ity of the hearth was decreased to aporoximatealy 2,000 km. However, during cceraticn

of private cars with generally low lcad, the durability was several times greater and, on
the whole, satisfactory..

The unsatisfactory durability of the hourglass-shaped alloved hesrthis is caused 5v the
following:

L A shape that causes thermal stress [n the material and during uneven and varied
heating causes cracks and deformation.

2. The poor heat conductivity (approximately half of the ordinary castings), which
causes the hearth to warp during uneven heating; i.e., in case of local overheating
due to air leaks in the cleaning doors, pipes to the air nozzles, or at connection

flanges,

3. Uneven mixing of the components contained in the casting. Special, rotating fur-
naces are required to provide even mixing.

One very obvicus disadvantage {rom the viewpoint of cperating eccnomy is that any seri-
ous cefect in the hearth makes it necessary to replace the entire ntearth, which is doth
expensive and time consuming. To get arcund this disacvantags it would De Setter to
design the hearth in several pars so that parts that are easily damaged can Se removed
and repiaced. This is ene of the thoughts tenind the V-nearth, designed ty V. Blomcuist
of the Swedish Generator Gas Co., which was installed toward the 2nd of the war in
existing generatars to replace wornout original hearths.

In its simplest design, the V-hearth (see Figures 18 and 73) consists of a hearth mantle
welded together of t'vo truncated plate cones with the peints directed toward esch sther,
so that the point of the lower cone penetrates that of the upper ecne, hus creating a
ring-shaped conduit in which a cast-iron ring is lcosely placed. The hearth mantle was. in
the beginning, made of S-mm aluminized black plate with its upper ecge weiced onto the
nozzle ring of the generator. When the generacor was used, a protective wall of ash and
charcoal particles was Suilt up in a few minutas around the insice of the heer:d mantle.
This insulaticn wail, wiich was soon packed together to a relatively solid consistency and
was maintsined during operation, protacted the hear:il mantle {rom severe thermal
stress. The only metal part more exgosed. especiaily around the opening, is tle heert:
ring. Thus the hearth ring will inevitaoiy -e subject ¢ damage. Wnen cast with "1ormal
care it lasts for <00 to 330 hours of crivirg during zormal full load. [t is very inexcen-
sive and mav Se replaced without the use of %3ols, (n 2 minute or s¢ while cleaning tne
generator; therefore, the cost of replacement is of 1o imgportance. The gcod heat con-
duetivity of the nonalloved cast ircn contributes considerabiy to ihe relatively grea:
durapility of the heart ring; thus it may De decated wnether anyling is gaine< v Manu-
facturing the sing of alloved matarial, which is more nesat resistant Sut 30ssassas corer
Neat concucivity.
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Cast-Iron
Constriction Ring

Inside

* Insulation
by Ashes
Cast-1ron
; V-Hearzh,
easily
Temovable

o e
e o

{ron-Plate d -
Hearth Mantle
Tigure 74. V-Bearth of Shee: Metal with a
Cast Hearth Ring of Nonalloved Irom for
Installation ia Generators of Various Makes.

In the designs with a welded hearth mantle, there weas sometimes a tendency toward
descaling on the inside of the lower cone of the hearth mantle, after extencded heavy
driving. To secure long life, the mantle was later manufactured of metal plate alloyed
with §% chrome, and finally of cast steel with a §% chrome content. In the latter case
the V-hearth wes supplemented with an upper part, consisting of a nozzle ring fitting the
hearth, with a funnel for direct connection to the lower end of the fuel store and with
dimensions to fit the store. Such a hearth is virtually indestructable, apart from the
easily removable hearth ring. Since hearth rings of various inner diameters may be put
into the hearth mantle, one and the same generator can easily, through ring changes, be
adjusted to various hearth loads. (See Chapter 8, Figure 118.)

rigure 76 shows a German generator for wood, peat, or browr? coal, which, like the:
V-hearth, has a removable hearth ring. (7]

Insulation of the Wood Gas Generator

The following may be added to the above views on the insulation of the wood gas genera-
tor. A wood gas generator has a thermal efficiency of about 20%; i.e., a fifth of the heat
value of the fuel is lost, partly through radiation, partly with heat physically bound in the
generator gas. Ziforts have been made to decrease these losses through various designs;
e.g., through insulation of the fuel storage to prevent heat radiation from the outside
walls of the generator, through leading the hot gas up around the f{uel storage between
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the outer and inner mantles, through preneating the primary air, ete. With the excsption
of the last method, however, these measures do not appear 0 e useful. The reaction
ability of charcoal is impaired by very high charring temperature and long charring time
in the generator, which may be observed, {or instance, in up~draft generators. As men-
ticned in the preceding section, it may be more advantageous to promote condensation
and dehumidification through extreme cooling of the walls of the fuel storage. As shown
in Chapter 2, f{or instance in the tests by the Steam Heat Institute, it is the heat-
consuming reduction zZone of the generator that, by insulaticn, should be prevented frem
unnecessarily emitting its heat. In keeping the temperature there as high as the design
and the properties of the hearth material permit, the veloeity of the reduction process is
inereased as is the heat value of the gas at a given gas velocity. Experimental tests have
shown that the reduction process in normal generators may Se censidered completed at a
tamperature of approximataly 350°C to 900°C. To maintain the gas quality, the gas
should be cooled fairly rapidly; l.e., immediately after leaving the hearth the gas should
be conducted out of the generator via the shortest path, and cocled down ("{rozen in
equilibrium”) to prevent the decompasition of CO to COz and carton.

Figure 73. Imber: Gizeracor {or Wood, 3rowm
Csal, amd Yeat, wistious Outar Charssal 3ac.

(The aumbers ara 20C axplaized iz te Swadish
caxr: therafora 210 axplanations ara siven
hera.==2d.)

Tigure 73 is a picture of a generator intended for weed ang srown ¢sal: the flgure shows
that the incoming primary air is conducted past the heavily insulated hga.;:h and :;;t 'tn.e
amitted 7as gTes out Detween the cuter ‘vall of the generator and th'e air mtake; whieh s
arranged concentrically arsund the hearth. [n this way, the gas s coqled et and‘ :;e
srimary air heated. Particulariy in stationary generatdrs where nere S RO iorced alr
availacie fer ecoling ‘he generatcr g2s, such <oclng Y incoming zir s of gTeat

1.9



acvantags. The picture also shows that the outer charcoal bed has been completeiv
removed, end the generator fuel is carried directly by a grate. It has been determinec
that no reducticn takes place outside the lower edge of the hearth; on the other hand,
there is a risk of re-creation of carbon dioxide and free charcoal in an outer bed, which is
why such a design is suitable frem this point of view. -

To protect the hearth material and further improve the lccal hearth insulation, ash-
keeping hearth designs are highly advantagecus. The V-hearth hes such a design, as does
the Zeuch gas generator shown in Figure 76. These designs also have easily removable
hearth rings, whereby the specific hearth load of the generator may easily be adjusted
within certain limits for various operating conditions.

Figure 76. Zeuch Wood Gas Generaser with a
Removable Cast-Iron Hearth Ring.

Hearth Load

The concent of hearth lcad plays a very important role in dimensioning a wood gas gener-
ator hearth. The hearth load is the quantity of prepared generator gas, reduced to nor -
mal cubic meters per hour, divided bv the smallest passage area in em? of the hearth
(Nm®/em2r). Thus the hearth load is dimensionally a veloeity although it is customarily
expressed as a numerator and a denominator. The hearth load exsressed in this way is
called By, anc the imaginary velocity of the prepared gas, in its normal state, through the
smallest passage area of the hearth v) (m/s). The following relations are obtained {rom
the definition of the hearth load.

By, = 0.3 vy Nm®/em®he (33)
vy = 2.78 By m/s (34)
Practically, the load range for all wood gas generators is {airly narrow between an upper

Uimit 3y 1.4 2Dove which the gas quality is made poorer cue to charcoal dusting in the
compustion zone, and a lower limit By min, below which the gas, due to too low a

120



temperature in the hearth cr in certain parss of it, will centain unacceptably large quan-
tities of tar. The relation between 3‘1 max and 3‘1 mine Which could Se called the flexi-
bility of the generatcr, is of gTeat importance in speration with widely varying lead (e.z.,
car o_oe:atzon) As great a flexibility as cossitle is desirable in such a case, and the
numerical value of the flexibility Secomes, lo a certain extant, an ogerating quality
parameter.

In Imbert wocd gas generators and cther similar tvpes, the 3.1 reaches about 0.3 in
econtinuous operaticn and the By min Stays within a range of 0.3 %0 0.35. This gives a
flexibility between 2.5 and 3.0. Tests on V-hearths have given practically the same val-
ues of By may Vhereas 3, ... hasDeen less than 0.2. An eight-nour test wiih 3, =0.03
on a V-hearth wood gas generator Irom the Swedish Generator Gas Co. (with a heat-
insulated [ower part) during operaton of 3 2-cveie engine, has Deen carried cut without
abnormal tar content in the gas. The V-hearth has thus given the generators a Iexibility
of at least 4.5 as oppcsed o the maximum value of 3.0 for a hearth designed with metal
ondy. For the test with By = 0.03, a flexibility of 18.0 was obtained, which is a unicue
value.

[t is pessible to attribute the very good idling sroperties of the V-hearth exclusively to
the good heat insulation of the combustion zone, but there is still one other faector
involved. The ash mantle, which is continuously recreatad, extends o the same height as
the nozzle openings, and creates between thesa openings local "insulation cushicns” in the
hearth, whesa passage cross-saction thus Secomes, as it were, an "mgon” ('where n is the
aumber of nozzles). Thus, the creation of cool zones between the nozzles is _:reve"tef‘
and this saems to contribute considerably to the Jaet that no tar escsrces thrcugh h

hearth even at a very low load.

The great adaptapility of the generator is a very important pregerty {rem an 2esncmic
viewpoint, carticularly during intermitient car operation and durirg generaizr gas ogers
ation of .zshmg boats, which sometimes must remain for hours with the moter éling.
Only with a V-nhearth has idling, in the strict sense, become possible in wcod gas cpera-
tion without decresase of the continucus maximum power. Thus, wocd gas cgeraticn wit!
widely varyirg load may be said to have taken a rather large step [crwvard.

Devices for Primarv Air Deiivervr

As mentioned in the introduction, in a few ceses primary air has Seen celivered {

above through a central air nozzie. This method, however, has a tencency 1o cause nang—

ing of the wocd around the air pipe and the nozzle. There have seen a 2w sxceptions

where the primary air has Seen ‘ed into the comoustion zene {rom Selcw thrsugn a cen-

el pipe running threugh the hearth; the pige is cepped by 2 nozle gart with a cicsed 10D

end and squipped with a numoer of -adial nozzle holes. The object of this cevice was 0
nd - To 0

orehear the air intenseiy; the principle of this procedure is, however, incorrect, in that
the heat is taken {rcm the heal-consuming reduczion zene.

{n most wood gas generators the primery air is fed in through a ring cf neczzles. eveniv
distrizutad over the peripnery at or immec! aten" eicw the lower ogening of the charring

funnel. and direarad =adially inward toward the neearth axis (Figures 33-74). Thuis system
is precaoly mest suitapie.  As Jor ccnducting ine air from the primary il intaxe 0 the
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nozzles, verious soiutions have been tried. In an Imbert generator the intake leads to a
distributicn chamber, frecm which air pipes, bent in an arch arounc the hearth, run indi-
vidually to each nozzle except for one which is directly connected to the distribution
chamber. This methed is hardly ideal; the air is not evenlyv heated and distributed, Welc~
ing a distribution mantle onto the outside of the hearth either with one air intake through
the generator case or with two opposite intakes, has also been tried. It hes been difficult
in practice to prevent eracking, due to thermal stress, in this design. A third methed has
been tried experimentally in connection with a V-hearth: air intake, distribution ring,
and heerth mantle were all cast in one piece. This design gave good results but is rela-
tively heavy. All the systems mentioned take more or less heat {rem the hearth, which is
incorrect in prineiple. In the last mentioned design, however, the quantity of heat car-
ried off is fairly insignificant. Preheating of the air is not sufficiently effective in any
of the tvpes mentioned. This could be improved by passing the primary air through a
heat exchanger belore the intake.

Figure 69 shows a design for primary air delivery used in one of the stationary generators

of the Swedish Generator Gas Co., made so that parts may be replaced without welding.

The air intake is placed at the top of the generator and opens out into an upper distribu-

tion ring, from which four primary-air pipes, evenly distributed around the periphery, go

downward near the inside of the generator to a nozzle ring, which is supported by a ring--
shaped shoulider on the inner mantle. The lower half of the fuel storage is double-

jacketed. The emitted gas flows through the ring space, which results in a certain

amount of heat insulation. In the upper part of the generater is a ring-shaped

ccndernsation-water pocket which drains to an cutside collector.

The upper distribution ring stimulates the condensation of water vapor derived from the
wood. No dangerous thermal stress occurs in the air-feeding devices, and the peripheral
primary-air pices promote practically no hanging of the wood in the fuel container. One
disadvantage is that the design is relatively heavy anc, therefore, suitable only for sta-
tjonary cr marine purposas.

There is no solid, scientifically documented basis for the chcice of the most suitable
number, diameter, and placement of the nozzles. Unfortunately, a systematic investiga-
ticn of these questions has been neglected and in the practical design one has had to try
to apply, at random, certain findings from experience. The operational results of genera-
tors designed in this way have been satisfactory in many ways, which seems to indicate
that the range for the best device does not have narrowly drawn limits. This is very
fortunate, because a narrow optimal range would certainly involve a very high sensitivity
of the generator to variations in load, moisture of the wood, etc.

Total Nozzle Ares

The relation between the total nozzle area (Am) and the smallest passage area of the
hearth (Ay) varies in generators with good operational properties within very wide limits,
between about 3% and 14%. It is customary to use high values for this ratio for small
hearth diameters and low values for large ones. This procedure (s based on the opinion
that there should be a greater air velocity in the nozzles of large hearths, and then
greater penetcating ability of the air streams towards the hearth center. Whether the
change of air veioceity in this way is really desirable or necessary has never been
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satisfactorily investigated, but for the time teing is merely an unproven assumption. In
reality, this procecdure may be seen as a result of the simple and inexpernsive method of
using the same nozzle device for several greatly different hearth diameters.

The Imbert generators, which were used during the war in very great numbers and which,
on the whole, had very gcod properties, used the nczzle devices shown in Taole 25. In
Table 25 corresponding data for the Swedish Gas Generator Co.'s SGB §30 mcdel genera-
tor, with a V-hearth, are given.

Tabla 25. NOZIL=ZS IN IMBERT GZMNERATORS

Hearth Hozzlea Yugber of A
Type Diazeter, Oiamecer, '\‘ et of 00—
Nozzlas '\‘1
= nm }
60 10 S 13.9
Spors 80 10 3 7.8
por= 90 10 S 6.2
100 10 S 5.0
100 12 b] 7.2
5C0/ 15 115 12 b 5.5
130 12 5 4.3
. <2/ 139 {2 b 4.3
55C/17 and 5330/1L 150 13 3 1.2
630 170 -— -— -
80 12 5 11,2
. PAS 100 12 5 7.2
(for cazs) 130 12 s 4.3
Tabla 25. NOZZLIS CF 3SWweDISd GEZNTRATOR GaS CO.'s
MODEL SG3 800 GENERAZCR WITH A V-dEaRTZ
dearzh Yozzlae wym: A
Vyzber of . -
Trpe Jiamecar, Diametar, ;oz:les ’OOT
= m 1
30 ) 3 -E
100 L2 3 .3
13 L2 8 3.7
563 600 15 12 12 10.2
' 143 12 12 o2
149 12 12 3.3
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The data of the tables are shown graphically in Figure 77, where the "theoretical” air
velocity Vo is Ziven at 0°C and 760 mm Hg in the nozzles with no regard to the design,
valid for a hearth load of 0.9 Nm3/cm hr on the condition of the primary-air consump~
tien being 0.6 NmS per Nm® prepared ges. The table and figure values are besed on the
follewing formulas:

Vy = 2.78 By (54)
9
100 = = 100 T (53)
= *n 5
A dhz
0.6 -V
VvV = h (56)

Ay = the smallest passage area of the hearth in em?

A = the total nczzie area in em?

dy = the nozzle diameter in mm

dy = the minimum diameter of the hearth in mm

Vy, = the "theoretical" gas velocity at 0°C in the minimum hearth cress section,
with no regard to the vclume of the charcoal, in m/s

V5 = the "theoretical” air velocity at ?°C in the air nozzles, with no regard to
contraction, in m/s

n = the number of nozzles

Bh = the hearth load in Nm3/cm2hr

At an assumed maximum hearth load of 0.9 Nm3/em?hr we get

Vh =z 2.3 m/s

max
v = 130
Drax 100 A/

As.shown in Figure 77, the air velocity of the SGB600 is consideradly lower than that of
the Imbert. The former was designed and used in operation of slow two-cycle engines, in
which the gas was sucked out in a pulsating manner; however, in operating four-cycie
engines the gas withdrawal hardly shows noticeable pulsation. It has been proven by
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practical cperation that, for such two-cycle operation, a consicerably icwer air velocity
than in four-cycle cperaticn may be used without impairing combustion.

The great variation shown in the graph, of Vm with the hearth diameter of Imbert type
generators, could probably be reduced considerably. Table 27, drawn up cn the hasis of a
proposal from Hesselman Motor Corporation Ltid., bears upon nozzle devices for Imbert
generators and is characterized by an even, mcderate 'nc:ease of the air velccity in the

nozzles with the heerth diameter.

The values of the two columns o the right in Table 27 are shown in the greon of Tigure
73. The values measured for the system evidently difler insignificantly {rom the contin-
uous curve.

ne nczzle devices of this system are suitable {cr an ImZzert type wocd gas generator
with an original hearth, which is used for operating four-cycle engines with many cvlin-
ders. Such generators have been tested in cperaticn where the original hearth has een
replaced Sy a2 V-heerth; good results have been obtained without changirg the nozzles;
thus a dimensioning similar to that shown in the table is certainly elso suitable for
Y-hearths curing cceraticn of four-cvcle engines with several cvlinders.
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Table 27, SUITABLI NOZILZS FOR WOOD GAS GENZRATORS FOR FOUR~CYCLE
ENGINES WITH SZVERAL CYLINDERS-=wITHIN PARENTHESES
SULTABLZ VALUES 7FOR OPERATING SLOW TWO-CYCLZ ENGINES

dh = Diameter of the hearth coastriccion
dm = Nozzle diazmeter
Ah = Area of the hearth coastriczion
a = 7otal nozzle area
a = “"Theoretical” air velocity in the
nax noz:leg duiing a hearth load of
0.9 ¥a~/ea‘hr
dh da An vn
- m a 1600 — aax
Ah n/s
70 10.5 3 6.7 . 22.4
(10) (3) (10.2) (l14,7)
80 9 S 6.3 23.8
(L) (9.5) (1s.8)
90 10 b} 6.2 24,2
: (12) (8.9) (16.8)
11 L] 6.05 24.8
100 (13) (8.5) (17.6)
12.7 5 5.6 26.3
120 (15) (7.8) (19.2
13.5 5 5.4 27.8
130 (16) | (7.6) (19.8)
15 5 S.0 30.0
150 (18) (7.2) (20.8)
7 14,3 7 4.95 30.5
170 (18) (7.8)  (19.2)
16 7 4,95 30.3
190 (20) _ (7.8) (19.2)
18 7 4.7 32.0
220 (22) (7.0) (21.4)
”- 22 7 4.65 32.3
3co (26) (9 (6.8) (22.1)
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Figure 78. Grapn of Suicable Nozzles for Operating

Four-Cycle Engines wizh Several Cyliaders.

On the other hand, in operating slow twe—cycle engines with {ew cylinders, it is desirable
to increase the nozzle diameter so much that Vg is decresased 0 aperoximataly two-
thirds of the values given for the four-cycle engines. The values suitabie {or two-cycie
engines and corresponding nozzle diameters are given in Table 27 within the parentheses.

Concerning the influence of air velocity on temperature in the combusticn zone of the
generator, it may be said that a decrease of Ve Oy using larger nozzies causes a decrease
of the maximum tamperature in the hearth; and that a hearth, weil insuiated toward the
outsicde, {unctions satisfacterily with a lower V m than an uninsulated heerta.

As for the ciameter of the nozzle ring (dJ) in relaticn to the diameter of the hearth con-
struction (dh), a series of vaiues from good zenerators are dotted into the graph of Figure
79; on the Bbasis of this dotted scale, a continuous mean curve is drawn. [n a similar way,
the diagram demonstrates the relation between the diameter of the nozzle—opening circle

(d,‘) and the smallest hearth diameter d,. The mean curve for this relation is dashed.
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MISSOURI OEPARTMENT OF NATURAL RESQURCES - DIVISION OF ENERGY CONVERSION TO ENGLISH UNITS
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Figure 78. Graph of Suitable Nozzles for Operating Four-
Cycle Engines with Several Cy1in§ers.

(Extracted from Figure 78, pg. 127, Swedish Gen-Gas Book)
mm converted to inches on the horizontal scale

The ratio. 100 %% corresponds to column four, Fable 27,
page 126.
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English units conversion from Figure 79 of the Swedish "Gen-Gas" literature
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Figure 79 Diameter of nozzle ring opening (see appendix "C") diameter in
relation to hearth constrictor ring diameter.
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Similarly, in Figure 80 there is e dotted scale elaberated for the relation between the
height above the hearih construction of the nozzle plane (h) and the diameter in the
hearth construction (dh). A mean curve is also drawn for this.

da
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1 | [

, 100 150 200 250 20
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Figure 80. Beight of the Nozzle Plane above the
Hearth Counstricsion for Various Generator Sizes.

Both these diegrams are based upon generatars of the Imbert type. If, from the two
mean curves, the voiume of the effective combustion space is calculated, consisting of a
truncated cone with the height h and the areas 7d*;:4 and wd2h=4, respectively, of the
two parallel surfaces, and if this volume is divided by the gas volume produced at a cer-
tain hearth lcad, the result for the antire generator family will be a time constant.

I, for instance, the generally assumed maximum hearth load of 0.9 Nm3/cm2hr is chosen
to be the cencminator, the result of the division determined by the mean curves will be
0.l second for all generators. This time is calculated, however, on the assumption that
the space in question does not contain any solid substances and that the temperature is
0°C. I, for example, it is assumed that charcoal takes up 0.6 of the total volume and the
gas then 0.4, ancd that the temperature is 1200°C, the real time will be merely approxi-
mately 0.01 s. Consequently, this means that the dwell time of the gases in the space
above the hearth construction is 0.01 s.

To date, no general rule for dimensioning of the hearth has been given in the specialist
literature. The dimensicning system put forth here—with the mean curves in Figures 79
and 80 as bases—is intended to make up for this lack. The system is based on an empiri-
cal foundation and gives satisfactory results. That dces not mean, however, that a
hearth with dimensions differing from the system must be, or probably will be, a poor
hearth. On the contrary, the system appears to allow for fairly significant deviations
without obvicusly unfavorable consequences; it does seem, however, that the ratio h/dy
should not be made greater than as shown in the mean curve of Figure 80.
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The part of the hearth Delow the narrowest saction should be mace a truncated cene,
with height dy and tne ovening diameter 2.3 dy. The increased passage ares cownward is
intenced to cause a considerable gas velccity decrease, and therebv an inersase of the
tUme that the gas spends in the presence of charcoal at a temperature higher than
acproximately 800°C. This is advantageous for aroducing maximum reduction. On the
other hand, the expansion must not be so great that the temperature at the cpening goes
below abcut 300°C, since the lower temperature to some extent seems o stimulate a
re=fcemation of CO,. The norms given above for dimensioning are values which have
given good results from experience.

Due to the considerdle drop in temperature, practically no reduction takes slace outside
the Rearth (see Chapter 2). Due to this fact, {t is unimportant wnether the space ~eiow
the hearth openirg is {illed with a bed of charccal or some other porous matarial (e.3.,
porous concrete) or whether it is filled with any material at all. In peactically all wood
gas generators in Sweden a bed of charcoal or porous concrete, resting on a shaiing,
grate, is placed at approximately the distance d.1 below the hearth opening and apprexi -
mately 0.5 d above the bottom of the generator. The spaces above and balow this grate
are made accessible {rom the cutsice by a relatively large ash pert. It is vital {or proper
operaticn of the generatcr that this pert be tightly sealed.

Peat Gas Generators

No special generater ce..1g-xs for peat gas operaticn were greduced in Sweden curing <
~ar. [n pract‘cal tests which were carried out on generator gas cperation with eet. fest
chareoal, or peat coka (briquettas) as fuel, regular gas generators for characal or woed
were used. Variocus operational disturbances were quite commen cue o tar zand slag
fermaticn. The main reason for the inferior results was that the peat used was of unsuit-
able quality with tco great ash content, and the tests seem o indicate that a satisfactorv
generator gas operation with peat as a fuel is not possible if the ash content cf the ceat
significently exceeds spproximately 2%. [n addition, the {uel must be celatively Iree
from peat dust, charcoal dust, and {oreign substances.

Judging from tests carried ocut Dy government authorities in Germany curing the war, it
appears that pest with low ash content could give satisfactory operation in vood gas
generators provided that the ciameters of the primary-air nozzles are {ncreasad so much
(on the arder of 30%) that the temperature in the combustion zone will stay Deiow le
fusing point of the ashes, approximately 1250°C. This test was carried out in an Imbert

generatcr with the smallest hearth diameter at (30 mm and with {ive standard 12-mm air-

nozzles. The gas cleaning system was thequsua.l cne witl wet cleaners and ¢=ric cieaners;
the cocler was a standard type with LI7T m~ cocling surisce.

This gas generater was first run {or two hours on an Opel-3litz tTuck whosa motor hac a
3.5-L evlincer volume and a 53-hp engine ceveloping peek efficiancy on gasoline at 3400
tom. The jeat size was 40-30 mm and the water ccntent of the Deat 20% 0 22%. With
t9e 12-mm air nozzles intended for wood. the hearth temperature Secame very nigh (over
1400°C) at which the peat ccka formation Secame :¢o small and the ccke 2urst into
sieces. 3v increasing the nozzle diameter t0 20 mm {whica invoived a owe:"n; af the
ramcerature in the combusticn zcne to 100°C) these cisacvantages were eliminatac:
acesrzing o iNe seports the generator rendered 2 practically lar-free gas. and ine

—h was
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peat-coke formation was so good that no charcoal had to be fed into the reduction zone
through the ports, even during extended operation. The composition of the gas was about
the same as in wood operation. The series of tests was completed with long distance
tests with a 3.5-ton Magirus truck, equipped with a 7.4-L diesel motor with 90-hp peak
efficiency during oil operation. The peat consumption with a 3-ton load on the truck was
approximately 10 kg/10km. The operational properties of the truck when using peat gas
proved to be good throughout, and the maintenance requirement was, on the whole, the
same as in wood gas operation. The gas ccoler had to be flushed every 1000 km and the
grate shaken each morning in order to remove dust and ashes from the reduction cham-
ber. Particularly interesting is the information that, during the tests (which ineluded
highway driving: Cologne-Eamburg-Lubeck-Berlin), no slag formation was observed in
the generator. Peat fuel with an ash content of approximately 2% and 20% to 25% mois~
ture was usec.

Unfortunately, no tests have been made in Sweden with a similarly reduced temperature
in the hearth, and therefore slag formation has not been overcome. In exceptional cases,
where peat coke very low in ash was used as fuel in charcoal gas generators, the slag
formation wes so insignificant (somewhat more than 1% of the coke weight) that satisfac-
tory continuous operation could be maintained.

Figure 75 shows a generator intended for peat, and the generator in Figure 76 is also
suitable for this fuel.
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A. Charcoal gas
apparatus for motor
vehicle.

B. Wood zas
apparatus for motor
vehicle.

U

C. Wood gas
apparn: 1g for
2-cyela ignitioa

bulb motor with
pulsator for bost.

Y

D. Wood gas
apparatus with
cloth cleaner

and preheating of
gas for motor
vehicle.

Figure 89. Schematics of Genmerator Gas Devices.
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. o On the other
hend, an undersized 3as ge2neratcr, which is chiefly characterized by too small a hearth
ares, results in good gas quality as a rule, but frequently also in constriction of the gas
flow and conseguently a drop in pressure and reduced maximum power of the engine. The
gas temperature in the generator mey, in such cases, sometimes become so high that
vital parts of the generator are burned; also, the increased gas velocity may increase the
ash ccntent of the gas produced to such an extent that the cleaning system is not able to
fulfill its function.

As shown in Chapter 4, "Shape and Design of the Gas Generator," the suitability of the
generater depends to a considerable degree upon its adaptability to variations in the gas
requirements during operation. This elasticity of the generator should be automatie,
although a manual adjustment of the gas generator could be conceivable if operation is
characterized by only two prenounced engine load conditions (full load and neo-load),
which is the case for some working machines such as fishing boats.

The automatic adaptability of the generator for varying loads is of the utmost impor-
tance for mecst mebile engines, which run under constant conditions only for short periods
of time. This elasticity of the generator is usually expressed as the relanon between the
largest and the smallest hearth load of the generator (N m3/hr per em? of the smallest
hearth ares) at which the gas velocity, according to experience, provides a satisfactory
gas quality and pressure for the engine, and at lcads which the generator can maintain
continuously. This is of particularly great importance for wood gas generators, where a
low specific hearth load may cause tar formation problems. Frequently, the rather great
moisture content causes & temperature recuction in the hearth, so that the ges quality is
lowered and the risk of tar formation is increassed if the tempcorature is not kept high by
e relatively high gas veloeity. For wood gas generators of an ordinary design (Imbert
types), the values L2 and 0.3 for maximum and minimum hearth load have been found to
be suitable. These values give a ratic of 4 as an expressicn of the elasticity of the gen-
erator. We may assume that the hearth load, which really is an expression Ior the gas
veloeity, cerresoonds acoroximately to the number of revolutions of tne engine. Thus,
the ratio of 4 denotes the approximate relation between the greatest and the smallest
number of revolutions of the engine ducing operation. It appears that tiis figure, espe-
cially for car engines, should be at least twice as large in order to attain fully satisfac-
tory intermittent cperation. As shown in Chapter 4, with 8 special hearth desxg'n
equipped with a V-hearth, about 0.9 maximum and 0.05 Nm /em*“hr minimum heerth load
was obtained during 8-hour tests, ccrresponding to a value of approximately 18 for the
elasticity of the generator. This would seem to indictate that adequately designed wood
gas generators may attain e fully satisfactory automatic adaptability for variaole operat-
ing conditicns. Continuous evaporation of wood moisture in the generator's fuel storage
(e.2., by a monorator or other similar design) <vould further improve the idling ability of
the wood generator. The idea that, dus to the type of fuel, charcoal ges generators are
in principie mere suitable for intermittent operation than acdeguately designed wcod gas
ganerators cannot be considered fcunded on fact. On the other hand, gas generators
operated with small chercoal lumps or charcoal dust have great advantages Cue to their
lesser weight and dimensions, when built into small ears and motoreyeles; also, the smal
grain size of the fuel gives a large reaction surface and, conseguently, greater reaction
ability than is the case for wood gas generators and charcoal gas generators for lerg?
size chareoel
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The design of ordinary wood gas generators makes it very important to carefully adapt
the minimum hearth area to the operating conditions of the engine. In the beginning the
generators were designed in a few sizes, with the size almost always given by the ocuter
diameter of the generator level with the air intake. A single minimum hearth area cor-
responded to each size. Practical experience, however, soon forced the manufacturers to
produce a whole series of hearth sizes for each generator size. Since the hearths were
worn out much faster during operation than other parts of the generator, the designers
tried to facilitate hearth exchange by special devices (Figure U7). In this way, several
small industries came into existence for production of replacement hearths with or with-
out an air intake, intended for exchange. These did not always contribute to the quality
of the spare parts. [n the exchange, however, an improved adaptation to the operating
‘eonditions of the engine could frequently be obtained. The exchange, however, required
“welding and other kinds of garage work, {requently causing inconveniently long interrup-
. ‘tons for operating the vehicle. The V-heerth, mentioned earlier, was in this respect a
- significant improvement, since the adaptation could be done in a few minutes by
. - exchanging a cast-iron ring in the hearth (Figure 118).

“Table 31 lists the most common sizes of generators. Some standardizaticn is also indi-
<ated.

Table 31. DIMENSIONS OF GAS GENERATOKS
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c
Figure 117. Spare Parts for
for mm Imbert-Type Wood Gas

GCenerator. Figure 118. Wood Gas Hearth

with Replaceable Hearth Ring
:;.E‘::::]_fon. of alloyed and Automatic Ash Insulatiom

B. Hearth come with air (V-Hearth).

intake and charring cone A. Changing the hearth ring.
to be connected to the B. Complete hearth wita
inner mantle. primary air intake and a

C. Complete inner mantle hearth ring placed inside.

wvith hearth and air intake. C. Hearth #ins (cast {ircm).
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Wl b 35 -

Table 32, taken from a gas generator catalogue for Scania-Vabis, 1942, shows the sizes of
gas generators on the market for the various engine types of the car manufacturers.

Table 32. THE SIZE OF GAS GENERATORS FOR VARIOUS TYPES OF ENGINES

tagine Geasracor Model Jesignation
c.um: v Pover vizh Quareoal Cas Yood Gas
Criinder Cyliader Gas Vesded Cosalize
1;7:: ;-ub;:‘:i Otasasioas Valume, at 300 o'"::"“' tagg~
- izs  cpm,lisec Cas Gen= lund &4 Wln Faswl-
.- ezacor Co. Soas, der -a
- . lae.
Q01 [ 110 X 138 .17 50 40 $=5 | <3 ] 13739 $Q/13 130/3Q0/170
1664 § 110 X 136 7.73% 73 130 S=7 Ke7 15/38 33/18 130/330/170
16661 [} 110 X 136 7.73 73 130 $=? R=? 13/33 38713 130/3%50/170
(11} [] 110 X 136 1.73 78 130 $=7 K=? 13/5% 35/l 150/%s50/17Q
oL 3 (10 X 136 10.34 100 180 3-8 X-4 - - 170/630/210

Bote: At a heavy load, 170 am croes section should ba used inszaad of 130 aw croes section.

Table 33 lists smaller types of wood gas generators for passengsr cars, ete.

- -7 Table 33. WOOD GAS GZNERATORS AND HEARTH
SIZES FOR PASSENGER CARS

Generator Size

Outer Diazerar st Air larake Bore Diamacer of the Heartch

400 =/ ' 60 om
400 am 70 mm
450 mm 70 mm
450 am o 80 am

As indicated by the type designations in Tables 31 to 33, the outer diameter of the gener-
ator at the air intake, the diameter of the hearth for the gas flow through and sometimes
the total height of the generator were usually listed. The fuel storage areas of the gen-
erators varied considerably in shape and size, depending upon how they were built and
what the operational needs were.

It is interesting that the number of hearth sizes listed in the tables incressed more and
more with experience, so that in the end there was a choice of a series {rem 33 mm up to
210 mm, with a 5= to 10-mm inerement {or the various diameters for the common sizes
(400, <50, 500, 350, 650 and 730 mm) of wood gas generators intended for engines from
20 to 200 hp. In many cases there was some overlapping of hearth sizes fcr two close
generator sizes. A 300-mm genercator, for instance, could have hearths up to 140 and
1S0-mm bore diameter; a 350~mm generator, hearths down to 130 and 140 mm diameter.

These adaptations were attained empirically and they were never tested theoretically.

The nature of the fue! with regard to charccal fermaticn and very intermitiant cperating
conditions could te of importance here.
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When the gas generator is adapted to the engine's gas requirement, it should be noted
that the gas requirement increases up to 70% if e supercharger is installed on the engine.

Adaptation of the Gas Generator to Various Enzine Installations and Uses

How the gas generator is built in is frequently determined from case to case. In this
chapter, the installation itself is not discussed (see Chapter 8); it should be done compe-
tently and in accordance twith safety regulations. In this section, adaptation of the gas
generetor refers to its design, with regard to the ways in which a certain engine or whole
series of similar engines are used and installed. For instance, weight, space, air resis-
tance, and aesthetic considerations are of importance in designing the gas generater for
automobiles; for tractors, boats and stationary engines, ete., certain technical require -
ments must be met.

Automobiles and Rail Vehicles

The adaptation of the gas generator to automotive operation is a complicated and diffi-
cult matter. No matter how competently a gas generator is installed in a car, it involves
considerable interference with the initial overall design. Therefore in the beginning of
the generator gas epoch, to simplify installation the complete gas generator was usually
installed on trailers; in this way, only minimal changes had to be made to the car. Fig-
ures 019 to 125 show various designs of such trailers. Some trailers were made self-
supporting, but others were designed as semitrailers with some of the weight resting on
the rear frame structure of the car. In the latter case some reinforcements were
required, but on the other hand, driving and backing, etc., were made easier.

— ﬁ' 4“‘___‘

*93. ;.,.""ﬁl-.q.-.l;.._ Y
Figure 119. Gas Generator Installed on a Trailer (Pivot Uni:)
of Lion Type.

Figure 120. Gas Generator Installed om a Trailer, Volve Type.
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Figure 264. Absorption and Occurrence of Carbon
Monoxide in the Blood.

A few examples may be stated. At 0.05% by volume CO in the air, provided the person
in question is sitting and not working, unconsciousness will set in after approximately
four hours in the environment mentioned. During ordinary walking (i.e., without heavy
work) the same degree of poisoning will be reached after two hours, and during regular
work after an even shorter time, 1 1/4 hours. Simple reflection indicates that such dif-
ferences must exist. The exchange between the inhaled air and the blood must, of
course, be faster during intensified breathing and faster circulation. This teaches one
important thing for taking care of poisoning cases, either imminent or already poisoned:
when taking the patient away from the poisoning influence, out into the open air, it
should be done as fast as possible, but without his active cooperation.” All exertion on his
part must be avoided. Preferably, the patient should be carried out from the dangerous
zone.

Table 51 shows how acute poisoning symptoms arise and develop according to the magni-
tude of the carbon monoxide content. Only after 30% to 40% of the hemoglobin is
blocked by the carbon monoxide do more serious symptoms develop.

First gid in case of carbon monoxide poisoning consists of the following:

L Move the poisoned person quickly out into the open air or to a room with
fresh air and good ventilation.

2. If the poisoned person is unconscious, every second is vaiuable. Loosen tight
clothes around the neck. Remove foreign objects from the mouth (false

' teeth, etc.) and immediately give him artificial respiration, if breathing has
stopped or is weak. As soon as possible, give him inhalation of Karbogen (a
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Table 5l. SYMPTOMS OF CARBON MONOXIDE POISONING

Z Sactura-
tion ¢f the Sy=zptonms
3lood wich
Carbon At Rest During Physical Exertion
Moacxide
0-10 None None
10-2C None During exerzicn, dizziness,
heart pounding, and difficulcy
in breathing may occur.
20430 Headazhe may occur. In case of exertion, pressure
) at the forehead. M{ld head-
ache.
30=40 Eeadache in the forehead or In case of exertion, dizziness,
back of the head, pulse fainting, possibly unconscious-
increase, heartbeat, nausea. ness are added.
40=50 All symptoms nore pronounced, nausea, vomiting, dizziness,
increased tendency for unconsciousness.
50-60 Ceep uncoansciousness with increased breathing and pulse rate.
60-70 Deep unconsciousness with slow pulse and low breathiag rate, pos-
sibly death.
70-80 Respiratory failure and death.

- . <
mixture of oxygen and carbon dioxide). Detailed instructions come with each
apparatus. Always see to it that the rubber bubble contains gas. If it
becomes empty, the poisoned person may suffocate. If there is no Karbogen
available, oxygen inhalation may be substituted as an emergency.
Watch over the poisoned person for the next few hours!

Do not expose the poisoned person to cold.

Always call a physician. An injection, preferably directly into the blood ves-
sels, of some stimulating substance (for instance, lobelin) may have a lifesav-
ing effect.

In case of mild carbon monoxide poisonings without unconsciousness the poi-
soned person should, if possible, be treated with Karbogen or, if this is not

available, with oxygen.
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Even in quite severe cases of poisoning, the effect of these countermeasures can be out-
standing. Figure 265 illustrates how the inhalation of Karbogen within approximately 25
minutes may lead to a "degassing" from 60% to 70% carbon monoxide content to as little
as 5% to 10%. I[nhalation of pure oxygen has the same effect within approximately 80
minutes* and is thus quite useful. Every nurse and health worker should learn to handle

the Karbogen apparatus.
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- —— " " oxygen + 7% carbon dioxide

Figure 265. Treatment of Carbon Monoxide Poisoning.

The question of whether medication should be employed is not so easy to answer. Since,
in every case, a physician should be called, he should judge the situation and take neces-
sary measures in the particular case. Finally, an appeal!

The person acutelv poisoned by carbon monoxide must be carefullv looked after even
after he seemingly has recovered. It has happened that after awhile victims once again
have fallen ill with serious symptoms.

With chronic generator gas poisoning, we encounter an entirely different picture of
symptom development and course. The symptoms, as it were, sneak up on the victim.
He becomes tired and uncomfortable, frequently irritable and touchy, less perservering
than before, has difficulty sleeping, and an annoying headache frequently sets in early.
The desire for intimate family life virtually dies out in many cases, and troublesome
frequent urination is not rare. Some eyesight disorders may arise, which, of course, are
of the utmost importance from the viewpoint of road safety. In addition, there are fre-
quently a number of rather characteristic, but not specific, mental symptoms or defects;
for instance, a striking impairment of the memory or the ability to concentrate and
learn. Also the temporal development of the symptom picture is to some extent charac-
teristic for this illness.

*Actually, the difference between the oxygen and Karbogen eifsct is
likely to be even less.
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Earlier. in the United States and Germany the diagnosis was meainly based on these symp-
icms: of ccurse. it aisc hed tc be established that there had indeed been conditions of
exdesire and cther ceuses of tie svmptoms had to be ruled cut. A diagnosis based on this
hds been suificient in the couniries mentioned for compensation under the legislation on
cuzalional disesses. Of course we were also obliged to resort to the same basis of
iagnesis in Sweden curing the generator gas epoch. This basis wes, however, later
sxparced in en objective direction. The occurrence of dizziness, welking disorders, etec.,
was an impetus to carry out the so-called oto-neurological test for diagnosis and judg -
ment. 1 & great nurader of generator gas cases this test was found positive, but it is not
speciiic [or cerbon monoxide poisoning. The occurrence of evesight disorders gave rise
to special eve examinations of the cases; in some cases such deviations from the normal
~ere proven, which most likely must be considered to indicate brain camage.

-
v
-~
o

Hypersensitivity to cardon ronoxide has also been established in many cases. Exposure
tesis Urequently were useful in determining this.

The mente!l svmptoms and impairment, mentioned above, resulted in the introducion of
psyehiatric evaiuation and testing, especially of cases difficult to appraise, with a view
to separete the real poisoning cases from primary or secondary common neurosis. ste. In
different ways atteinpts have thus been made to expand the objective diagnosis of
chronic carbon monoxide poisoning.

The treztment of the chronically generator gas poisoned must primarilv be directed
toward gatting them awey from the influence of poison. Change of environment hes
grovecd to De useful. It acpears that ceses discovered early, where there was no serious
damags, are fully capeble of working; not, however. in a generator ges environment. It is
very important that an opportunity for change in work be ereeted to a sufficient cegree;
this i5 2n important tesX for social workers in the clinies. Among other means of ther-
apyv, vitamin end insulin treatments have been tried and were possibly of some use. On
the whole there has been a good prognosis for generator gas poisoning if the vietim has
been removed from the influence of generator gas in time. Unfortunately, however,
there is £ small number of cases where serious mental disorders remained and for whnich
the f{ina! prognosis cannot be determined. In addition, cases with continued heart trouble
wzre found. -

The generator gas era of the war is now over. The stationary generator gas operations
still remain in industrial plants, ete. These conditions of chronic generator gas poisoning,
which were in existence even before the generator gas epoch when there were a great
many cases of the illness,remain. It is obvious that the experience with diagnosis, symp-
toms, ané prognosis from the generator gas era is relevant and helpful in treating carbon
monoxide poiscning, even during more normal conditions.

After Lcuid fuels became available the number of cases of generator gas poisoning
decressed consicerably. This faet must, however, not make us lose all interest in the
poisoning question. Generator gas preparedness requires continued research in the field,
keening in mind a possible new wartime use. To a limited extent, generator gas oper-
aticn is likely to ccntinue also after the war, especially in stationary form; there is then
a risk that such limited generator gas operation could cause proportionally more cases of
poisoning then durirg the time when everyone—motorists and others—were alert to the
risks. Fineily. ther2 are still chronic cases of poisoning that require continued observa-

tion anc zere.
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The Gas Generator Research Couneil has emphasized that after the changeover to peace-
time operation, to the extent that generator gas would still be used as fuel, an absolute
requirement must be enforced that there be protection against health hazards for all who
run the risk of inhaling gas. Al units should be subjected to an effective, obligatory
control, so that only types that are safe from poisoning are allowed to enter the market.
The Research Council is of the opinion that the control employed so far for gas genera-
tors has not been able to completely exclude less suitable types from the market. During
the first half of 1945, 230 vehicles were inspected because of police reports, 155 vehxcles,
i.e., 67%, were found to have faulty gas generators.

The Research Council recommends tightened regulations concerning both the inspection
of the gas generators and the right to bring a generator gas operated vehicle into a repair
shop. It is also the opinion of the Council that a central organization should be founded
that would have the authority to issue technical instructions, carry out testing, and take
care of technical safety-related activity based on the experience available.

Technical Aspects of Generator Gas Poisoning

Generator gas poisoning is often caused by technical defects of the gas generator. A few
things related to the risk of poisoning should first be pointed out about the funection of
the gas generator. When the engine is running, independent of the location of the fan,
the entire system is under negative pressure. If the gas generator is equipped with a
suction fan, the entire system is kept under negative pressure even during fanning, which
is why the poisoning risk through leakage is minimal. When using a pressure fan, the risk
of poisoning is different; the pressure fan system creates pressure in the generator,
cooler, cleaner, and piping. Consequently, if there is a leak at any point between the
generator and the engine, gas escapes during fanning and may cause pcisoning. If a pres-
sure fan system is used, the leakage possibilities must be carefully checked with regard
to the risk of poisoning.

When the engine is shut off, gas formation stiln goes on for a while in most types of gen-
erators and causes an increase of pressure in the generator. Evaporation of the water
which may be in the fuel or on the generator wall contributes to this. Sometimes, after a
wood gas fueled engine is shut off, a white or yellow gas can be seen escaping particu-
larly from the primary-air intake; in the case of charcoal gas generators the escaping gas
is not visible. The pressure increase after the engine is shut off lasts for approximately
20 minutes. Due to this it is not adviseable to stay in the ear during this time. For the
same reason, the gas generator should be allowed to cool for at least 20 minutes before
the car is driven into the garage. Tms is true when either suction and pressure fans are
used.

It should be emphasized that the gas formed during the "post-gassing time' has a carbon
monoxide content of 23% to 27% and is thus very poisonous.

The pressure increase during the "post-gassing time" is so considerable that gas leaks out
even from a tight gas generator (i.e., without real leakage points), for instance through
the filling opening of the gas generator. If there is leakage, the poisoning risk increases
because the gas leaks into the vehicle or underneath the engine hood and from there into
the driver's cab. Hydrostatic tests or leakage tests of the entire generator gas device
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ineluding its pipes should be conducted occasionally. During a hydrostatic test, the
entire gas g2nerator it pressurized. A simpler and more reliable method for detecting
leais is to use 1 smoke stick 2specially made for this purpose (see circular NR 335 of the
National Swedish Fuel Commission). It is particularly important that all welding on the
Senerator anc its piping is adequate. One common and dangerous defect is that the fiil-
ing Lc is not tight due to a faulty packing. Because of this, after the generator has been
left off a while, it may start burnirg like a stove. Air may also enter through the pri-
mary-air intake, if its flame guard and check valve are not tight, and the leak at the fill-
ing ld will then serve as a gas outlet. This is particularly risky with a car that is put into
a gerage, for instance under a living room. Some of the worst poisoning accidents in
Sweder. were caused by such circumstances.

A leaking pipe or hose, improper location of the secondary-gir intake, the fan outlet, or
the hot-air intake for heating the car body, as well as madequate ventilation of the
crankcasa may 2iso create a risk of poisoning.

Aspects of Industrial Hvgiene During Generator Gas Operation

In addition to what has been said concerning the risk of generator gas poisoning, the dif-
{erencas between a gasoline and a generator gas engine during starting and idling shouid
be recalied; these differences justify special garage regulations for generator gas cars.

The gas mixture that, during the sterting of a gasoline engine but before ignition, flows
through the engine and out through the exhaust pipe, contains practically no carbon
monoxice. On the other hand, the engine of the generator gas car is, during the often
proionged starting attempts, fed a gas that contains 20% to 30% carbon monoxide. Thus
it is obvious that starting attempts with generator gas inside a room must involve the
most serious poisoning hazards. During generator gas operation the exhaust gases of the
sngine generzlly contain a greater proportion of carbon monoxide than during operation
on gasoline and ars thus mere hazardous, especially during idlirg.

pnce a carbon monoxide concentration in the air as low as 0.02% to 0.03% (equivalent to

i m® generator gas in 1000 m3 air, and 1 m? exhaust gases from a generator gas ear during
zd.ing in 5060 m* air, respectively) involves a risk of poisoning, it is obvious that rather
rigorous garage regulations are justified for generator gas operation. It is necessary to
keep in miné that, in a garage, carbon monoxide is not evenly mixed with the air but
oceurs in layers or aress with considerably higher concentrations.

The requirements of the Labor Welfare Act for protection against unhealthy working
conditions have given the Labor Inspectorate an opportunity to step in and bring about
necessary ventilation in those garages that fall within the category to which this law
applies. Other garages, however, have not been controlled in the same way up to now.

The regulations that were applied earlier to ventilation of garages for gasoline operated
cars are now considerably more rigorous for premises which come under the Labor Wel-
fare Act, where a generator gas operated vehicle in a warm state is admitted to be
stored for a relatively short or longer time; i.e., garages, cargo spaces, and car repair
shops. {Also see Chapter 8.)
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It is very important to follow the regulations and directions for generator gas operation
carefully—above all those that aim at preventing generator gas poisoning. Not only for
one's own safety must the regulations and directions be followed; negligence in this
respect can also affect other persons and harm their life and health. Anyone who
through negligence or carelessness exposes another person to poisoning, be it of a mild or
serious nature, may be held legally responsible.

It is most dangerous to break the regulation not to ignite, fan, start, or run idle indoors.
Consider that the starting fan in one minute emits about 200 L carbon monoxide; i.e.,
enough to bring, in a 1000 m® garage, the carbon monoxide concentration up to a hazard-
ous level. The same risk also occurs during idling indoors; for instance in a small garage
of approximately 50 m3 volume, in less than a minute.

Many believe themselves to be safe by fanning, starting, etc., with the doors and windows
of the garage open or by first pushing the car halfway out of the garage. Experience has
shown, however, that such measures are far from satisfactory. Also, it is not enough to
lead away the fan and exhaust gases with a pipe or a hose that is put through the door or
the window without real extraction being arranged. During severe cold it is, of course,
most tempting to break the safety regulations; therefore, hazards are the greatest during
the winter.

However, it is not enough to follow regulations and directions. One must also think care-
fully for oneself, because the directions cannot cover everything. One great risk is that
anyone who works daily with generator gas is easily lulled into a sense of security, thus
belittling the hazards and perhaps thinking himself to be "less sensitive.”

One serious aspect of generator gas poisoning is that it shows itself in such a dramatic
way. Not much is needed to cause dizziness and unconsciousness, which may be espe-
cially disastrous if one is alone in a garage or car when the poisoning occurs, and cannot
get away from the dangerous environment without assistance. Therefore, do not work
alone for an extended period of time with generator gas!

Even if reasonable safety measures are taken, carbon monoxide may enter the car body.
Therefore, never sit in the car during fanning and air out the car body properiy after
fanning. If there are passengers in the car, it is the driver’s duty to warn the passengers
before starting the fan and to emphasize to them the risk they are running by remaining
inside during the fanning. This is particularly important in the case of a bus with perhaps
20 to 30 passengers, many of whom very likely do not realize the risk and do not notice
when the fan is started. Do not rely on the passengers reading the placard in the bus and
realizing the seriousness of the fanning hazard.

One common mistake during the fanning is to stand or work close to the car, even quite
close to the fan outlet or downwind from it. Due to the risk to other people, especially
children, the driver must not go away from the car during fanning, but neither should he
stand or allow another person to stand dangerously close to the car. Also, one should
avoid standing or working close to the engine outlet while the engine is running. The
exhaust gases from an idling generator gas engine contain 5% to 8% carbon monoxide and
are considerably more dangerous than the exhaust gases from a gasoline operated engine.
Loading and unloading of goods should never be done while the fan or the engine is run-
ning. Neither should anyone perform such jobs as changing tires, pumping tires, putting
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on chains, ete.. at that time; these are ell jobs which involve crouching quite close to the
cer.

Orne should also avoid fanning or starting several generator gas cars at the same time if
they are parxed close tc each otner. Excluding bus or truck garages, many cases of poi-
scning heve cccurred when severel generator gas vehicles that were parked clcse to each
other, were removed at the same time. Neither should one farn, start or idle generator
gas cers in narrow passages, etc., where the air stands still without sufficient supply of
fresn air. Tenning, idling, ete., underneath a protective roof or in sheds or barracks with
more or less open walls should also be avoided. People used to trust that the air
exchange in such "siry™ premises would be sufficient to prevent poisoning. However, that
is not the case, and the premises mentioned should be considered areas where fanning,
ete.,, must not be done. On the whole, fanning and starting during celm and especielly in
case of hazy weather ccnditicns is more hazardous than in clear weather with "clear” or
"lght" zir and some wind.

Another common misteke is to fan or run idle for a long time immediately outside the
open door to a garage or a workshop. The gases are then frequently forced directly into
the rocm with a risk for the personne! working there. Similarly, passengers or personnel
in a bus may be exposed to poisoning through fan or exhaust geses flowing from a genera-
tor gas vehicle parked beside the bus.

Carrying out repairs and adjustments on the car when getting ready to start may involve
Joisoning hazards, particularly during fanning. If a repair or adjustment has to be done
while the ges generator is warm, the fan should be shut off and the air given an oppor-
tunity to fiush around the vehicle before the job is started. If it is necessary to Lift up
the engine hood, one shculd not immediately lean in under it but first let the air fiow in
there. One should also avoid leaning down over the engine, especially if a spark plug has
been removed; in general, one should avoid leaning down over any part of the generator
gas davice when it is hot or contains gas. Neither should one carry out any repairs lying
on the ground deside or underneath the car while the gas generator is still hot; at any
‘rate. rieither fan nor engine should be running then. On the whole, jobs involving repair
or adjustments on the car or gas generator should, as far as possible, be conducted when
the gas generator is cold and, like the engine, properly aired out. With regard to "post-
gasification” it is necessary to assume that any living quarters situated immediately
egainst or above a garage or car repair shop have completely tight walls and roof as well
as effective ventilation.

Special attention should be paid to the role played by physical exertion in generator gas
poisoning. There are frequent reports of how cases of poisoning with mild symptoms
have taken a serious turn with dizziness and unconsciousness because of considerable
physical exertion, for instance running out of the garage, attempting to start the engine
with the starting crank, ete. This fact should warn us, when noticing the first symptom
of poisoning, to stay as calm as possible while evacuating the poisonous premises with

slow careful movements. :
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Medical Apperatus. Carbon MonoxiZe Indicators. Alarm Devices

The treatment with Karbegen gas (oxygen with approximately 7% carbon dioxide adced)
is carried out with the use of an inhalor equipped witn 2n inhalaticn mask; the inhalor is
connected to a Karbogen gas cylinder.

Carbon monoxide examinations can be done using various methods and with the use of
more or less sensitive indicators. The American indicators of the M.S.A. type used by
the Gas Generator Bureau are available in two models, a portable one intended for meas~
uring a possible quantity of carbon monoxide in the air, and a stationary model intended
for use as an alarm device to warn against carbon monoxide hazards in car repair shops,
warehouses, garages, etc. The measurement is based upon a catalytic combustion of
carbon monoxide in the tested air to carbon dioxide, by which the temperature increase
affects a thermocouple connected to a millivoltmeter graduated in percent by volume
carbon monoxide. With this method it is possible to accurately read as low a carbon
monoxide content in the air as 0.002% by volume.

Another type of carbon monoxide indicator, the Drager model, makes possible an accu-
rate reading of carbon monoxide in the air as low as 0.003% by volume. This indicator is
also based upon catalytic combustion, and the carbon monoxide content i3 read on the
cngle ‘=¢ a mercurv theemometer. This device can also be used as an alarm device if
piatinum points are mounted into the thermometer in such a way that the mercury col-

urn will close the cun-e'vt between the platinum points at a certain content of carbon
monexide.

Still another indicator is based upon the iodine-spent oxide method aceording to the reac-
tion: SCO+[40; = 5C04+*1y., If the air sample is sucked through the device with a veloc-
ity of approximately 200 em*/10 min, an estimate of the carbon monoxide content can be
made with an accuracy of at least 0.003% by volume.

In order to detect carbon monoxide in a room, the palladium subchloride method mav be
used, in which a drop of water, preferably distilled, is placed on a sheet of paper impreg-
nated with palladium subchloride. If the air contains carbon monoxide, & brown ring is
formed around the water drops. The time it takes for the ring to become visible depends
upon the carbon monoxide content of the air. The following contents can be determined
reasonably accurately:

L Thering visible after S~l0sec” . . . . . . . . . 0.30% CO
2. Thering visible after 30seec . . . . . . . . . . 0.20% CO
3. Thering visible after 3min . . . . . . . . . . 0.03% CO

This method may aiso be used by placing a solution of palladium subchloride and salt in
water in small porcelain bowls in the room whese air is to be examined. After 12 hours or
24 hours the bowis are inspected. In case of very small carbon monoxide content a dark
brim is formed around the liquid surface. [n case of higher contents of carbon monoxide.

however, a glassy film of the metal pallacium is formed on the surface of the contents of
the bowl.
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An estimate of the carbon monoxice present in the air may aiso be made by mearns of the
abscrprion metfod. Tha2 gas-air mixture is passed through e solution of L7 g silver
nitrate, 36 em” of 10% emmcnia water and 200 em® 3% sodium hvdroxide in 760 em
distilied water. The carbon monoxide content of the air may be determined by measuring
the quantity cf the gas-air mixture supplied and the time that is required for a certain
deposit of silver nitrate. In this method a definite coloration of the analytic solution
-esults and the time necessary for it is measured. If the apparatus is well designed, it is
dossidle to estimate the cerbon monoxide in the air with this method in the regions of
about 0.01% by volume. :

The Gas Generator Bureau has had the opportunity to examine some carbon-monoxide
indicators manufactured in Sweden; however, none was considered adequete.

Nationel and Local Government Measures

The National Ges Generator Committee appointed on November 10, 1939, shortly after
the outbreak of war, had among its duties the {following:

. L To undertake necessary examination and tests to improve the technical condi-
tions for gas generator operation;

2. To supply advice and directions in order to have only technically edequate gas
generator units manufactured and to have the installation of the units man-
aged in a satisfactory way;

3. To sarrange, within the limits of available funds, educational courses for
assembly and meintenanes of gas generator units as well as for operaticn of a
vehicle equipped with such a unit.

In the instructions to the National Swedish Fuel Commission on June 14, 1940, there is
only e general statement about gas generator matters that it is the duty of the commis-
sicn "to handle questions concerning gas generators for motor operation." Among these
mstters should be mentioned: "combating the increase of poisoning accidents involved
with gas generator operation." Since, at this peint in time, no other authority was in
charge of these urgent meatters, which were beyond the Commission's main task, the
Commission had to take care of this through the Gas Generator Bureau which started its
work on July 1, 1940.

. In the fall of 1940, the Commission initiated a permanent cooperation between the Gas
Generator Bureau and various medieal and social institutions and in December 1940
founded the "Medical-Technical Committee for Generator Gas Matters." This Commit~
tee was a par: of the Fuel Commission and its members were the technical director of
+he Gas Generator Bureau, the director of the Swedish Institute of Public Health and one
more representative of this Institute, two representatives from the National Swedisn
Board of Heslth, two from the National Swedish Social Welfare Board, one from the labor
organization, as well as Associate Professor Ernst Salen as a representative for
Sebhatsberg’s Hospital and one expert in the field.
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APPENDIX A

When designing a wood gas generator, the hearth diameter (dh) is the critical
value to estimate gas production rate. Many of the other dimensions such as

grate height, nozzle areas, etc. are ratios of dj.

This section will develop an estimated value of dn for a given load of a
hypothetical internal combustion, spark ignition, four cycle engine. To
check our calculation the engine will be selected from the Swedish Gen-Gas
for which the design work has been accepted. From this exercise you will be
able to use the same equations and procedures to size a gas generation for

your particular engine.

Two design parameters were developed in the Swedish Gen-Gas Book by -experimental

methods that will be used here. These are:

-- . -

3 3/mi
1. Maximum Hearth Load (Bp) = 1.2 gméh %4-551:2B‘ﬂ“1"-3

This is actually an expression of the velocity of the gen-gas

through the hearth restrictor ring area (page 166).

2. Air/fuel ratio is 1:1, or 50% of the fuel charge is gen-gas, 50% is

intake air (page 165).
The selected exemplary engine is:

Bore 110 p, = 11 cm (4.33 in)
Stroke 136 mm = 13.6 cm (5.35 in)



2
Displacement Volume (V) =7Z%— x stroke x number of cylinder (Eq. 1.)

2
V(metric) = ML= x 13.6 = 1,292 cm® x 4 cylinder = 5,168 cn?
2
V(English) SZZQL{}QEQ—- x 5.35 = 78.8 in3 x 4 cylinder = 315.2 in3

4 ty]inders, four-stroke cycle

RPM = 2,300
This engine is described as the first entry, table 32, page 169.

The engine requires fuel flow as estimated from the following equation.

charge = 0.5 gen-gas 60 min. _
—ev. X charge X =p fuel fiow (Eq. 2)

V(displacement volume) x RPM x

» n 1] i
The factor-f%%%?g is necessary for a four stroke-cycle engine. For a two

stroke-cycle this factor would be 1.

- . -

Putting actual values in Eq. 2 gives the following values.

rev. charge 0.5 gen-aas 60 min. _ 6 ¢
(Metric) 5,168 cm® x 2,300 £t x FTOAS x SSEEESS x50 178 x 106 ¢

(English) 315.2 in3 x 2,300 [3¥- x gharee , 0.5 gen-qas , €0MIn. . 15 g7 , 106 ;L

min. * 2 rev. charge hr.
ind 3 £.3
- 6 i hr. ft.
Reducing - 10.87 x 10 *ﬁr X g mns X T8 103 = 104. 9 m1n

Previously we identified By as a ratio of fuel flow to hearth restrictor area
(in.z), i.e., cubic feet per minute/square inches that was experimentally
determined to be 4.55. Using conventional (English) units, the values now at

hand can be calculated:




_ ft3/min (fuel flow)

B = ind (hearth area) = 4.55

or Hearth area = lgﬁg% = 23 in

Area = Ardy® = 23.
T

Solving for dy, = 5.4 in. diameter

This compares favorably with the value given in table 32, page 169 for this
engine of 130 mm (5.12 inches) for the Imbert model gas generator. Therefore,
the preceeding methbd can be used to calculate as a first estimate the diameter
of the hearth restrictor ring. The gas generation should be fabricated so
restrictor rings can gasi]y be exchanged. If the size first used is not

satisfactory, a slightly larger or smaller ring diameter can be tried.



APPENDIX B

The second critical dimension is the total area of the air intake nozzles. On
page 127, Figure 78, we find the values of Ay (total nozzle area) for various

sizes of Ap (hearth area).
In our example, A, = 23  From the graph, Figure 78, we read:

100 Mm - 5.2

o

Ap = 255523 = 1,20 in2

1.20

If we design for 6 nozzles, then —g—— = 0.20 in2 should be the area for each

nozzle. Refepring to a standard pipe size table we find 3/8 inch pipe has an
¥

area of 0.19 in2

,» which is a good selection. It probably would be advisable
to vary number of nozzles and pipe sizes to come as close to the required

area for other values of Ag. (Refer to Table 3 on page B-1)
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Table 3. Physical Propertes of Pipe® : Y . "
Grianell Ca., Inc.) %

. Sehedule Wall s Sqfs | Sqft . Waighs Moment , Radl:
Nosinal sumbert wick- | LD, | lotide | Mol | ouisida| inside | WM | of wyrer of JSeetion | o0
B Dess. i rey . | surface.| surface. par (8, ipertis, cuius, i
0.D. is. . b . ia. 0 is. 0318 | parfs | perfs b b in.é in.} ui:'u.
M [ ] 0.049 | e.307 | o0.0740 0.0548 | 0.106 | 0.0804 0.186 0.0321 0.00088 0.00437 | @8.1271
0108 40 Sud | 408 0.048 | 0.249 0.05¢8 0.0720 | 0.106 { 0.0703 0.243 0.0246 0.00106 0.00525 | 0.121$
* ) X5 s 0.09%} 0.215 0.0364 0.0925 | 0.106 ) 0.0%6) 0.313 0.0157 0.00122 0.00600 | 0.1146 -
v 108 0.065 0.410 0.1320 0.0970 | 0,141 | 0.1073 0.330 0.0572 0.00279 0.01032 0.1694
0340 ] Sud «S 0.088 ( 0.364 0. 1048 0.1250 { G.141 | 0.0938 0.428 0.0451 0.0031 0.01230 | 0.1623 -
* 80 Xxs 3 0.219 ] 0.302 0.0716 0.1574 ) 0.141 | 0.079¢ 0.538 0.0310 0.00378 0.00393 | 0.1547
TSR TP BT 103 Q.065 | 0,548 0.2313 0.1246 | 0.177 | 0.1427 0.423 0.1018 3.00%3¢ 0.01737 0.216%
o678 40 Sud 408 0.091 0.493 0.1910 0.1670 | 0.877 { 0.1293 9.568 0.0827 0.00730 0.02140 9. 2090
82 Xs son 0.126 | 0.423 9.1408 0.2173 | 0.127 ] 0.1106 0.739 0. 0609 0.00862 0.02554 | 0.1991.
R 103 0.083 [ 0.474 0.357 0.1974 | 0.220 | 0.17¢8 0471 . 0.1547 0.0t431 0.0341 0.2692
[y’ 40 Sed 408 0.109 | 0.622 9. 304 0.2503 | 0,220 | 0.1628 0.851 g.i318 g.0i710 9.0407 Q.2613
0.840 [} XS 88 0.147 { Q.348 0.2340 6.320 0.220 | 0.1433 1.088 0.1013 0.02010 0.0478 0.2505%
- 160 e 0.187 ] 0.4 0.1706 0.383 | 0.220| 0.1220 1.304 0.0740 0.02213 0.0527 0.240T
XXxs 0.29 | 0.252 0.0499 0.504 0.220 | 0.0660 1.714 0.0216 0.02428 8.0517 0.219%. .
. 38 0.065 | 0.920 0.465 0.2007 ) 0.275 | 0.2409 0.68¢ 0.2882 0.02451 0.0467 0.349
ceeea 18 9.083 0.884 0.614 0.2521 ] 0.273 | 0.2314 0.857 0.2661 0.02970 0.0566 0.343 »
% 40 Std 408 0.113 | 0.824 0.533 0.333 | 0,275 | 0.2157 1.13) 0.2304 0.0370 9.0706 0.334
1.089 30 X3 [ 1) 0.154 | 0.742 0.432 g.438 0.22% ! 0.1943 1,426 0.187% 0.0448 0.08%3 9.321 -
: 160 a.2i8 | 0.4i¢ 0. 2% 0.570 | 0.275 | 0.1807 1.937 0.1284 0.0527 0. 1004 0.304 %
xxs 0.308 ] 0.434! 0.1479 0.718. | 0.275 | 0. 1137 .44 0.0641 0.0579 0.110¢ 0.284
- 58 0.063 | t.188 1.103 0.2553 | 0.344 | 0.310 0.868 0.478 | 0.0500 9.6758 Q.443 7
108 2.109 1.097 Q.94 . 0.413 0.344 { 0,2072 1,404 8. 409 0.0757 0.1151 0.428 %
1 « Sud . 0.133 ) 1.049 0. 364 0.494 | 0.344} 0.2746 1.679 0.374 0.0374 0.i329 | 0.42i;
1.318 80 Xs 308 0.179 | 0.957 0.7:9 0.63% | 0.344 ] 0.2520 2.112 0.311 0.10%6 0.1606 ‘ 0.407
160 0.250 | 0.815 0.512 0.83% 0.344 i 0.2134 1.84¢ 0.2261 ¢.1252 g.1903 1 9.387
. Xxs . 0.358 ; 0.599 | 0.2818 1.076 | 0.344 : 0.1570 3.659 0.122} ! 0.1405 0.2137 | 0.281.
8 0.065 | 1.530 1.839 0.326 | 0.434 | 0.40¢ 1.107 0.797 0.1038 0.12%0 0. 56
13¢ 108 0.109 1.442 1.433 0.531 0.434 | 0,328 1.80% g.707 0.1608 0.1934 0.550<-
1 .400 «0 Sud , 408 0.140 1.380 1.49% 0.66% | Q.43 [ 3.381 2.273 0. 848 0.1948 0.234¢ 0. 540
[ ] X3 808 0.1 1.278 1.383 0.381 0.434 ] 0,338 2.997 0.333 0.2418 0.2913 0.524

g
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APPENDIX C

Two other dimensions are important. The spacing of the grate below the

restrictor ring is about one ring diameter, or 5.4 inches in our example.

This dimension is not too critical.

The height of the nozzle Tocation above the hearth restrictor ring is

obtained from Figure 80, page 128. With a dy of 5.4, the factor is about
0.9. Therefore:

0.9 = a% or h = 0.9 x 5.4 = 4.8"

LT
(] %:

¢
%]

The nozzle opening circle diameter (dr1) is obtained from Figure 79. For

this example, for a hearth diameter (dy) of 5.4, we pick off ggl = 1.85 or
h
dry = 5.4 x 1.85 = 10 in,



APPENDIX O

An estimate of the probable horsepower developed by our engine can be calculated

within reasonable accuracy.

From Appendix A - fuel rate was 104.9 ft3/m1n. The heat value is estimated
at 150 8TU/ft3, but this value should be confirmed if possible by testing a
sample.

By definition, 2,545 BTU's equals one horsepower at total conversion.
This engine probably is 20%-25% thermal efficient, say 22.5% as an approximatior

Then:

3 ,
104.4 ft 150 BTU's . 60 min, HP hr. -
-—ﬂ-ﬁT X T X T X .225 eff. x W 83 HP

The manual rates this engine at 80 HP, so our calculation accuracy is reasonabil
Addendum

Although the Swedish Manual refers to a 50% reduction in power output using

gen-gas compared to gasoline, theoretically the value should be higher. This
is dependent upon the heat value (BTU) of the gas, timing adjustments, engine
conditions, etc. Theoretically, the air/fuel ratio should be closer to 1.5:1

than the 1:1 suggested in the manual. This should be confirmed by experience.





