

















PREFACE

In placing before the American industrial world the following chapters, the
author desires to make clear his position.

Where he refers to or describes processes, apparatus or inventions operating
under patents or otherwise, he has done so merely to explain the predominant
systems and illustrate the respective types of apparatus and appliances which are
in successful operation at the present time.

He in no wise specially recommends any apparatus or instrument herein described
or referred to, but places before the reader its description, method of operation, or
other data for the purpose of giving information and drawing comparisons. To do
0, it was necessary to select from the great variety of apparatus at present manu-
factured, certain examples which might reasonably be assumed as typical of the
class which they respectively represent, and which, as nearly as possible, embody
and emphasize the characteristics of that class.

It is with the urgent desire to maintain an impartial attitude and to narrate as
accurately as possible, without prejudice or undue influence, the various features of
gas engineering at present in vogue in the industrial field, that the author has written
the follewing volume.

It has been his desire to, as nearly as possible, avoid strictly scientific and
technical language, to put before his readers in simple style producer-gas engineering
practice, as applied to everyday operations upon a practical and commerecial basis,
omitting any theorizing and laboratory results unsuited to actual commercial and
manufacturing conditions.

It is his desire to make this handbook readable to the engineer, operator, and
promoter, and to this end he has attempted to present in simple and elementary
style the various subjects herein contained.

Trusting that the work will be accepted in the spirit here outlined, he sends it
out for the consideration of the American industrial world.

NisBeT LaTTA.

New Yorxk, January, 1910.
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PRODUCER GAS PRACTICE

CHAPTER 1
PRODUCER OPERATION

THE general theory of gas producers and the historical as well as typical designs
have been already fully treated in other works, so that they will not be dwelt on
here. Rather will the practical features of producer design and operation be enlarged
upon as being more in the province of this handbook. The operation of the several
pieces of apparatus employed in making producer gas will first be taken up, to be
followed by descriptions of producers at present in general operation in this country.

In spite of the vast number of gas producers now in the market, and the dif-
ferent methods of operation, the fact remains that there is but one common factor
of importance, and upon this hinges the successful operation of the producer, regard-
less of its other accessories, methods or attributes. This may be briefly summarized
under the term of ““ stoking’ or the maintenance of a compact fire bed.

Fuel Bed.—To complete the gasification of coal in a producer it is necessary
that all the air admitted into the producer be brought into contact with incandescent
carbon, and to this end the one feature to be poignantly emphasized is to maintain
the fire bed compact.

That is to say, either by stoking, hand, mechanical or in * compressed gas shots,”
the condition of the bed must be maintained homogeneous and free from rivers,
chimneys or channels, through which air or steam may pass undissociated to the
top or bottom of the fire, depending upon the direction of draft.

To a lack of attention to this principle is due 909, of the troubles met with
in the maintenance of constant service and a continuity of a fixed or uniform gas
of constant value.

The fire should be barred down, stoked, coaled, or otherwise made compact
at such intervals, depending upon conditions of fuel demand, capacity, ete., as will
absolutely ensure this condition. For, failing in such attention, it may be assured
that two things will happen. First, that the air or steam passing through incom-
pletely dissociated will form a gas high in carbonic acid and free oxygen and of a
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lean and irregular character. Second, the free oxygen passing through the fire and
meeting the finished gas will produce secondary combustion on top of the fire or
distillation zone and consume the gas actually manufactured within the producer,
with a tremendous resultant loss in both gas and through radiation, besides having
an extremely destructive effect upon the producer itself.

It may be noted, therefore, that when an up-draft producer is burning very
hot on top, as indicated either by looking through the stoking-holes, side cocks, or
by the use of a pyrometer, that it is an invariable sign that air is sifting through
the fuel bed, which has become ¢ honey-combed ’ or has had a fissure broken
through, and that this air is causing combustion of the gas inside of the producer.

This is particularly frequent where an exceedingly thin fuel bed is run and
also with fuels possessing large voids, such as coke and the largest size of anthracite
or run of mine coal. These coals require closer attention in order to maintain uni-
form gas and constant conditions of operation.

Anthracite suction producers using pea or nut coal are found to run most
efficiently upon a fuel bed approximating 30 inches in depth. The depth of a fuel
bed must, however, necessarily increase with the size of the fuel and its consequent
voids.

For bituminous fuels however a 4-ft. depth may be said to constitute a practical
maximum, the best results being found at this depth, while a greater depth renders
stoking extremely difficult.

Coke may get under some conditions a foot deeper by reason of its light weight
and small tendency to bed or pack. For this same reason, together with its large
voids, coke should be crushed to the size of ‘a nut coal mesh before being used in
the producer.

The producer fire should be examined at intervals, never exceeding one-half
hour in length, for from its color and degree of temperature the condition of opera-
tion must be regulated. One of the dangers of mechanical stokers arises from the
fact that there is a tendency on the part of the inspector to be too long between
observations or inspections.

There can be no fixed rule for regularity of interval or periodicity in stoking of
coal in producer work, especially of an arbitrary nature. The items to be observed
are these:

The producer should be coaled at sufficient intervals to maintain a constant
depth of fuel. This depth depending upon the size, type of machine, nature of
load and load factor, and class and quality of fuel.

The stoking or poking of the producer should be at sufficient intervals to keep
the fuel bed absolutely compact.

The cleaning of the producer should be at such intervals as shall remove from
the fire the objectionable amount of clinker or ash, and the intervals must be deter-
mined of necessity from the character of the fuel, nature of the load, and the relative
capacity of the machine.

Great care should be observed in both barring down and removing clinker,
to preserve the linings from any unnecessary erosion or violence. Any carelessness
in this operation will reduce the life of the lining 7569, or 80%.

Where clinkers are severe they may be removed by running up the heat of
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the apparatus, i.e., by increasing the draft and cutting off the endothermic agent,
even where it is necessary to exhaust the resultant gas through the purge pipe.

Clinkers thus softened may be more readily barred down. Care should also
be taken to slowly work the clinkers out of the ash bed, or, as this is generally termed
by workmen ‘ sneak them,” for if withdrawn too rapdily or carelessly a quantity
of good fuel will be drawn with them and lost.

The regulation of the producer depends more particularly upon the use and
admission of the endothermic agent. Where flue or exhaust gases are used for
this purpose its satisfactory balance will be found to obtain automatically; that
is to say, that the proportion of exhaust gases remaining maintains an equal ratio
with the demand or withdrawal from the producer, the process being that of a cycle
and it is merely necessary to establish such proportion to have it automatically
maintained.

For the use of steam or moisture, however, the process is more complicated
and requires more constant attention. The amount increases directly with the
load or demand and conversely decreases. It is the custom of the writer to admit
just sufficient amount of the endothermic agent to maintain the clinkers in a tract-
able state and to preserve the lining of the producer from excessive heat.

This point can be determined only through experiment, and the observation
of the heat, the color of which will soon be learned by the operator. In other words,
it seems expedient to run a producer as hot as is possible without the formation
of excessive clinker or destruction of the linings. Usually the white lights visible:
in the fire and around the linings at high temperature mark the danger signals,
and the heat should be maintained just short of their appearance.

Heat Recovery.—Preheating of the primary air, as well as the secondary air
in producer work, is of prime importance where such heat is recuperated from
waste heat. It would at first appear incompatible to add sensible heat to the fire
of the producer, inasmuch as the total producer reactions are so strongly exothermic
as to require some endothermic agent, such as steam or CO; for the regulation of
the fire bed temperature. Further study however will show that where this heat
is added a larger portion of the endothermic agent may be used and distilled or
dissociated, and this increase may be said to transform the sensible heat restored
to the producer into the latent heat of a potential gas, thereby greatly increasing
the volume of potential gas given off by the producer; or, in other words, increas-
ing the manufacture of potential gas per unit of fuel, the function of the sensible
heat restored through the form of primary air recuperation is almost identical with
that of the sensible heat evolved from the fuel itself.

As has been stated elsewhere, one chief difficulty with water seal producers
is the inability to regulate the depth of the fire bed. This difficulty varies between
two extremes. First, an excess of depth, which tends to make the stoking of the
fire mechanically impracticable. Second, a deficiency of depth which causes a
channeling of the bed and an increase of CO; from (a) a combustion of CO to COq
within the producer on top of the fire, due to the passage of undissociated air or
free oxygen through the fire in chimneys or channels; (b) lessening of the time con-
tact in passage of gases through the fire, and hence for the consequent secondary
reaction of COz to CO; (c) a less distillation due to reduction of heat and a depth
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of distillation zone, and moreover an intense heat localization, due to the condition
(@) and a consequent destruction of the producer linings, and the fluxing of fusible
ash, forming clinker.

This phenomenon is so well known that it is the practice in operating the
soaking pits in many steel mills to lower the fire bed for the purpose of increasing
the COz and thereby obtaining an elongated and slow combustion gas flame within
the furnace or soaking pit.

It will be manifest that this condition is obtained at an immense expense or
waste of fuel, and where such an arrangement is necessary it is much more eco-
nomical to add to the finished gas or secondary air a certain percentage of flue gas
(from 3 to 129, depending upon the temperature, a larger amount being required
for higher temperatures of flue gases), and thereby obtaining the retarded or vol-
uminous flame. The principle involved in this is described elsewhere at greater
length.

The experiments of Euchene go to show that 22.39 of the heat value of the
fuel is used to bring up the sensible temperature of effluent gases. In many instances
a certain portion of this temperature is recuperated in the manufacture of steam
and through its medium returned to the producer. In any event, however, the
importance of direct connection between the producer and the furnace will be obvious,
as well as the insulation of the connection which is best accomplished by lining with
fire brick, the fire brick being separated from the steel shell in the manner exactly
identical with the method in which the producer itself is grouted. In connection
with the above Butterfield states: ‘ The sensible heat of the effluent gases aver-
ages from 1400 to 1500° F. under ideal conditions. This sensible heat absorbs
theoretically 17.29,, of the total heat of the fuel liberated, or about 2500 B.T.U.
per pound of carbon.”

Where the sensible heat of the gas is utilized for steam generation, as is usually
«done by running through a tubular boiler, such admission should never be of the
“ down draught ” type, but the gases should enter at the bottom of the boiler or
water leg. This is for the reason that the hot gases, when entering at the steam
chamber or dome tend to burn out the tube sheet or erown plate, whereas, when
entering at the water leg, the tube sheet is protected by its water content and the
gases are considerably cooled before reaching the crown sheet; moreover, the change
of temperature is more gradual in the tubes themselves with less resultant movement.

Efficiency of Producers.—The thermal efficiency of producers for transformation
of the latent heat of the coal into a potential gas for fuel purposes, recovering the
losses through radiation, ash, jacket water, sensible heat, etc., average for multi-
unit down-draft types approximately 85%,. TFor up-draft types on bituminous or
lignite coal where tar is extracted (the efficiency varying according to the tar and
resinous content in coal) the efficiency is approximately 609%. For down-draft
apparatus on anthracite coal approximately 80%. These figures vary widely, but
give some approximation of the usual practice.

In the use of lignite and low grade fuels containing a high moisture elerient
(approximately say 18% or above), by the heat absorption and combustion of
which, together with the low flame temperature (partly due to a high neutral ele-
ment), an extraneous endothermic agent is rendered unnecessary.
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It must be remembered that the efficiency of the apparatus is rendered rela-
tively lower by reason of the fact that theoretically some 17.29; (see Butterfield),
and practically 22.39 (see Euchene) of the heat units of the fuel is absorbed in
raising the effluent gases to their temperature of exit, together with the robbing
effect of the aqueous vapor which they mechanically entrain.

Under ordinary conditions a portion of this sensible heat is recuperated, either
by manufacture of steam or by the sensible temperature of the products of com-
bustion, the heat being returned and restored through one or the other of these
mediums.

Where there is no endothermic agent required, however, the sensible tempera-
ture of the effluent gases for power purposes at least are not recuperated, and such
temperature becomes a total loss.

To offset to some extent this condition it will be manifest that the fuels named
can be most efficiently gasified in (¢) an up-draft producer, () a multi-unit pro-
ducer in which the first unit is up-draft, and the second down-draft, the flow of gas
being reversed for the following reasons:

In this arrangement, by carrying a relatively deep fuel bed the effluent gases
from the combustion, dissociation, and distillation zones pass upward through the
green coal and are relieved of their sensible temperature in some degree in a partial
heating of the charge, the result being that such charge is gradually brought up to
the point of ignition before it reaches the combustion zone and is delivered pre-
dried through the agency of the sensible heat thus extracted.

As a matter of fact this is only a relatively efficient method of recuperation,
inasmuch as the green charge in the producer, which is rich in moisture, abstracts
from the fire a certain quantity of heat through conduction. However, the largest
portion of this pre-drying or pre-heating comes from the sensible temperature of
the gases passing through it on their escape from the producer.

The above, suggesting the pre-heating of fuel by the up-draft of the effluent
gases, embodies to an extent the principle of “reversed currents’ which is most
efficient in heat transference and is extensively met with in the various conditions
presented by gas manufacture.

In- other words, the hottest gas is brought in contact with the hot test fuel,
and vice versa, the gases being gradually cooled and the fuel being brought up by
stages to the point of ignition, its distillation and drying being meanwhile secured.

It will be patent that in the use of lignite or low-grade fuel, as herein suggested,
that the fuel bed should be maintained say twice the depth, otherwise carried with
ordinary bituminous coal. Coking coals invariably give trouble when hopper fed
by reason of their tendency to coke and “ hang”’; they are therefore best handled
by some mechanical device.

Theoretically, in the gas producer, says Butterfield, just one-half the air is required
for the theoretical combustion per pound of coal in the direct-fired furnace. This
does not cover the excess actually necessary in practical operation. Pure carbon
and no moisture nor hydrogen being considered, the reaction would be as follows:
CO, 34.79%, and Ny, 65.39,. In the ideal producer under theoretical conditions
30.6% of the heat is liberated, that would be liberated in the direct-fired furnace.

In the experiments of Euchene one pound of coke evaporated 409, of its weight
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of water, said water being from the ash pan of the producer. By this evaporation
67.69, reacted with the carbon; 32.49, escaped with this gas undissociated in the
form of aqueous vapor.

The decomposition of water into its elements of hydrogen and oxygen has a
total endothermic action of 3900 B.T.U. per pound. One pound of carbon plus 71.75
cu.ft. of air equals CO with a total exothermic action of 3930 B.T.U. The radiation
loss in this producer, which was of the Siemen’s type, as noted by Euchene, was 5.7%,.

The highest theoretical efficiency in producer operation is of course only obtain-
able under conditions of by-product recovery, as for instance of sulphate of ammonia.
This, however, is not warranted under installations of from 3000 to 4000 h.p., and then
of course it is limited by the fuel available and the market demand for the produect.
Depreciation is extremely heavy on this class of apparatus, especially in portions
where sulphuric acid is used. So heavy is its maintenance that it must be considered
as one of the primary costs of operation.

The sensible heat of producer gas is of importance because 12 to 189, of the
heat value of the coal may exist in this form, the loss of which is only a question
of cooling the gas. It is utilized only when gases reach the furnace hot, and the
hotter the gases leave the producer, the greater may be this loss.

Hotter gases result from carbonized and dry fuels, rapid driving and dry blast
more than from uncarbonized and wet fuels or steam air-blast. The temperatures
of escaping’ gases, of course, vary considerably, depending upon character of fuel
and rapidity of driving.

With coke, say between 900° and 1800° F.

Soft coals, say between 600° and 1600° F.

With anthracite and steam jet blower, 1100° F. is a frequent temperature.

Where the heat from the exhaust of a gas engine is recovered, about 10% of
its thermal value may be used in raising steam in exhaust boilers, where a pressure
as high as 160 pounds per square inch has been attained.

Losses in Producer.—The following table shows the percentage of this loss
with varying proportions of ash in the coal and varying percentages of carbon in
the ash drawn from the producer:

PERCENTAGE OF TOTAL HEAT VALUE LOST

Percentage of ash in coal. .. .. 4 7 10 13 16 20
59, carbon in ashes......... 0.22 0.40 0.60 0.80 1.00 1480
1 7T P Rl ok < Gl o 0.46 0.84 15 25 1.66 2.11 2.80
RO atlad) o't ¥ 5 4 - P E o0 0.74 1.33 1.98 2.64 3.36 4.40
A ) e T B} 50 B 6 o' 1.04 1.90 2.80 3.75 4.76 6.25
L0177 O S ORI P ot o] 1.80 3.20 4.80 6.40 8.16 10.70
A0TSR e 2.80 5.00 7.40 10.00 12.70 16.60
15 AR G O 4.16 7.50 11.10 15.00 19.00 25.00
COT5 a0 L T S 6.20 | 11.30 16.60 22.50 28.60 37.50
1177 PR O o e 16.60 30.00 44 .40 60.00 | 76.00 | 100.00

It is found that even with sulphur as high as 839, and ash 109, it is still quite
possible to make good gas without interruption, although at much reduced rate.
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It is found that the total loss from all sources in the gasification of fuel in a
Morgan type gas producer under fairly good conditions, when the gas is used cold or
when its sensible heat is not utilized, ranges between 209}, and 259, which under
very bad conditions may be increased to 507;. It is claimed that this loss, under
favorable conditions, using the gas hot, is reduced to as low as 109, which also
includes the heat of the steam used in blowing. This fact can be arrived at and
proven by calculation from the analysis of the gas taken in relation to the original
analysis of the coal. The interested student of this subject is referred to the work
of H. H. Campbell on the Manufacture of Iron and Steel, chapters VIII and IX.
In his elaborate investigation all the sensible heat of the gas (namely, 14.49,) was
assumed to be lost, which it always is in the Siemens regenerative furnace. There
was also found to be a loss by carbon in ashes of 2.1%, (which is excessive), and
by radiation and conduction 5.19%,, making a total of 21.69, lost. As his equip-
ment was much inferior to the best modern practice in several respects, and as there
are a great many cases where fully two-thirds of the sensible heat of the gas is utilized,
it will_be seen that the unavoidable loss by good practice in all heating furnaces
should not exceed:

One-third of sensible heat of gas=4.79, loss

Canlbonsinyash?otr S s =0.3%,
Radiation from producer....... =5.0%
Total amount lost............. 10.0%

The total grate loss of fuel, that is to say, of the combustible charge, should
not exceed 239,.

American producers will average a loss through their grates of 5%, while cer-
tain badly designed producers have run as high as 329.

It is stated by F. E. Junge that in Germany where low grade clinkering fuels
are used, that is to say fuels high in fusible ash, that clinkering has been entirely
eliminated by the substitution of cast-iron producers with water-cooled walls. To
quote Mr. Junge: ‘‘ The cooling effect of the water does not extend very far inter-
nally, only far enough to effect the layers lying at the extreme outside. The influence
on the combustive process is therefore inconsiderable in such producers.” The
loss of heat is due to radiation from producers is much more constant than is gen-
erally supposed, and when it is taken into consideration that fire brick at white
heat has the same conductivity as cast iron, Mr. Junge’s conclusions may be worthy
of some consideration and investigation. 3

Clinker.——~The next in importance to consider is the subject of clinker. The
formation of clinker tends to reduce the available area of the fuel bed, and not only
by the space it occupies defacto, but also by acting as a deflector converts the pas-
sage of air into channels and increases the unit duty of the remaining surface of
the bed. This naturally increases the heat of the fuel bed by concentrating the
draft in certain defined directions and also by certain radiant heat. The result is
that where a clinker is started, it tends to form other or more clinker, both along
the lines aforesaid, and by the direction, reflection and concentration of a more
intense heat.
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It may therefore be put down as a postulate that clinker should be maintained
at a minimum, if not entirely obviated (this latter being very nearly impossible),
and all coals possessing a high content of fusible ash should be discarded as a pro-
ducer fuel in shaft or furnace type producers, more especially where used for the
generation of gas for engine combustion.

It is seen therefore that the formation of clinker, which is the accumulation
of the fluxed portion of fusible ash, tends both to irregularity of gas through its
agency as a deflector in the passage of the gas, and also through the intense heat
resultant upon the concentration of this draft upon certain sections of the fuel bed.
This and its removal form a most deteriorating influence upon the lining of the
producer itself. .

It naturally follows that in -proper practice the effort should be to form no
clinker, which may be done in one or two ways.

First, by keeping the fire compact, for the concentrated blast of certain section
or area of the fuel bed, due to rivers or chimneys, has a strong tendency to flux
the fusible ash, with resultant clinker.

Second, The coal selected should be as low as possible in its content of fusible ash.

Third, The fire should and must be kept as nearly as possible below the point
of fluxing this fusible ash. This may be done with pressure producers by moderat-
ing the blast, but in suction producers, and pressure producers as well, the tem-
perature may be tempered or moderated by running a fair depth of fuel and applying
the proper amount of steam in the regular process, or of COz in the Tait or
Doherty processes.

In most or many of the lignites, producers depending upon the fusing of clinker
or its removal in condensed form (such as Smith type) are usually impractical, for
the following reasons, namely:

That the clinker formed by such fuels is unhomogeneous, due to the fact that
while a portion of the ash is fusible, a large portion is infusible, the latter creating
a diluent for the former, hence preventing cohesion and rendering it difficult to
segregate it in large masses.

This inability to complete segregatlon prevents the formation of clinker in
small groups of particles throughout the entire fuel bed and working towards the
grate with considerable disadvantage to satisfactory operation.

By reason of the above conditions the extraction of clinker from the generator
through segregation, with many of the lignitic fuels, is thoroughly impractical.

Temperature.—An exact mean must of course be found between this amount of
steam and an excess, which tends, both through the cooling of the fire and the failure

- of a proper temperature for re-combination in the upper zone, and through an excess
of the dissociated or free oxvgen to form an excessive amount of carbon dioxide.

Gas is usually of the best quality when the top of the fuel bed (assuming an
up-draft producer) is dark in color, a dull cherry or medium orange. When it
assumes the color of light orange with white lights, it is almost certain that some
secondary combustion is taking place, that is to say, the fire, being insufficiently
compact, permits air to pass through and burn the gases within the producer.

White heats or white lights in the bright orange heats should always be avoided
in producer work, being an invariable sign of too high temperatures.
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It is assumed by practically all authorities on producers that the reaction of air
in its passage through the producer is from O to COz with a reaction of CO; to CO,
in_the following zone. Whether this is true or not the author is unable to definitely
state.

It is of course impossible, however, to burn the fuel merely to CO, or in the
event of the theory aforesaid, to convert all of the CO; to CO, but nevertheless the
COz can and must be maintained at a minimum.

The production of CO is accelerated by the use of fine fuel of a fair degree of
depth. Large lump fuel producing greater voids must have this depth materially
inereased to compensate for the time factor of contact, ete., or to produce a lesser
velocity in the passage of the blast.

Air over incandescent carbon is supposed to produce the minimum-of COs at
about 1900° F., and it is therefore evident that the heat of the producer should be
maintained well over this point.

PyrONSTER TEST
EAcy Foer s 4 2aa
ANTAAACI TR 2 L4 005L

Fi1ec. 1.—Heat Zones in Producers.

An analysis of Stockman, illustrating the hot and cold working of a producer
upon an identical fuel, shows a decrease of 129 in volume of gas, with a gain of 209
in the heat value as a result of the higher temperature of combustion.

Other conditions being the same, the temperature of a producer will increase
almost directly with the amount of fuel gasified in a unit of time. This of course
is dependent upon the air supply and also upon the nature of the air, which, if
pre-heated, is much more efficient. This however, as indicated by Stockman’s
experience, means increased velocity and lessened time contact.

Reactions.—The following are the chemical equations representing the principal
changes which occur in the formation and combustion of producer gas.

Formation of producer gas from air and carbon:

C+02=C0;3, 497,600 calories
C02+C. =2€0,- ~-38,800 ©
2C+03;=2C0, +58,800

Reactions between steam and carbon:
H,0+C= Hy+CO, —28800 calories
2H,0+C=2H,+C0y —18,800 ¢
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Reaction between steam and carbon monoxide:
H,0+C0=CO02+H,, +10,000 calories
CO2+H,;=CO +H20, —10,000 v

Combustion of the constituents of producer gas:
200+ 05=2C03, +136,400 calories
2H,+ 02:=2H,0, +138,000 ¢
CH4+20,=C0,, +2H,0, +213,500 calories
CoH,+305,=200,, +2H,0, +341,100

Professor Lewes says: M. O. Boudouard has found that at 1112° F. CO5+C
yields 239, carbonic oxide, and 1832° F. CO2+C yields 99.39, carbonic oxide, so
that the proportion of carbonic acid in producer gas depends upon the temperature
of the fire and the velocity of the gas through it.”
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F1a. 2.—Relation of Temperature to Combustion.

In a discussion of producer designs in his work on Gas Producers (page 15)
Horace Allen referred to the reaction of CO and COj, and the necessity of large
surface contact for its efficient completion, says as follows:

“From this it would appear that the grate area should be considerably less
than the area of the producer in the zone in which the reduction of CO; is effected.
This conclusion is confirmed by blast-furnace practice, the walls of the bosh of the
furnace rising from the hearth, where the blast is introduced under some pounds
per square inch pressure, not being carried up vertically but at an angle of about
70°. This method of reducing the velocity of the gases rising from the fire by
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increasing the area of the chamber was almost universally adopted in gas producers
designed for gasifying coal for heating metallurgical furnaces, ete., and is still fol-
lowed by most of the high-capacity producers of the day. However, it is a notable
feature of the smaller class of producer now employed to work on the ¢ suction”
principle that the walls are generally carried up vertically above the grate. This
is probably due to convenience of construction combined with the small size of the
apparatus, but the producer in working corrects this, owing to the accumulation of
ash and clinker round the grate.”

Whether or not this is actually the case is doubtful. Certainly after cleaning
periods there must be an interval in the compensation to which Mr. Allen refers,
and at best the dependance upon ash and clinker as a baffling medium would seem
inefficient. The question is at least well worthy of the attention of designing
engineers.

The average producer shows a heat cycle about as follows:

Assuming 12 kilos of carbon.

C+02=C02, 497,600 calories
CO:+C =2CO, —38,800
2C+0,=2C0, +58,800

As a matter of fact probably both of these reactions occur in the shaft producer,
due largely to variations in temperature, as the tendency of carbon is to act directly
to CO at a temperature above 1000° C.

Again, in the use of powdered fuel it is likely that the reaction is direct to CO,
the heat being greater and conditions more uniform.

Based upon the above the shaft producer shows approximately the following
distribution of available heat:

709, latent heat in gas;

209, sensible heat in gas;

109 loss by radiation and complete combustion;
(C+03=C0,) within the producer.

This also includes the heat taken from the producer and the sensible heat of the
ash.
The heat cycle is analyzed by Richards’ as follows:
Heating power of the coal per unit;
Heating power of the gas per unit of coal;
Calorific losses in conversion.

The last item being subdivided as follows:

Loss by unburned carbon in the ashes;
Sensible heat of the hot gases issuing;

Heat conducted to the ground;
Heat radiated to the air.
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The large amount of the total available heat, which is represented by the sen-
sible heat of the gases, will show the great necessity of burning the gases as close as
possible to the producer and at the highest possible temperature. This is of course
merely applicable to the use of producer gas in furnace work, and does not apply
to power where it is necessary that the gases be cooled prior to their entry into the

engine.
Ingalls, in his work on ‘ The Metallurgy of Zinc and Cadmium,” page 280,
states as follows: ‘ The oxidation of carbon is a complicated process. It begins

at the moderately low temperature of 400° C., carbon dioxide being formed then
as the chief product, whether the supply of air be large or small, and only a very
little carbon monoxide being formed therewith. The oxidation becomes more active if
the temperature rises to 700° C., but the chief produect is still earbon dioxide, although
the air supply be deficient. Even under that circumstance, which in so far as the
proportion of air to carbon is concerned, is favorable to the formation of carbon
monoxide, only traces of the latter are formed. Above 700° the proportion of car-
bon monoxide to carbon dioxide increases rapidly until 995° is reached, where the
former gas is formed exclusively. An increase of the incandescent bed of coal does
not suffice to form carbon monoxide if the minimum of temperature (700° C.) be
not exceeded. These observations explain why if carbon be oxidized at a lower
temperature than 700°, it burns without flame, while if it be oxidized at a higher
temperature the combustion is accompanied by a flame. In the first place the car-
bon burns directly to dioxide, an incombustible gas, and in the latter to monoxide,
which at a higher temperature burns with a further part of oxygen producing the
‘characteristic blue flame.”

Endothermic Agents.—Endothermic values of various agents apparently
decrease with the sensible temperature. In the case of steam this is probably caused
by the lessened amount of saturation, or entrained water contained at high tem-
peratures and the endothermic extraction of heat by such water, due to the latent
heat absorbed in transformation of water vapor into steam.

This possibly accounts also for the small clinkering sometimes consequent
from systems using an air blast, saturated with moisture, or “ low pressure ” (highly
saturated) steam. Such results are often extremely noticeable. The fuel economy
of such an arrangement is doubtful; this additional heat abstraction being at the
expense of fuel; but undeniably it possesses advantages where the coal used contains
a high percentage of fusible ash.

A condition analogous to the above just stated possibly obtains in the conten-
tion of certain water-gas engineers, who claim that the use of superheated steam
(steam containing no saturation or entrained water), subtends intractable clinkers
and excessive clinkering in water-gas generators. It is also a fact and a coincidence
that CO; loses its endothermic value directly with its increase in temperature. This
being due of course to its lessened density. Many lignites and some coals contain
so much moisture as to require no extraneous endothermic agent. The fact would
seem to have some bearing on the above.

In the use of these high moisture fuels requiring no endothermic agents, it is
usually best to carry a small quantity of water in the ash pit, which performs the
dual funetion of collecting and solidifying the finely powdered ash when falling, and
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the small evaporation of which tends to cool the grate bars on up-draft apparatus.
It must be remembered that the moisture in this fuel is in the form of water or
steam, hence in the latent heat of combustion there is a larger heat absorption
and abstraction from the fire than would otherwise be.

Unless there is an unusually large percentage of fusible ash in the fuel the writer
is inclined to think that the endothermic agent is unnecessary in a fuel of a higher
moisture content than 159 or certainly 189%;. This would show a content of less
weight of water per pound of fuel than that which would be used when artificially
supplied to the producer as an endothermic agent in the form of steam. This, how-
ever, must be accounted for as follows:

First, by reason of the latent heat of absorption, as before suggested, and also
by the faet that this moisture, arising in the form of aqueous vapor through the
fire bed, creates a high degree of “ over-ventilation ”’ with a consequently reduced
flame temperature.

This result is dual, preventing as it does a flame temperature which would dis-
sociate the water vapor into its constituent gases; they therefore leave the producer
in the form of aqueous vapor, hence maintaining it at a very low fuel bed tempera-
ture by reason of its high specific heat and the ventilation of the producer as a whole
by the large masses of aqueous vapor leaving with its gases, and the hlgh specific
heat of its mixture.

Although the theoretical heat required to raise the gases to their sensible tem-
perature of efficiency is 17.29;, Euchene showed in the particular producer in which
his experiments were conducted that 22.39], of the initial thermal content of the
coke was removed by the sensible heat of the influent gases. This difference of 5.19,
may be accounted for by the high sensible heat or coefficient of heat absorption
of the aqueous vapor, hydrocarbon, or tarry matter mechanically entrained in the
gas, robbing the producer of the additional heat aforesaid.

Assuming 22.39, as an arbitrary figure for effluent temperature, 5.79, the loss
of radiation, we have a total of 289, and deduecting this from the 30.69%, the theoretical
portion of the heat content of the fuel liberated within the producer we find a per-
centage of 2.69, or residual heat.

As a matter of fact this residual heat is much higher owing to a certain amount
of complete combustion occurring within the producer as well as the combustion
of hydrocarbons of the high heat value, but even under ideal conditions and with
a pure fuel carbon this diserepancy would be found which it is necessary to absorb
by the admission of some endothermic agent such as steam or the products of com-
bustion.

Test Flame.—Within certain limits the operation of producers may be observed
with a fair degree of accuracy through the ‘ test light,” especially if one, such as
is shown in the accompanying illustration, be used. In this light, the gas is supposed
to be impinged against the top of the burner and delivered to the orifice at the side
at about atmospheric pressure. At this point, if it burns fully, following the entire
throat or orifice with a complete annular flame, the quality of the gas may be said
to be good as a rule, with a low content of COs.

If its emission is however irregular, burning principally in the top of the orifice
and failing to follow it throughout its circumference, it is usually a sign of high
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carbonic acid and low heat
value in the gas, when the
gas may be said to be
‘“lean.”

Theoretically, of course,
the color of a flame is de-
pendent upon incompleted
combustion and the parti-
cles of combustible matter
heated to a condition of
incandescence. It will be
found that various fuels
vary, particularly in their
] color, but as a general rule

Warer /mlet

Testing [Tame Gy

the flame of the * test
light ”” will be observed to
burn from blue to red, with
the increasing heat of the
producer.

Hydrogen, carbonie
acid, alcohol, ete., are sup-
posed to burn when in a
state of purity, with a per-
fectly colorless flame.

Inasmuch as it is prac-
tically impossible to burn
all of the combustible or
fuel of the producer to CO,
some of the fuel being com-
bined to COs, the curve B
of Chart I does not indicate
the real temperature, but
by reference to the curve C,
this temperature may be
found in a producer where
the percentage of carbon
burned to COs is plotted
| on the X axis and the
; temperatures upon the Y
| axis,

; This percentage would
: give but 1009, CO and 0%
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to a point where the entire amount of carbon is burned to 1009, CO. with 09 of CO.
Hence, for any analysis of flue gas produced, the actual temperature in the furnace
may be determined, by reference to the curve C aforesaid, providing of course that no
cooling or retarding agent has been employed and that the oxygen of combustion
has been obtained from the atmosphere at a temperature approximating 60° F.

Although, under average conditions of operation, the test light may be used,
manipulating the producer as aforesaid, frequent analyses of the gas should be taken,
as a check and safeguard, and an empyric comparison made with general conditions
of operation, the aforesaid light, etc., to form basic conditions and comparison.

Where the producer gas shows a content of CO» (this representing some 207,
of the carbon which is burned to CO;) the temperature is indicated by the curve C,
which is approximately 2400° F.

Above this point, in most instances, a clinker mass of incombustible vitrified
scoria is formed. For each fuel there is a ecritical temperature approximately in
this neighborhood, and, as already stated, to prevent this a somewhat lower heat
must be maintained. This is difficult, inasmuch as the heat above outlined given
off in combustion of C to CO, considerably exceeds both the radiation of a well-
built furnace and the sensible heat which may be carried off by the outgoing gas,
at the specific heat which it maintains at that degree of temperature.

Steam Cooling.—It will be manifest therefore that either a portion of steam
or a part of the products of combustion must be used to temper this fire.

Butterfield says (page 86): ‘“All undecomposed steam passing through a
retort-heating system (producer, furnace, ete.) robs that system of heat, and thereby
makes the prevailing temperatures lower than they would be in the absence of unde-
composed steam. The temperature at which the spent gases escape into the chimney
is a measure of the net loss to the system as a whole, but, if the spent gases traverse
regenerative passages before escaping to the chamber, the loss of heat to the pro-
ducer per se (if recuperation is not applied to the primary as well as to the secondary
air supply) may be greater than the nef loss to the system. Hence, the passage
of steam, in exeess of that which the fuel can decompose through the system, usually
should be felt far more seriously in the producer than elsewhere in the system, The
escape of undecomposed steam from the producer implies that heat has been
abstracted by this steam from the bed of fuel, the temperature of which is thereby
lowered, but the lowering of the temperature of the bed of fuel renders it less com-
petent to decompose steam and form carbonic oxide rather than carbonic acid.

“ The undecomposed steam injures the working of the producer indirectly as
well as directly. Every endeavor should therefore be made to avoid more steam
traversing the bed of fuel than it can decompose, unless it can be shown that some
very great collateral advantage accrues from the excessive steam. Now, the only
advantages which can be reasonably claimed for a large inflow of steam to the ordi-
nary producer, are cooling of the fire bars and avoidance of hard clinker. The
practical question, therefore, is whether these advantages cannot be secured to an
adequate extent without the steam supply exceeding that which the bed of fuel is
competent to decompose. Actually, it would appear that this question has not
been satisfactorily investigated, but it may be assumed that the answer would be
different for different types of producers and different description of coke, much
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depending on the area of the grate relatively to the air and steam supply and on
the temperature at which the ash of the coke fluxes. Nevertheless, there is no doubt
that it is very rarely that steam in excess of the quantity which will be decomposed,
is required to keep the fire bars adequately and avoid clinker being formed to an
obstructive extent.”

As is stated above by Butterworth, the producer is ‘robbed ”” of its excess
heat accumulated in the combustion of C to CO by the dissociation of the steam
applied and (in practice) the thermal capacity of escaping aqueous vapor. In the
processes covered by the Tait-Ellis, Eldred, and Doherty patents, this heat is
absorbed in the endothermic reaction of CO: to CO,
the intention being to create through this reaction a
potential out of a neutral gas.

Otherwise, as before described, the fuel bed will
get hotter and hotter, causing the ash to fuse to clinker
and give trouble in cleaning out. Steam serves to keep
the producer in good working condition, but in addition

¢

i some of the steam is decomposed, so that the resulting
c & gas will contain some carbonic acid and carbonic oxide,

&0 iy oxygen and some hydrogen derived from the steam.
Ingalls (page 283) states: ““ The use of steam in the
1 producer presents the further advantage that, in cooling
3 the zone of combustion, the trouble from elinkering of
the ash is reduced. In many cases this is a highly
/' 4 \ important consideration. The effect of blowing a pro-
vy : ducer with a very large volume of steam is shown by
Potented the results of the Mond producer. The gas from that
Qrodaniar Gl is developed at a very low temperature and is conses

2 quently high in carbon dioxide, but because of its high

tenor in hydrogen it possesses a great calorific power.”

In view of the theoretical and praectical consid-
erations substantiated by the authorities referred to,
there can be no question as to the impracticability of
operating a producer furnace without the use of some cooling agent; that is, the tem-
perature must be reduced and maintained at a point that will restrain the rapid
formation of clinkers. There is always an unavoidable loss of heat when steam is
used as a cooling agent. This loss may be much reduced by means of a proper
system of recuperation, but as the recuperation can never reach an efficiency of 1009,
the loss can never be reduced to zero.

By reference to Sheet No. 2, curve E represents the unavoidable loss in B.T.U.
due to the passing of one pound of steam through the producer and furnace where the
efficiency of recuperation is 659, which is a recuperation of extremely high efficiency
and seldom reached in practice, and contemplates the reduction of the products of com-
bustion from a temperature of 2300° F. to 800° F.; but even this degree of recupera-
tion results in a loss of 223 B.T.U.’s for every pound of steam so passed through
the system. Curve F is similar to curve E, but shows the loss due to each pound
of steam passing through the system with a recuperation of 4679, efficiency, which

Fi1G. 4—Tait Producer Gas Test.
(Section of Burner on Fig. 3).
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closely approximates the usual practice (see test of Calkins), and contemplates a
reduction of temperature of the waste gases or products of combustion from 2300° F.
to 1200° F. In this case the unavoidable loss due to the use of each pound of steam
passing through the system is 592 B.T.U.’s. Curve G represents the loss with zero,
or no recuperation, and amounts to 1645 B.T.U.s per pound of steam used.

EFFECT OF STEAM ON QUALITY AND QUANTITY OF GAS

Air Gas by 3. Mixed Gas by 3 and 5. Mixed Gas by 3 and 6.
Constituents of Gas. :
} Vol- Cubic |PerCent Vol- ‘ Cubic |PerCent| Vol- Cubic | Per Cent
| umes. Feet. by Vol. umes. | Feet. | by Vol. | umes. Feet. | by Vol.
GO rom air 1.0 ... 210, 715.6 | 34.7 | 2.0 715.6 | 25.7 2.00 715.6 | 23.0
CO from steam .. ...... % ot k|| RS 2 1.0 | 357.8 12::9
H from steam’.. ....... o T KT o 1.0 357.8 | 12.9 IROGIN701". 28 (22" 5
CO, from steam . . ...... ot R e e e/ B Y et MRSl T98 17350161 1172
N from air. ........... 3.77 |1348.8 | 65.3 3.77 [1348.8 48.5 3.77 |1348.8 43.3
: | |
Volume of gas produced .| 5.77 ‘2064 .4 [100.0 | 77.6 |2780.0 100.0 | 8.70 |3116.2 ! 100.0
I

Volume of gas perlb. C .. 86 cubic feet 77.2 cubic feet 87.2
Combustible in gas ... .. 3477 i 51.59%, 45.59,
Calorific power per cubic

OGS e e e Gl S 119 B.T.U. 176.9 B.T.U. 156.8 B.T.U.
Steam decomposed per

L (O R R L R None used .5 pound .98 pound
Air required per lb. of C. 71.2 cubic feet 47 .5 cubic feet 47 .8

QUALITY OF GAS WITH VARYING STEAM

Excess of Steam.
Gases by Volume.

Moderate. Great. Maximum.
(07 56, 5t o At A 5.30% 8.909, 15.00%,
CO s 83 Yt aoc oty 23.50 16.40 11.50
(0351, ¢ ABE b O e 3.30 2.55 1.90
1515y g e e RO R e 13.14 18.60 24 .60
Heat value per cubic foot.| 151 B.T.U. | 135 B.T.U. | 129 B.T.U.
Temperature . . ......... 1472° F. 1292° F. 932° F.

For good, average working in an ordinary producer 69, of the weight of the
blast may be steam, or by volume about 109, steam and 909, air. This is equiv-
alent to one-fifth of the C being burnt by steam and four-fifths by air. About 259,
more steam sometimes may be used, and the steam may be figured as one-third
to two-fifths of the coal gasified, or approximately a boiler H.P. per ton for 24
hours.

Curve “H” shows the total cooling effect, or heat absorbed by introducing
one pound of steam at 212° F. to the fuel bed, wherein certain percentages of the
pound of steam are decomposed, and the remaining part passes through the fuel bed



18 GAS PRODUCERS

not decomposed, but merely as superheated steam. It will be seen that commencing
with 330 B.T.U. absorption, 1epresenting no decomposition, the heat absorbed is merely
that required to raise the steam from 212° to 1500° ., which represents the absorp-
tion of 330 B.T.U.’s. As the abscissa is increased, representing an increased percentage
of decomposition, the heat-absorbing effect increases until the 1009, line is reached,
where the entire amount of heat absorbed by the decomposition of one pound of
steam, amounts to 6060 B.T.U.’s.

It is now possible to determine the amount of steam that will be required per
pound of combustible consumed, in order to maintain the temperature of the fuel
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F1a. 5—Relation of Combustion to Temperature.

in the producer at a predetermined point, provided we know the approximate pro-
portions of each pound of steam introduced to the fuel bed that will be dissociated,
which fact may be approximated by analyzing the gas issuing from the producer.
As, for example, suppose it is desired to maintain the temperature of the fuel bed
at approximately 1500° F. in view of the fact that one-fourth or 259, of the carbon
consumed is burned to carbon dioxide (CO). By reference to curve C, we find that
the natural temperature of the furnace, if no cooling medium be employed, would
be approximately 2440° F.; therefore for each pound of combustible consumed
to reduce the temperature, there would have to be the difference in the number of
B.T.U.’s in 6.79 lbs. of gas at 2440° F. and the same weight of gas at 1500° F.=3572
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B.T.U. (For the specific heat of the furnace gases at this temperature see Curves,
Sheet No. 5.) Therefore, there must be absorbed something in excess of 3572 B.T.U.’s;
that is, for each pound of ecarbon burned in the producer there must be passed
through the bed of fuel enough steam so that by its latent heat and heat required
to cause dissociation of the steam, there will be absorbed 3572 B.T.U.’s.

Y
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Frc. 6.—Effect of Steam on Lowering Heat of Fuel Bed.

’

By reference to Curve H, Sheet No. 2, may be determined the cooling effect
produced (or heat absorbed), by the chemical dissociation of steam. It is a demon-
strable fact that of all the steam introduced to a bed of incandescent fuel only a
fractional part is dissociated. v

Butterfield says (page 86): ‘It would therefore seem that Euchene’s researches
support the assumption, which theoretical considerations warrant, that when the
water evaporated from the ash pan in a given time exceeds in quantity that which
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the bed of fuel in the producer is capable of decomposing, the undecomposed steam
abstracts heat from the fuel, while the decomposed steam yields practically no
carbon oxide, but only hydrogen and carbonic acid.”

Assuming that 709, of the steam is decomposed under these conditions, each
pound of steam introduced to the furnace will absorb 4350 B.T.U.’s; therefore, for
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Fic. 7.—Influence of Quantity of Steam on Heat Absorbed.

3

3572

4350=0.82 Ib. of
steam introduced to the bed of fuel, or the ratio of steam required to that of com-
bustible used would be 829,. By referring to Curves I, J, and K, Sheet No. 3,
which curves represent various degrees of recuperation, will be shown the amount
of heat (in B.T.U.’s per pound of combustible used) that is absolutely and unavoid-
ably lost, due to the use of steam as a means of cooling the fire. Considering the

each pound of combustible consumed, there would be required
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problem in hand, and with a recuperation of 659 efficiency there is lost per pound
of fuel consumed 270 B.T.U.’s.; with 479, recuperation 580 B.T.U.’s, and with zero
recuperation about 1600 B.T.U.’s. Thus it may be seen that for every pound of
steam introduced to the bed of fuel there is always an unavoidable loss of heat, and
the efficiency of steam as a cooling agent must always remain below 100%.
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In addition to this loss of heat, there is always the direct loss required to raise
water from a temperature of say 60° F. to steam at 212° F., amounting to 1118
B.T.U’s. This heat must be supplied from some source at the expense of the com-
bustion of fuel.

Reduction of CO; to CO.—XKent says (page 456): “ By the decomposition of
a chemical compound as much heat is absorbed, or rendered latent, as was evolved
when the compound was formed. If 1 Ib. of carbon is burned to CO., generating
14,544 B.1.U., and the CO, thus formed is immediately reduced to CO in the
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presence of glowing carbon, by the reaction COy+C=2C0, the result is the same
as if the 2 Ibs. C had been burned directly to 200, generating 24451 =8902 heat
units; consequently 14,544 —8902=-5642 heat units have disappeared or become
latent, and the “ unburning ” of €O, to CO is thus a cooling operation.”

By burning 1 1b. of carbon in oxygen to COg, there are produced 3% lbs. of
COz gas, and there are liberated about 14,544 B.T.U.; by the reduction or “ unburn-
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Fig. 9.—Influence of Temperature on Specific Heat.

ing 7’ of 3% lbs. of COz to CO there are absorbed 5642 B.T.U., therefore by the reduc-
tion of 1 lb. of CO2 to CO, there are absorbed 5642 B.T.U.-=3% lbs., which equals
1540 B.T.U. of heat.

Consequently by the decomposition of one one-hundredth of a pound there are

absorbed 1540-+100=15.4 B.T.U.
As the average specific heat of any gaseous mixture (consisting of products
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of combustion, steam and air), can be closely approximated (by reference to the
curves on Sheet No. 5) the cooling effect on a fuel bed of such a mixture contain-
ing varying percentages of COg, by weight or volume, may be determined.

By referring to Sheet No. 4 can be seen curves which indicate the temperatures
at which various mixtures of products of combustion (varying in their percentage
of COs) must be introduced to a bed of incandescent carbon in order to cause any

[

¢
cwre| Jlk texkodl
\\

&
R
btgrms

™

100 / 7 Lrre Fadrexdeit = nﬂﬂ:
» Centigrade= JofteompF-st)

500!

/ eg reps
25 / 7ex, q gkcgnti_;md&
(e Py Not-.
] SHEET NO-ﬁ ey

200 900 €00 Goo tew 1200 1000 J000 /S Woo o Léw IS0

Fic. 10.—Conversion of Centigrade and Fahrenheit Degrees.

change of temperature of the fuel bed, with the understanding that all the COg:
present is reduced to CO.

To represent these temperatures different curves are required for different
temperatures of fuel beds, as the average specific heat of the gaseous mixture varies
with its change of temperature. By the use of Curves Nos. 1, 2, 3, 4, 5 and 6, on
Sheet No. 4, if the temperature of the fuel bed and the percentage of CO2 present
in the gaseous mixture introduced thereto be known, the fact can be determined
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as to whether the net result is a heating or cooling of the fuel bed; also the tem-
perature of the gaseous mixture can be determined at which there will be neither
a cooling or heating of the fuel bed; that is, where there will be no exchange of
heat between the fuel bed and the gaseous mixture. For example, if there is 8%,
CO; in the gaseous mixture introduced to the fuel bed which has an average tem-
perature of 1500°, the gaseous mixture must have a temperature of 378° F. higher
than the fuel bed in order to produce neither a heating or cooling effect (see Curve
No. 2), or a total temperature of (1500°+378°) 1878° F. If the temperature of
the gaseous mixture is below 1878° F. the gases will cool the fuel bed; if above
1878° F. they will heat the fuel bed.

On Sheet No. 5 are curves representing the specific heats at varying tempera-
tures under constant pressure (14.7 pounds absolute) of the gases, carbon dioxide,
oxygen, nitrogen, carbon monoxide, and superheated steam.

On Sheet No. 6 is a curve to assist in transferring temperature readings from
Fahrenheit scale to centigrade scale and vice versa.

In using suction producers of the ordinary up-draft type with the exhaust gas,
or conneetion (COz as an endothermic) during cleaning periods, it is possible by
opening wide the exhaust within the producer to create an equilibration of pres-
sure in such a manner that any, or all, doors may be temporarily opened.

This can, of course, only be maintained for a few moments by reason of the
strong heat-absorbing nature of the exhaust gas and the tendency to kill the fire.

Connections.—The standard practice generally dictated is that producer out-
let connections should be about one-eighth the diameter of the producer, internal
diameters being taken or measurements in the clear of both producers and connec-
tions. However, it is customary among most manufacturers to make the inlet to
the suction producer about one-sixth, and the outlet about one-fifth; the outlet
in most suction-producer practice being about 109, greater than the inlet in the clear.

It would seem that with suetion producers the connection between the pro-
ducer and scrubber should be as large as possible, and should be limited only by
cost of construction, for two reasons. First, there is greater freedom from friction,
and second, and more important, there is less wire drawing and consequent channel-
ing of the gases through the fuel bed.

According to one manufacturer, the flue areas of a producer should be as
follows: Ample area of flue is important, and the more so in bituminous practice.
In general, the diameter of the producer connection should be about one-quarter
the diameter of the producer, and in a collecting flue from several producers its
area in like proportion should not be less than one-sixteenth of the gas-making
area of the attached producers.  Thus a producer 8 feet inside diameter of lining
should have a connection at least 24 inches internal diameter. As such a producer
may readily gasify 600 pounds of coal hourly, the flue area is about equal to one
square foot per 200 pounds of coal gasified hourly.

Sizes.—Shaft producers should not be made smaller than an internal diameter
of 3 ft. 6 in. unless intended to operate with charcoal, and should not exceed in out-
side diameter 12 ft.

The former limit is regulated by a certain structural difficulty in the way of
linings and mechanical difficulties in the removing of ash and clinker, but more



PRODUCER OPERATION 25

particularly, by the loss which is also applicable to gas engines and all furnaces;
namely that whereas the volume or content of a furnace increases as the cube of
the linear dimensions, the surface merely increases as the square.

That is to say, where a small producer may have a certain ratio of radiating
surface to fuel bed, this ratio is materially lessened in the large sizes, with a corre-
sponding increase of efficiency or decrease in the per cent of ‘ jacket loss.” The
radiation increasing as the square, and the capacity as the cube of the lineal
dimensions.

The latter limit is regulated by structural difficulties in the maintaining of
rectitude in the linings and more especially by mechanical difficulties, the stoking
of the producer, the packing of the fuel bed, and the control of the angle of repose
of fuel. Also there is much greater difficulty and loss of fuel with the removal of
clinker and ash which may become imbedded within the heart of the fire.

Weights.—The approximate weight of suction gas producer sets, including all
apparatus and fire brick, based upon the Muenzel Suction Producer are as follows:

H.P. Weight. R Weight.
20 9,000 110 19,800
25 9,460 120 20,100
30 9,680 130 21,500
35 10,120 140 23,000
40 10,560 150 24,300
50 11,000 160 25,100
60 12,760 170 26,000
70 14,080 180 27,500
80 16,900 190 28,700
90 17,160 200 29,200

100 18,000 250 36,500

A 250 h.p. pressure producer complete, with holder, without fire-brick, but
with connection, weighs 48,000 lbs.

The above does not include piping and auxiliaries, which usually equal 109,
in addition to the sets above specified.

APPROXIMATE SPACE REQUIRED FOR SINGLE UNIT GAS POWER PLANTS

Suction, Pressure,* Gas Holders.
S Head Head
g | Y | Een | e | | fEn | g | Teekdee

25-50 13-14 9-11 13-15 =3 £l | S 1000 15 feet
50-75 14-15 10-12 14-17 B S 2T | AR, 2000 17 feet
75-100 | 15-19 11-14 15-20 > SR N e 2500 19 feet 6 inches

150 20-21 13-15 19-20 A el | Al 2yt 3000 21 feet 6 inches
200 22-23 15-16 22-23 32 16 22-25 4000 21 feet 6 inches
300 25-26 16-17 23-25 34 18 23-25 5000 24 feet

EUONIION E o S =t e Bt L 36 20 23-26 6000 30 feet 6 inches
G0 R B T I T 2 units 39 22 23-26 10000 35 feet
ITRDITE 4 2 i e el IS 3 units 39 47 23-26 15000 43 feet

* Pressure plants exclusive of holder. Area depends of course on number and size of units
for the total power given.
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Producer Sheli.—The writer recommends a shell of }-in. steel boiler plate for
both producer and serubber. This should be thmouvhly riveted with the best
grade of }-in. wrought-iron rivets, the rivets being preferably pneumatically riveted
and all joints having calking edges, contact being metal to metal without packing.
To test the tightness of the producer shell, a fuel bed of three feet in depth is charged
in the producer, and the entire bed brought to a red heat of combustion. At this
point 18 inches of green coal is added to the top of the fire, and gas immediately
drawn from the producer. This gas is not to show a content of more than one per
cent of free oxygen, a larger amount indicating leakage of the lining or connection
of the producer.

It will be manifest that the three feet of solid fire bed at a red heat is for the
purpose of dissociating all air passing through the producer, and the surface of green
coal is to act as a condenser to lower the resultant gas to a temperature below
the ignition point for combination with free oxygen, and thereby prevent secondary
combustion in the top of the producer, which would prevent its appearance in the
necessary analysis.

Continuity.—Continuity of producer operation, of course, depends upon the
nature of the fuel used, and the proportion of load or demand maintained to the
capacity of the apparatus.

Generally speaking, on lignite or bituminous producers, the standby period of
six to ten hours should be assumed per week, where the service is continuous, or
twenty-four hours per day.

Several Muenzel producers running upon anthracite have made ninety days
continuous run, without even. a momentary intermission. :

The durability or life of the lining of the producer depends much upon the con-
ditions of operation and fuel aforementioned.

Under proper load, and with careful operation, with partlcular reference to
preventing secondary combustxons occurring in the producer through an admission .
of drafts, holes in the fire, ete., the durability or life should be from three and one-
half to four years.

Fire-brick Linings.—Gas producers in furnaces should be lined with fire-brick
and grouted, between the lining and shells or outer walls, with fire-clay, pulverized
brick-dust, or asbestos, the latter being preferable by reason of its elasticity and
maintenance of position after temporary strains. It is also less inclined to cleavage,
fissures, cracks or chimneys. The brick should be wet before setting, the mortar
being extremely thin, hardly thicker in fact in consistency than whitewash, and
the bricks carefully faced. The use of a thick or putty-like mortar frequently accounts
for buckling or skewbacks, by reason of having a. coefficient of expansion differing
from that of the brick. Leaks in producers are a source of very considerable loss
through admitting of secondary air, and should be most carefully avoided.

As a wash for fire-brick in furnaces, to give the bricks a glaze and keep carbon
from collecting on the walls, a correspondent of Power suggests one pound of salt
to a pint of water, mixed with fire-clay and applied as a whitewash.

One ton of fire-clay should be sufficient to lay 3000 ordinary bricks. To secure
the best results, fire-bricks should be laid in the same clay from which they are manu-
factured. It should be used as a thin paste, and not as mortar. The thinner the
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joint the better the furnace wall. In ordering bricks the service for which they are
required should be stated.

NUMBER OF FIRE-BRICK REQUIRED FOR VARIOUS CIRCLES (Kgent)

Diarfn. Key Bricks. ARrca BRICKS. WEebpGe BRIcks.

o

Circles
Ft. | No.4 | No.3 | No.2 | No.1 | Total | No.2 No.1| 9in. [Tota]. No.2|No.1| 9in. | Total
1t 25 £ o o 55| [
2.0 117/ 13 o i 30 | 40 = = : 42 |
2.5 9 25 o ¥ 34 =3l 18 pod 49 60 s oy s R 6.0
3.0 . 38 = L 38 é 21 36 =4 ’ 57 48 20 68
3.5 32 10 o 42 10 51 64 36 40 X 76
4.0 25 21 ) FANEER R L ' 72 24 59 T 83
4.5 19 32 b, 51 LE 72 8 | 80 12 79 A 91
5.0 13 42 A 55 = 72 15 | 87 1 98 be 98
5.5 6 53 & 59 4 72 -23 95 nts 98 8 106
6.0 . 63 - 63 i 72 30 102 L 98 15 113
6.5 58 9 67 - 72 38 | 110 ¥ 98 23 121
7.0 52 19 71 5D 72 45 117 . 98 30 128
T 47 29 76 o w2 53 125 - 98 38 136
8.0 42 38 80 b 72 60 132 T 98 46 144
8.5 37 47 84 N 2 68 140 4 .. 98 53 151
9.0 31 57 88 s 72 72 147 A 98 61 159
9.5 26 66 92 A 72 83 155 A 98 68 166
10.0 21 76 97 = 72 90 | 162 h 98 | 76 174
10.5 16 85 101 o 72 98 170 2 98 33 181
11.0 11 94 105 ot 72 | 105 | 177 " 98 91 | 189
11.5 g I 5 104 109 - 72 113 | 185 o 98 98 196
12.0 iy 4o £ 113 113 £, 72 121 193 5 98 106 204
3070 T . = 18 Sk - ]

For larger circles than 12 feet diameter use 113 No. 1 Key, and as many 9-inch brick as may be
needed in addition.

For further information upon fire-clay and brick, see Chapter XXI.

Repairs and Maintenance of Producers are less than that of a steam plant of
the same power. After eighteen months’ service of a certain plant (about 400 H.P.)
the repairs were merely nominal. Producer linings are known to have stood as
long as ten years, and in any case should stand several years. From 15 to 25 cents
per horsepower per year may be taken as an approximate estimate for repairs of
plants up to 500 H.P., so that the usual allowance of 2 to 39, of its cost is reason-
ably close. '

Suction linings usually require repairs sooner than pressure producers, but of
course depends on the grade of coal used, the quality of the brick, the workman-
ship in their setting, and the care given the producer in operation.

Shell Insulation.—Conditions effecting loss of heat by radiation, its calculation
and measurement, are discussed in the chapter on Furnaces.

Under ordinary conditions of producer construection it is customary to have
an insulation or ‘“dead ” space between the fire-brick lining and the shell varying
from one to two inches in diameter. However, the former measurement is con-
sidered sufficient in general practice.
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This space is filled with some non-conducting matter which serves the dual
purpose of insulating the fire bed and reducing the loss by conduction and radiation
to the atmosphere; and also to prevent the leakage of air and its seepage into the
fire, between the brick; and the channeling of air between the lining and the shell.

In circular producers this insulation or dead space usually consists of finely
powdered cinders, sand, or fire-clay, sand and asbestos, and even in some instances
several thicknesses of asbestos board or wool. The highest efficiency however is
obtained by a filling which remains more or less plastic and elastic; inasmuch as the
taking of a “ permanent set’ subtends cracks and separation from the lining and
shell due to expansion and contraction, and the jarring of the lining in clinkering.

While sand or powdered cinders form a fair material for circular producers,
some form of grouting, as herein described, is necessary with rectangular producers,
and may be advantageously used in almost any type. Regardless of the material
used as a filler it is necessary that it be carefully rammed home by tamping, after
the laying of every two or three courses of brick in the fire-brick lining.

Grouting.—The mixture used by the Fairbanks-Morse Co., for grouting or filling
in the space between fire-brick lining and shells of producers, consists of

1 part coal tar;
2 parts sharp sand;
2 parts fire-clay.

Mix the sand and fire-clay throughly, and then add tar and again mix. If
the weather is cold the ingredients should be pre-heated before mixing, to assure
assimilation. The sand and clay should be dry and warm. The final mixture
should be dry enough to be taken into the hands without sticking.

The brick to which it is applied should be smooth and lie close. They should
be wet in a thin mixture of fire-clay and water, being both dipped and the mixture
applied with a brush.

The bricks should be laid with a very thin joint to prevent skewing. After
laying two or three courses of brick the above mixture or grouting should be poured
in and tamped with an iron bar.

The tar mixture should be covered with fire-clay wherever it comes in contact
with the fire, so that the tar will not burn out before hardening. After heating,
however, the mixture becomes hard, and it allows for the expansion and contraction
of the brickwork without cracking or setting, which faults subtend air leaks in the
producer.

The grouting is both elastic and plastic.

Cements.—The following cements are in practical use:

FURNACE CEMENT

4 parts pulverized fire clay;

1 part plumbago. Iron filings or borings (free from oxidation or oil).
2 parts peroxide of manganese;

} part borax;

1 part sea salt.
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Mix in thick paste, and use immediately. Heating gradually when first using.
Powder thoroughly and tamp home.
HIGH TEMPERATURE CEMENT

. (Gaskets and Joints)
1 part white lead;
1 part red lead;

2 parts clean filings thoroughly mixed.

Mixture may be calked with broad-nosed tool.

FIRE CLAY PUTTY
Mixed with water to the consistency of putty.

Fiber asbestos;

Cement;;

Fire-clay.
@

5 parts fire-clay;

5 parts broken fire-brick finely powdered.
Or,

2 parts broken fire-brick finely powdered;
2 parts fire-clay;
1 part asbestos fiber.

The Hawley Down-Draft Furnace Co. recommend the best material for patch-
ing furnaces as a mixture of four parts ganister and one part fire-clay. Also another
mixture for patching of two parts fire-clay and one part silica sand.

The cements of the Johns-Manville Co. are good. Fireite is used most exten-
sively in setting up furnaces and repairing broken joints in heating furnaces, ranges,
heaters, and stoves. It adheres readily and makes a strong joint on tin or castings.
It dries and sets in a few hours, and vitrifies under heat without shrinking or becom-
ing porous. It has no odor. It is however far inferior to Vitrex.

Standard Vitrex is in general use in gas and chemical works for repairing broken
clay and iron retorts and pipes, and cementing fittings, connecting pipes and flange-
joints, and for cementing joints in stone, wood, and metal. It is composed of acid
and fire-proof cementing materials, and can be applied with a trowel, and subjected
to intense heat it vitrifies without shrinking. It is not injured by nitric or sulphuric
acids nor petroleum oils, and makes an altogether satisfactory cement.

Either of the cements named above will stand all the heat ordinarily required
in the places mentioned, the latter being much preferable. The writer’s personal
experience with the use of these materials has not gone beyond temperatures 2000°,
and they will no doubt give satisfactory service up to this point and in all probability
considerably beyond it.
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Among the proprietary cements or dopes, one of the most satisfactory for use
with gas apparatus is “ Smooth On,” manufactured by the Smooth On Manufac-
turing Co., Jersey City, U. S. A. It may be used in making permanent screw-thread
joints, or under gaskets, flanges, etc., or for temporary patches. In the last con-
nection, an efficient temporary patch for stopping a gas leak may be made by plas-
tering the leak with Smooth On, and wrapping with cheesecloth or similar fabrie,
Smooth On being added to the various layers as the cloth is applied.

Rating.—The rating of a producer with American coal is most reasonable upon
a basis of eight pounds per square foot of grate surface for pressure producers, and
ten pounds per square foot of grate surface for suction producers. The Morgan
producer, however, has been satisfactorily run, it is said, in some instances, upon
a combustion of as high as fifteen pounds per square foot of grate surface. This,
however, is excessive for usual practice, and cannot be generally commended.

Experiments upon the apparatus of the Loomis-Pettibone type go to show that
anthracite, bituminous, lignite, coke, and even wood, have about the same thermal
duty in combustion per square foot of grate surface, their inequality in calorific value
being compensated by their rate of gasification.

In specifications for rating of suction gas power plant, it is customary to cal-
culate a maximum suction on the part of the engine not exceeding 21 inches of
vacuum. Beyond this duty the performance of the engine as a suction pump is
not generally assumed to be sufficiently efficient to give it its maximum rating.

Gasification of coal increases inversely with the calorific value of the coal.
(See Fernald’s Tables.) Tor combustion of coal in the ordinary type of furnace
or shaft producer, attentative rating of 10 pounds per sq.ft. of grate surface is
usually an ample allowance; the horsepower resultant from this of course depending
upon the heat unit content of the coal thus gasified and the efficiency of the engine
used.

As has been stated, however, the increased rating of combustion on the part
of low-grade coals creates a very even equilibration, so that the total number of
heat units delivered by various fuels per unit of time and space, is practically iden-
tical, or at least close enough, for commercial service.

It is the custom of some engineers to allow 1.25 to 1.5 square feet of grate
surface per nominal horsepower for the lower grades of bituminous coal and lig-
nites. This, however, merely maintains the ratio of space to weight of fuel already
indicated. It does not, however, include the element of time or rapidity of com-
bustion or combination. This is most likely a mistake, especially where the low-
grade fuel possesses high volatile content and high-flame propagation, when the
high speed of gasification more than compensates for its thermal content per unit
of weight.

It is claimed in defense of this increased area that the grate surface allowed
is not co-ordinate with gasification, by reason of the total thermal liberation of
heat units, or nominal horsepower supplied, but in order to accommodate the rapid
increase of ash both in its rate of formation and the large bulk incident to low-
grade fuels.

On the other hand, however, it must be remembered that low-grade fuel con-
tains a large quantity of binding ash, moisture, and other neutrilent, all of these
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subtending low-flame temperature. Hence where combustion occurs over a rela-
tively large area by reason of the heat insulation and ventilation of the foreign
matter, conditions of radiation, ete., the fuel bed temperature is extremely low,
too low in many instances for the proper rate or temperature for gasification.
Hence, in order to obtain the temperature of gasification, it is sometimes necessary
to concentrate the combustion area. So it is doubtful whether the above rating
should ever be exceeded. If, however, it should be, such an arrangement should
only be for the disposition of tlie ash, when it should be remembered that many
of the lignites and lower grade fuels are not necessarily richer in ash than coals of
a higher grade, but that they form their ash more rapidly by reason of the high rate
of combustion and the distillation of the moisture and volatile binding.

Within certain limits (with good grade fuels), fixed by the economy of con-
struction and convenience of operation, the latter being principally stoking, the lower
the gasification duty per unit of grate surface in all fuel bed producers, the less the
clinker and other difficulties of operation. This is due to condition of heat propa-
gation, ~blast distribution, and other contingencies. One of the most successful
producers operating to-day is dcing a gasification duty of only four pounds of coke
per square foot of grate surface.

Load Factor.—Load factor is usually defined as the ratio of average load to
maximum capacity or demand. The efficiency of suction producers varies but
little upon various load factors so long as these remain below the limit of maximum
capacity. Any lack of efficiency shown by a plant on low load factors is due to
the low efficiency of the engine beneath its rated capacity, and not to the producer.

The operation of the producer at various load factors need not be changed as
much where an exhauster is interposed as where the pumping is dependent upon
the engine. It is generally expedient, however, in both ecases to thin the depth
-of the fuel bed upon low loads, and conversely to increase the depth of fuel beds
upon heavy loads. This condition has to do, however, largely with the question
‘of time contact.

The area of the producer is not materially effected in these caleulations, it
being not only practical but extremely efficient to gasify at a very slow rate per
unit of cross-section. It is of course necessary to gasify at a sufficient rate to main-
tain the proper temperature for dissociation and reaction, hence a minimum limit
of from 4 to 5 pounds of coal gasified to the square foot of cross-section should be
maintained, while the maximum limit for most coals should not exceed 15 pounds
per square foot of cross section.

Up- and Down-draft Types.—American practice shows a division line between
up- and down-draft producers, the line of demarcation being the volatile contents
of coal analysis. This line appears to be about 209, of volatile matter, and above
that down-draft apparatus is necessary by reason of its recovery of hydrocarbons
and their fixing into a permanent gas. Below that, up-draft apparatus is sufficiently
satisfactory, and offers a more simple operation and cheap construction.

Messrs. R. D. Wood & Co., who are the manufacturers of down-draft apparatus,
make the following statement concerning the operation of producers of this class:
“For any length of continuous operation such apparatus requires obviously a very
good fuel, as coals with low sulphur and a refractory low ash. It would fail with
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many ordinarily available fuels which can readily be gasified in the usual up-draft
type of producer.”

Suction and Pressure Types.—The advantage of suction producers over pres-
sure producers lies under three headings:

First. There is less tendency in the suction producer to channeling distribu-
tion of gases within the producer being more uniform.

Second. The gasification of the fuel occurs more rapidly and readily below,
rather than above atmospheric pressure. This is instanced in a coal gas retort
and a coke oven, where the volume of gas increases rapidly in its delivery under
increased suction.

Third. The production of carbon monoxide is much more rapid under con-
ditions of suction than it is by pressure; this is probably by reason of certain con-
ditions of mass action, notably, perhaps, that the combined gas is withdrawn rapidly
and immediately upon its formation, and by its absence prevents the formation of
any neucleus or obstacle to the contact and union of the uncombined elements,
namely, carbon and oxygen.

In this way the rate of its union or combination remains uniform, whereas
under conditions of mass action under ordinary circumstances, chemical action
becomes materially slower in combination, by reason of the interposition of the
combined matter already formed. !

In pressure producers a constant pressure (about one-half inch of water) is
maintained on the gas main, and this regulated by the small steam valve on the
blower, which can be changed from a full head of gas to a complete stop, or vice
versa, by a few turns of the hand. When blast is entirely off, the producer will
remain hot and ready for business at a few minutes’ notice, for several days, without
any fuel being fed into it.

The chief distinction between suction and pressure producers may be marked
by the line between power and fuel purposes. There is scarcely a doubt but that
the formation of producer gas occurs more readily and rapidly below than above
atmospheric pressure, and the coal is more rapidly gasified. As a matter of fact,
suction producers would entirely supersede pressure producers were it not for the
impossibility of handling gases at a high temperature through the medium of an
exhauster.

The Brewster Engineering Company has designed an exhauster, water jacketed
throughout, which is supposed to have a capacity for handling gases up to 1200° F.,
but even with this apparatus it would be necessary to materially lower the tem-
perature of the gases leaving the producer before admitting them to the exhauster,
and hence a considerable amount of sensible heat would be lost in any fuel opera-
tion. This of course is necessary in any event in a power plant where the gas must
be both cleansed and condensed prior to its entry into the engine.

Where suction producers are used for the production of any large amount of
gas they should be connected in upon a header or bus-pipe with interposing valves,
so that the load upon each one could be regulated. This header acts as an equalizer
and can be in turn connected with the exhauster, and the valves aforesaid may be
so set as to prevent ¢ robbing.”’

It is not advisable to use single suction units larger than 8 or 10 ft. inside diam-
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eter, as after that the problem of hand stoking and the maintenance of the fire in
proper condition becomes impractical. Two or more suction producers should
never be connected to any apparatus without the intervention of the equalizing
pipe and exhauster, the latter being preferably of the water-seal or blow-back type.
Single suction producers may oceasionally be connected direct to the suction pipe
of an engine, although this arrangement is less efficient than that of an exhauster.

According to one manufacturer, the calorific power or heat value per cubic foot
of suction producer gas may average 159, lower than pressure gas, having less CO
and H, but requiring less air for combustion.

" This observation is, however, probably due to the attenuation of the gas under
suction or change of vapor tension. Understanding conditions, in the opinion of
the writer, there should be little or no difference, or if any, it would be in favor of
the suction apparatus; hence, where an exhaustor is interposed there would be
practically equal calorific power upon the plus side.

Water-seal Producers.—The water seal producer should be differentiated from
that of the grate type by reason of the following characteristics: The water-seal
producer is particularly available for units of large nature and where the gas is to
be used for furnace or purely fuel purposes. This is for two reasons: First, the
accessibility in stoking and the easy removal of large quantities of ash. -Second,
because such installations are usually placed in more or less open places, where the
leakage occurring through the blowing or cubbling of the seal is not objectionable.

Where the producer is installed for power purposes, however, the water seal
is not advisable, for the reason that the varying content of ash, that is to say, the
inerease or decrease in depth of the ash bed, makes the regulation of the fire and
the resultant uniformity of the gas a very difficult proposition. Hence where an
absolutely uniform gas is desired, as in power propositions, the grate producer
should be invariably used. Producers of the Morgan type are particularly adapted
to this (water seal) character of work.

The principal advantage of a water-seal producer lies in the opportunity it
affords for continuous running, it being possible to clean fires and withdraw ashes
without letting down or stopping the machine.

Water-seal producers may also be operated in combination with grates, which
enables a better regulation of the fuel bed.

Steam Supply.—The necessary steam pressure for operating the steam under
the producer, says Sexton, necessarily depends upon the size of the producer, the
nature of the fuel, the depth of the fire bed, and the kind of gas required. The
pressure, however, varies between 30 and 60 pounds per square inch, the latter being
most efficient for" use with the air inductor, although this pressure should not be
so great as to create channeling through the fire bed. Where high pressures are
used, they must be offset by very considerable reduction of the orifice and the use
of proper baffles within the producer.

The amount of steam used in a producer varies from 3 Ib. per pound of coal
gasified, which is about the minimum, to 2.5 Ibs., as exemplified by the Mond by-
product recovery system. The average will probably be, in average suction or
pressure producers, in commercial practice, about 0.7 Ibs. to 1 Ib. In the St. Louis
test the weights of steam varied from 0.3 to 0.6 Ibs. per pound of Pocahontas coal.
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The best proportions of steam and air cannot be rigidly fixed, the more steam
that is used the better, until a limit is reached, this limit depending mainly upon
the amount of heat that is available for decomposing the steam without unduly
cooling the producer, and this will depend on the loss of heat in the producer itself.
The average proportions when a producer is working well are about 10 parts steam
and 90 parts air by volume, rising sometimes to 12.5 parts of steam to 87.5 parts
air, but rarely passing beyond this. Taking 10 per cent of steam by volume as
being a good working proportion, this will be about 6 per cent of steam by weight,
and about one-fifth of the carbon will be burned by steam and four-fifths by air.

Assuming 6 per cent of steam by weight, it is very easy to calculate the amount
of fuel that will be consumed. Since 1 lb. of carbon will combine with 1.33 lbs.
oxygen to form carbon monoxide, and air contains 23 per cent by weight of oxygen,
1.33X 100_5 S ae

the amount of air required to burn 1 lb. of carbon will be 23

1
therefore 1 lb. of air will burn g§=0.171 Ib. of carbon.

One pound of carbon in decomposing steam will also combine with 1.33 lbs.
of oxygen, and this will be contained in 1.49 Ibs. of steam; therefore 1 Ib. of steam

1
will burn TE:O'M Ib. of carbon, so that for 100 lbs. of the gaseous mixture

94 lbs. of air  =0.171X94=16 lbs. of carbon burned by air.
6 “ * steam =067 X6 =4 “ “ e “ by steam,

F)E) lIbs. of steam and air =20 lbs. of carbon burned by mixture.

If loss of heat in the producer could be guarded against, a much larger propor-
tion of steam could be used. One engineer of large experience has stated to the
author that seven per cent by weight is the maximum amount of steam which should
be used in an ordinary steam-blown producer.

Assuming the proportions above given to be correct, it is easy to ascertain what
amount of steam will be required to work a gas producer. In all such ealculations
only the fixed carbon of the fuel must be taken into account, as all volatile matter
will be expelled before the residue comes under the action of the air and steam.
The amount of fixed carbon in fuel, and the amount of gas given off by the fuel,
should therefore always be determined. The amount of steam required will be 6 lbs.
for each 20 lbs. of carbon burned, or 0.3 lb. of steam for each pound of carbon.

Assuming the coal used to yield 60 per cent of fixed carbon, 0.6X0.3=0.18
Ib. of steam will be required for each pound of coal consumed. To be on the safe
side, the boilers should be capable of supplying two or three times this amount.

Each pound of carbon will require 5.8 lbs. of air, or 1 lb. of coal of the com-
position assumed will require 3.48 lbs. of air. As 1 Ib. of air under normal condi-
tions of pressure and temperature occupies 12.36 cubic feet, the volume of air required
will be 58.1 cubic feet for each pound of carbon, or 34.9 cubic feet for each pound
of coal consumed. The steam should be supplied at a high pressure, 60 lbs. to 75
Ibs. being usually used.
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For the purpose of introducing into the producer the steam with air supply,
the jet blower is simple, compact, and cheap, but it requires intelligent use. Its
advantages are greater when the gas is much cooled before use; less with a elose
connection of producer and furnace, and with soft coals than with carbonized fuels.
The use of steam increases the fuel by adding H to the gas, reduces the inert N, raises
calorific power, lowers exit temperature of gases and retards clinkering. It does
not produce more heat, simply transfers it from the generator to the furnace, where
it is burned by the potential heat value of the H instead of the less efficient means
of greater sensible heat in the gas.

Too much steam, however, reduces the combustible in the gas and lowers calorific
power, reducing the amount of CO and increasing CO2, and H. Jenkin reports analyses
as follows:

ExcEss OF STEAM.
Volume %.
Moderate. Great
CO, 5.30 8.90
CcO 23.50 . 16.40
CH, 3.30 2.55
H 13.14 18.60
<K

In gasification of coke there is often strong tendency to clinker, and use of more
steam may commend itself.

_Steam Temperature.—The effect of temperature on the reaction between
steam and C is of fundamental importance, says Wyer, and data showing the effects
of different temperatures are given. The figures were obtained from the experi-
ments of Dr. Bunte. The table shows conclusively that it is very deswable to keep
the decomposition zone at a high temperature.

EFFECTS OF TEMPERATURE ON ACTION OF STEAM

Percsentage i ComposITION OF GAS BY VOLUME.
Temperature, C. Decotxfla;l;gsed‘

H CO CO:

674 8.8 65.2 4.9 29.8

758 25.3 65.2 7 ots] 27.0

838 41.0 61.9 15.1 22.9

954 70.2 53.3 39.3 6.8

1010 94.0 48 .8 49.7 1.5
1125 99 .4 50.9 48.5 0.6

An investigation on the use of steam in gas-producer practice was undertaken
by W. A. Bone and R. V. Wheeler, and embodied in a paper read in 1907 before
the British Iron and Steel Institute. The producers selected for the trials were of
the Mond type. On leaving the producers, the hot gas passed through the super-
heaters, around which the air and steam forming the blast traveled, in the reverse
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direction, through annular space between the inner gas main and an outer jacket.
No recuperation was attempted in the air heating towers. The steam used for
saturating the air blast was partly exhaust steam (in the trials at 60° and 65° wholly
so) and partly live steam. The efficiency is based on the net calorific values of the
coal and gas. It includes the coal burned under the boiler for raising steam for the
blast, plus that required for the blower engine; also the coal equivalent for any
mechanical work required for cooling and washing the gas for engines. The boiler
had an efficiency of 58 per cent.

Steam saturation temperatwe. . ............. 60° 65° 70° 75° 80°
Mean percentage composition of gas obtained:

(B T R TR v, 1 bl LGl 3 © b 5.25 6.95 9.15 11.65 13.25

GO o a3 ] YT en s AR 27.30 25.40 21.70 18.35 16.05

T 0 by o Ll Po ope s « e E A R 16 .60 18.30 19.65 21.80 22.65

Ol bt A ok O AN o o o opt 2 ¥ B o o 3.35 3.40 3.40 [. 3.35 3.50

N A2y AR A S P I o o Ll 47.50 45.90 46.10 44 .83 44.55

Total combustibles...................... 47.25 47.10 44.75 43.50 42.20
Calorific value of gas (gross). .. ............. 46.77 46.74 44.74 43.37 42.73
Calloriesalr3 228 (IER) N, ar. .o g Lo A T SIS 43.60 43.32 41.14 39.65 38.69
Yield of gas, cubic feet per ton.............. 138,250 | 134,400 141,450 | 145,800 | 147,500
Pounds of steam in blast per pound of coal |

gasifiedt -1k S e ks S MLt P 0.45 | 0.55 0.80 1.10 1.55
Percentage of steam decomposed. .. ......... 87.4 | 80.0 61.4 52.0 40.0
Cubic feet of air at 32° F. and 30" in blast |

per pound carbon gasified............... 36.95 31.9 36.8 36.9 37.1
Ammonia in gas as pound of NH,SO, per ton

of coall (i LT L s O e e P 39.0 | 44.7 51.4 65.25 71.8
Efficiencies: }

(1) Including steam for blower engine. ... 0.778 0.750 0.727 0.701 0.665

(2) Including steam for blower engine and

washers. . o Tav kL i e "a e 8 0.715 0.687 0.660 0.640 0.604

St. John Recording Steam Meter.—The principle on which the meter operates
is that with a uniform difference of pressure on two sides of an orifice through
which steam is flowing, the quantity of steam passing bears a direct relation
to the size of the orifice. In this meter steam enters at the bottom, and follow-
ing the direction of the arrows leaves at the top. In the section shown S is a brass
bushing serewed into the portion of the casting which separates the spaces A4 and
B. A brass valve V is shown with tapered shank or plug supported at top and
bottom, running in guides in the castings. This valve operates in such manner that
when in its lowest position the top of the tapered plug fits closely within the brass
bushing or seat, and the lip of the valve rests on the seat and no steam can flow.
When the valve is raised, the space between the tapered plug and the seat increases
from zero to a maximum when the valve is in its highest position and the rate of
increase depends upon the taper of the plug.

The space between the tapered plug and the seat S is, then, the orifice through
which the steam flows and the size of the orifice varies as the plug rises or falls,
which occurs with the increase or decrease in the quantity of steam flowing.
The weight of the plug is such that the pressure beneath the plug in space A
must be about two pounds greater than in space B in order to raise the valve or
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keep it raised off the seat and floating in the current of steam. The weight of the
valve remaining the same at all times, the difference in pressure on the two sides
of the orifice of about two pounds per square inch will remain the same no matter

what position the valve may occupy.
The means by which the size of the orifice varies automatically with the
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Fig. 11.—Section of the St. John Steam Meter.

draft of steam through the meter, and the means by which a uniform difference
of pressure is maintained at all times on the two sides of the orifice, is thus shown.

The taper of the plug is such that the amount of steam passing through the
orifice per hour is directly proportional to the rise of the valve. That is, if 1000
pounds of steam will pass in one hour when the valve is raised one inch, then when
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the valve is raised two-inches 2000 pounds will pass, and with a raise of one-half
inch 500 pounds per hour will pass. Thus the rise of the valve is a direct indica-
tion of the quantity of steam flowing through the meter per hour.

Fra. 12.—View of the St. John Steam Meter.

To transfer this motion to the pencil-arm outside of the meter casing, which
carries the pencil and pointer, a lever arm inside the casing is supported at the
center of rotation by a spindle, and is connected in proper manner to the upper
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valve spindle at N. The horizontal spindle at O projects through the meter casing
to support the pencil-arm, and is provided with a small stuffing box to prevent
leakage of steam. The pencil-arm is set at such an angle with relation to the inside
lever arm that when the valve is on its seat the pointer will be over the zero of
the dial scale. Above the pencil held by the pencil-arm is a second pencil in a
holder attached to the register frame, which may be adjusted horizontally and which
should be set so that it is directly above the moving pencil and so that the lines
drawn by the two pencils will coincide when the valve is on its seat and the pointer
at zero. This line drawn by the stationary penecil is called the base line.

The vertical movement of the valve thus produces a horizontal movement of
the pointer over the dial and of the pencil over the paper chart. With a proper
scale engraved upon the brass dial in accordance with the calibration of the meter,
the rate of flow of steam through the meter, either in pounds per hour or in horse-
power, may be read from the dial at any instant. At the same time, with a proper
scale of equal divisions marked upon the length of the chart to represent hours,
and a” uniform vertical movement of the chart upward under the pencil at such a
rate that hour divisions marked on the paper will pass under the pencil at hourly
intervals of time, the pencil will face a line the distance of which from the base-
line will remain as a record of the rise of the valve and hence of the rate of flow
of steam at all times throughout the day. This line, drawn by the moving pencil,
is called the steam line. The motion of the chart is produced by two brass rollers
held against each other by springs, between which the chart passes, and which are
operated by clockwork.

Every meter is calibrated under working conditions, the steam after passing
through the meter being condensed by means of a surface condenser and the water
weighed in a tank on scales. The brass indicator scale is cut after the meter is
calibrated and the rate of the meter determined.

Sargent Steam or Compressed Air Meter.—The demand for a device which
would accurately record or indicate the quantity of steam passing through a pipe
has long been recognized by engineers. There are numerous ways of calculating
the rate of flow of steam through orifices and pipes, but the conditions are usually
such that these calculations do not conform with reason. Variations in the moisture
contained in steam, different degrees of superheat, and the skin friction of the pipe,
are factors which introduce errors in calculations. The most reliable method of
determining the quantity of steam passing through a pipe is, of course, to condense
the steam and weigh the condensate.

In view of the above mentioned demand, the Sargent steam and compressed
air meter was designed and placed upon the market. The device indicates the
quantity of steam flowing through a pipe, irrespective of the pressure, and is said
to be accurate within 29.

The valve of the meter is cone shaped in order to attain a large movement for
complete opening of the valve. The raising and lowering of the valve indicates
volume, and a Bourdon spring, carried by a valve stem in the lower part of the
meter, carries a needle which is given vertical movement by the valve opening,
and lateral motion by the pressure produced on the Bourdon spring. This needle
moves before a dial which has been calculated and laid out from actual test.
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In testing, the meter is placed on a steam line which leads to a 3000 h.p.
condenser close by. The per cent of moisture in the steam is determined by a
throttling steam calorimeter, and is usually found to be about 29;. Several tests
with various valve openings and pressures are taken, and after a complete log is
taken, a dial based on the test log is laid out. 'When such means are adopted for
testing the device, its accuracy can bhe fully relied upon.

It is used for testing engines where surface condensers are not available for
testing the capacity of boilers and for measuring the amount of steam used in each
department of industrial plants. It is used by many who sell steam, and by others
who buy steam. By placing it on the steam pipe to your engine you can tell at a
glance the horsepower the engine is developing or the pounds of steam required to
carry your load.

If the meter is located in a steam header and the coal is weighed, the pounds
of water evaporated per pound can be determined by simple inspection, and the
cost of evaporating a pound of water with different grades of coal is readily deter-
mined without the expense of elaborate tests.

The Sargent steam meter indicates the quantity of steam, or horsepower,
flowing through just as a steam gauge indicates the pressure on the boiler, and if the
steam from the meter is condensed and weighed, the indications will check irre-
spective of the pressure. Each meter is calibrated separately, and the dial is made
from the results obtained.

The meters are tested with commercially dry steam and when used to measure
steam of the same quality are always reliable. A very wet steam or slugs of water
have no injurious effect upon the workings of the meter and cannot derange the
working parts. y X

The location of the meter may be anywhere in the steam line, preferably close
to the boilers, where the flow is uniform. If placed near an engine, a tank or drum
holding two or three times the capacity of the cylinder should be inserted between
the meter and the engine. In a long run of pipe, where there is liable to be con-
siderable condensation, a separator before the meter should be inserted if very
accurate results are desired.

Grates.—Grates for producers may be classified in general under two heads.
A. Those depending upon the natural angle of repose of the fuel. B. Those of the
grid type, either cast as in the Herringbone and shaking grates, or straight bars of
steel. Their respective merits and disadvantages stated briefly are as follows:

Probably the best universal grate, and that most generally adapted to the
widest range of fuels, consists of a number of simple wedge-shaped cast-iron or steel
bars (the former being most cheaply replaced), these bars being loosely laid on two
or more girders intersecting the diameter of the producer.

Square bars may also be used. The ease and cheapness with which the bars
may be replaced form their chief advantage, in addition to which they are fairly
efficient in their distribution of draft. Distance blocks may or may not be used
for keeping them in place, as conditions require.

The admission of steam, with blast beneath the grate bars, creates, of course,
a material saving in their life. This is also the case where water is maintained in
the ash pit. It should be borne in mind, however, that when water is carried to
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Fi6. 15—Top View of Grate. Fia. 16.—Section of Grate Bars.
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the ash pit, the endothermic agent is materially increased, the evaporation becom-
ing as high as 0.3 lb. of water per pound of coal, gasified, where the heats carried
are high. :

Angle of Repose Grates. The angle of repose grates, under which class come not
only the bar grates interspaced, but the step grhtes, ring grates, conical grates, and
inverted grates, which are used more especially in Germany in connection with low
grade fuels. They have a single advantage of not clogging easily, and being, when
properly designed, more accessible and readily cleaned. This constitutes a material
factor where the fuel used is of a fluxing, fining, or highly resinous nature, wherein
the voids of an ordinary grate tend to plug or clog, while in the first and last classes
the grates are clogged by the viscous matter, in the case of some fuels not dissimilar
to molten asphalt.

As a disadvantage, however, the repose grate is exceedingly uneconomical,
the leakagé of fuel through them being excessive, especially if not manipulated
with the greatest care. This tends to make them impractical, except with a more
or less resinous or coking fuel, which tends to bridge or arch over their spacing and
retain the coal from ‘‘ running.”

Another questionable disadvantage is the fact that the repose grates blank
a large surface of the active area of the producer; also it converges or baffles to
some extent the incoming air, and it is therefore a question whether, on the up-
draft producer, its diffusion is as complete or thorough as that of the grid type.

Grid-Type Grates. The grid grates, especially the better design, have a more
universal and uniform distribution of voids over the total cross-section of the pro-
ducer. Theoretically they are unquestionably satisfactory, but practically these
grates stop up by reason of the small size of their apertures and voids, and in actual
practice, particularly where the fuel is either resinous or fines (in other words, in any
other than a coking coal), a large percentage of the voids are continually stopped,
and hence a considerable portion of the active grate surface is blanked.

So far is this true that there are several grate manufacturers supplying boiler
furnaces who make guarantees of non-clinkering on the simple fact that they are
able to keep the voids in their grates open, and that where the voids are clear and
the draft equal and uniform in pressure and volume throughout the entire active
surface of the furnace, no clinker will result.

As a matter of fact, we are aware that inequality in temperature is the primal
cause of clinkering in any furnace or producer, and moreover we know that such
inequality is subtended by unequal draft and the resultant combustion area.

However, the maintaining of these voids in a clear and free condition in grates
of the grid type is- theoretically a satisfactory arrangement, but practically is
extremely difficult.

Shaking Grates. An illustration of the shaking grate is the one manufactured
by the New England Roller Grate Co., of Springfield, Massachusetts, such as has heen
used with some degree of satisfaction by the writer. The special claim of this grate
reverts to its freedom from blanks or dead spots and the equality of its draft dis-
tribution.

As a general consideration, however, the character of the grate must depend
upon the class of fuel used, the size of the voids of course depending upon its nature,
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a memorandum of which has been given elsewhere. Where fuel of a resinous or
clogging nature is to be used, especially fuels containing high quantities of sulphur
and bituminous matter, which has a tendency to flux or run, it will probably be
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Fic. 17.—Shaking Grates Applied to Gas Producer.
found expedient to use the grates of the repose type, even at the expense of wasted
fuel.

Down-Draft Grates. The grates used in the apparatus of the Loomis-Pettibone
type are of fire-brick and are somewhat difficult of cleaning and ash removal.
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F1c. 18.—Water-cooled Repose Grates.

There is no particular disadvantage in water-cooled grates (only necessary in
down-draft), where the gas is used for power purposes, if a fairly heavy ash bed is
interposed between the grates and the combustion area, preventing undue heab
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transference between same. The water cooling of the grates does not rob the fire
of an unreasonable amount of heat, and serves as a first stage of condensing or
cooling of the sensible heat of the outgoing gases.

Size of Bars. With regard to the specifications of grates, these should be
invariably designed with reference to the fuel to be used. For anthracite coal the
bars in the grate should be of the following diameter approximately: rice }-inch;
pea %-inch; nut i-inch; egg Z-inch.

Where a mixed fuel is used, that is to say a fuel of mixed sizes, the size of the
bars should be in correspondence with that of the smaller fuel used. Bituminous
coal, run of mine, requires bars from § to }-inch; slack }-inch.

For a clinker anthracite coal, dumping grates should be invariably used, while
with a non-clinkering bituminous coal shaking grates are usually satisfactory. For

DA

F16. 19.—Water-cooled Repose Grates, Area Reduced by Blanks.

non-clinkering anthracite or bituminous, ordinary grate bars may be used, but for
all around purposes a combination of shaking and dumping grate will be found to
give the best results.

Repose Grates. Repose grates are designed with special reference to ease of
stoking and cleaning, distribution of ecireulation, and for use with down-draft
apparatus, though not limited to that type. The grate consists of a number of
triangular bars which are water cooled with water circulation occurring through
a header upon one side of the producer. These bars are so introduced as to create
certain angles of repose of the ash bed within their voids, the effect being to accel-
erate and distribute the flow of the air or gases through the total area atequal
pressure.

Another arrangement shows a combination of the bars for blanking certain
portions of the cross-section of the producer, where, by reason of adjacency to the
tuyeres or otherwise, there may have been an undue short-circuiting of the gas or
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air, and it is by retarding this tendency, or by baflling or diverting, to disseminate
the flow more generally throughout the cross-section, diminishing, channeling, wire
drawing, or localization of draft.

Besides the mere chemical advantage of general distribution the blanking of
the grate permits the drawing away of the hydrocarbon produets of the distillation
zone from any combustion vortex a,n(l a consequent reduction of secondary com-
bustion within the producer.

These grates may also be pivoted and used as rocking and dumping grates,
the upper and lower tiers being operated seriatim. In no instance, however, is their
fuel efliciency very high. Where used in down-draft apparatus a relatively high
ash bed should be carried, both to prevent waste of fuel and to insulate the com-
bustion zone from the grates, hence diminishing the heat transference and * rob-
bing ”’ of the jacket water. The water cooling then tends merely to cool and con-
dense the effluent gases, instead of abstracting useful heat from the fire at the
expense of fuel. Repose grates are most satisfactory, and their fuel loss reduced
to a minimum in the use of coking coal.

Grates for Lignites. Where lignites or low-grade fuels are used it is sometimes
necessary to insert a secondary or upper grate in the shaft of the producer for the
purpose of supporting the upper section of the fuel charge and the maintenance
of an incandescent or dissociation zone. This is to prevent or equalize the exces-
sive rapidity in the drop of the charge at a critical point of temperature or stage
of combustion, which the writer will term the point of “ ashification.”

This eritical point in the combustion of low-grade fuels occurs by reason of
the distilling out of the high moisture and volatile content, which acts as a binder
between the ecarbon and the diluent elements of the fuel.

In the case of low-grade fuels this distillation of the bhinding elements (princi-
pally moisture and hydrogen) is very rapid, and results in the sudden “ fining”
or precipitation on the part of the fuel, the high ash content serving to choke the
draft, and through its insulating properties to prevent chemical reaction necessary
for gas formation.

A condition analogcus to this is found in lime burning, where the paradox
exists that the softer or less refractory the lime stone (CaCOjz) the more difficult it
is to burn. This is by reason of certain mass action; that is to say, that prior to
calcination (reaction to CaQ) at an early period of the process, and at a relatively"
low temperature, the stone disintegrates or fines, creating a precipitation of finely
powdered, closely packed limestone, forming a dense mass almost impenetrable
to the passage of air or gases, and presenting a poor heat conductor necessary to
the final calecination.

The interposition of the second grate aforesaid supports the fire but prevents
packing consequent to the conditions named. Though but little used in America
they have had long and sucecessful operation abroad. The fact that a 10 per cent
ash content in using coal is at present the American limit of low-grade fuel utiliza-
tion, while the German practice has run as high as 40 per cent moisture and 20 per
cent ash, is an attest to the efficiency of the arrangement. In Germany the Jahns-
Ring producer has been successfully run upon fuels containing only 20 per cent of
combustible matter.
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F1a. 20.—Repose Grates for Lignite Fuel.
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In this country the utilization of such poor fuels has not yet been attempted,
nor should the writer advise its attempt in any type of shaft producer. The use
of the double grate herein suggested is advisable for fuels approximating 20 per cent
or more of moisture, or in those fuels where the “ ashification ”” is extremely rapid.

The auxiliary or upper grate is best made of heavy fire-brick, cored, and rein-
forced with iron piping, which may be supported in various manners—the piping
or core of the grate being water cooled.

The iron cores are for strengthening the grate and making it more solid and
durable, while this water is cooling a precaution against over-heating. The fire-
brick covering is essential to the grate, in order that the center of the fuel hed, where
it reposes, shall be robbed of the minimum heat.

Burning Out. Franz Walter, of the Vienna Gas Works, notes that the fire bars
or grate bars have the appearance of being melted, when such cannot in reality be
the case, as the temperature maintained at this location in the furnace is below the
point of fusion, nor are the bars sulphided.

Mr. Walter attributes the result to the slagging of the iron with silica and ash
content of the fuel in the presence of the moist and heated air. The slag becomes
more and more basic, finally attaining the composition of 2FeOSiO2, which has
the power of dissolving large quantities of iron oxide, Fe;O3. Consequently bars
may be found with absolutely no metallic iron in them.

These changes occur of course only in high temperatures, and to prevent this
action tubular bars or air-cooled bars are necessary, or at least interspersed between
solid bars in the proportion of two tubular bars to one solid one.



CHAPTER 11
CLEANING THE GAS

General Conditions.—In considering the necessary conditions of cleaning gas,
two elements must be thoroughly understood; first, the nature of the impurities
to be removed, and second, the conditions under which these impurities are removed.

To all present purposes under the first head, the impurities in gas consist of
three classes, namely, dry, liquid, and semi-liquid. TUnder the first we may include
lampblack, metallic dust, and small portions of ash. Under the second, moisture,
steam, and aqueous vapor. Under the third, tar, and also an emulsion containing
all or several of the foregoing ingredients in various proportions.

The condition, under which gas precipitates its impurities are, generally speak-
ing, as follows:

a. Cooling. This condition primarily effects a change of volume, a change of
density, a change of vapor tension, and a consequent dew point.

_b. Change of volume. This condition of precipitation of impurities oceurs largely
through a change of vapor tension.

c. Change of pressure. 1t is well known that an increase of pressure tends to
compress out any supersaturation of gases, probably due to the change of volume,
as noted in b.

d. Impingement. The impingement of a gas upon any baffling substance tends
to remove its impurities, probably because of the strong capillary and cohesive
attraction of these impurities themselves.

e. Centrifugal action. The centrifugal action by which gas, when revolved about
any axis, tends to rid itself of any impurities, is easily understood, and this is due
of course to the greater density of those impurities.

J. Reversion of direction. Any gas whose direction or flow is reversed or
diverted tends to deposit its saturation of impurities. It is likely that this phenom-
enon, however, is caused by certain centrifugal action, as suggested in e.

g. Velocity. Another function of gas is to deposit its saturation, or rather super-
saturation, at whatever point its velocity of flow may be caused to lessen.

h. Filtration. Passing through screens or beds of porous material.

i. Washing. Efforts are being made by a number of manufacturers of apparatus
to purify producer gas through filtration, the line upon which many of them are
working being to bubble the gas from a number of orifices through a seal or lute of
oil beneath which the gas has been submerged. This oil is periodieally filtered and
renewed. The system is said to be fairly efficacious for the removal of dust and

lampblack.
49
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Bearing these functions in mind, the purification of gas should be done about
as follows:

It may be sufficient, where gas is used merely for furnace or boiler firing, to
remove the dust or dry impurities, such impurity, especially in the instance of blast
furnace gas, tending to clog the mains, choke up flues and linings, and create further
objectionable difficulties.

It should be remembered, however, that a reduction in the sensible tempera-
ture of a gas means a resultant deduction or subtraction from the resultant flame
temperature of combustion. This purification must therefore be accomplished with
the least possible loss of heat and the baffle separator involving the principle of
impingement and reversion of direction is to be recommended.

Where gas is to be used for power, however, a complete purification is necessary,
for it is the history of gas power work that almost without exception failure in
successful operation is to be attributed to impure and unfiltered gas.

Moreover, it is necessary in power work to condense the heat value of a gas into
its least possible compass (under ordinary conditions say at 86° F.) and to this end
a cooling process must be effected.

The cooling process creates a dew point or precipitaion of all liquid or semi-
liquid contents, for it is a known fact 1 cu.ft. of space at 70° F. cannot contain
more than 8 gr. of water vapor, or 1 cu.ft. at 50° F. more than 4 gr., nor can
1 cu.ft. at 32° F. contain more than 2 gr.

The more quickly a gas is cooled after manufacture the sooner its volume is
reduced and the more rapidly it may be handled in subsequent stages of the puri-
fication; that is to say, assuming one thousand feet of gas to leave the producer
at 560° F., when this gas is reduced to 60° F. the volume would be approximately
only 500 cu.ft., which frcm the standpoint of both pumping and cleaning can be
much more economically and efficiently handled. We will therefore see that the
wet scrubber for power work should be logically the first in the series.

The tar and the emulsions which have been referred to are, however, too tena-
cious to be removed by merely cooling and washing, the tendency of the gas more-
over being to pass through the wet serubber, even one of the film or mist type, more
or less in the form of rivers or chimneys, the intermixture not being particularly
intimate.

To overcome this and obtain a closer mixture, and for more thorough serub-
bing, a power scrubber is next intervened, its functions being multiple, tending to
(a) coagulate the tar globules (oils and moisture), (b) to break up intermixing,
and finally divide gas and water, thoroughly cleansing and cooling it, and (¢) to rid
the gas of its impurities through centrifugal action. Where very severe scrubbing is
required it is sometimes necessary to connect two or more of these rotary scrubbers
in series.

Following what is usually customary, though not always necessary, to have
dry scrubbers where some filtering material tends, through the above principle of
baffling and impingement, to remove any impurity which has escaped the foregoing
process and to take out any moisture which may have been carried over in suspense.

Following these last in series and usually made adjacent to the engine is the
receiving tank, which performs the following functions: First, to have a large supply
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of gas made adjacent to the engine and by its elastic volume to act as a cushion
for the cutoffs of the valves, thereby preventing any ‘ hammer,” and also to act as
a moisture separator, freeing the gas from any moisture carried over from the purify-
ing system or (a/more frequent evil, especially after stand-bys) condensation in the
pipes.

This receiving tank may or may not contain baffle plates. In the latter case
it depends upon the actions (b) and (g), that is to say, change of volume and of
veloeity of flow, as previously described.

Efficiency is materially increased by inereasing the size of serubbers and con-
nections. For two reasons: First: with increased volume gas distends and presents
more surface for cooling and serubbing action; second, the velocity of passage
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F:c. 21.—Dry Scrubber used by the Lackawanna Steel Co.

per unit of gas is decreased, with the result that the mechanical ingredients tend to
settle by gravity.

Connections should be as elastic as possible, permitting as nearly as possible
the temporary by-passing of any unit, as it is often possible by temporarily over-
loading the remaining unit, to by-pass and repair an obstruction and thereby pre-
vent a total shut down. With the exception of the engine, practically all of the
other apparatus may be momentarily overloaded to a considerable extent.

Dry Scrubbers.—Dry scrubbers and small apparatus should have hopper-
shaped dumping valves to facilitate cleaning and removal of stoppages. These
valves are dust sealed with automatic dust doors, held in place with levers and
counter weights, serving as blow-off or safety valves in case of puffs or explosions.

The Lackawanna Steel Company purifies its blast gas down to 0.663 and to
0.524 grains of dust per 3500 cu.ft.
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The dry scrubber is preferably designed with two compartments, so arranged
that the gas may be turned in either part of the scrubber at will. The dry scrubber
should be equal in area to the net in side diameter of the generator, according to
the best English practice.

Oil soaked excelsior is extenswel} used as a scrubbing material.

Concerning filtering material to be used in scrubbers, generally speaking, broken
coke in a wet scrubber is most serviceable, as after it has become fouled it may be
burned. Sawdust or small shavings in the dry scrubber or coke-breeze, the latter
to a depth of 30 in., may be used if the gas is perfectly dry upon reaching the dry
purifier; otherwise 1t has a tendency to pack.

Mineral wool is one of the best substances for dry scrubbers, and very oily waste
can likewise be used to advantage.

The most satisfactory filling for dry serubbers would seem to be a mixture of
sawdust and planer chips, say half-and-half. This combination possesses the scour-
ing advantages of the sawdust, while packing is prevented by the intermixture of
the shavings. The sawdust also has a tendency to fill in the voids otherwise left
by the shavings.

Removing Dust from Furnace Gas.—The illustrated apparatus showing arrange-
ment of gas cleaning apparatus covers a layout for a hundred ton blast furnace, as
made by the Buffalo Forge Co., who have had perhaps the largest experience in
the United States in the construction of such plants for the steel manufacturing
industry. The equipment is capable of handling 10,000 cu.ft. of gas per minute.
This capacity, is measured at the discharge of the rotary scrubbers, where the gas
may be at a temperature of about 125° F.

Upon leaving the blast furnace the gas would pass through a 42-in. duct, which
should be constructed of J%-in. black steel, lined with fire-brick, to the cooling spray
chamber. This is constructed of the same material, and equipped with three sets
of spray nozzles, which injects a fine spray of water in a direction opposite to that
of the flow of the gas. These nozzles require about 72 gallons of water per minute
at a pressure of 25 lbs.

After passing through this chamber the gas enters the dry-dust separator as
shown, where a considerable portion of the dust is deposited, and drawn out through
a gate at the lower end of the separator. After leaving the separator, the gas
passes through the vertical static scrubber and washer. This is equipped with
four sets of nozzles, discharging the water in a direction opposite to the flow of
gas. This requires 260 gallons of water per minute at a pressure of 25 lbs. per
sq.in. This scrubber is arranged with a water seal at the bottom, so that the dust
extracted from the gas would pass out into the settling tank below.

Upon leaving this washer the gas passes into one of the rotary scrubbers and
blowers. These are shown in duplicate, only one of which is operated at a time,
each having a capacity of 10,000 feet of gas per minute. In addition to this being
a rotary scrubber, it also acts as an exhaust fan, giving a suction corresponding to
a 4-in. water column at the inlet. This requires 120 gallons of water per
minute.

The gas, upon leaving this rotary serubber, is ready for the gas engine, and does
not contain more than 0.02 grain of dust per cubic foot. This is sufficiently clean
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for gas engines. As a matter of fact it has been found by test that the dust will
not be more than 0.01 grain per cubie foot.

These scrubbers are really a three-stage exhauster. The gas entering the first
stage is thrown against the periphery of the shell, where it comes in contact with
a large number of sprays. There is also a number of sprays at the inlet. The gas
being thrown against the peripheral shell at a high velocity the dust comes in
contact with a sheet of water and is carried away through a water seal, while the
gas passes over into the second stage which is in the same shell as the first stage,
and here the gas passes inwardly to the third stage. These two wheels in the first
and second stage are of approximately the same diameter, and counteract each
other.

The gas entering the thira stage has almost the same pressure as when it entered
the first. In the third stage there are also a number of sprays giving a sheet of
water around the peripheral shell, and the dust that happened to escape the water
in the first stage is extracted in the third. Here the gas is discharged at the per-
iphery, as in ordinary fans, and against a pressure determined by the speed and
diameter of the blast wheel. These rotary scrubbers require a speed of 565 r.p.m.
and should be directly connected to 50 h.p. motors.

The cleaning of furnace gas is becoming of great importance in the economical
manufacture of iron and steel. It is necessary to clean furnace gas of practieally
all the solid matter, consisting of the furnace ingredients, in order to use the gas
successfully in internal combustion engines, and is also found desirable and pro-
ductive of economy to partially clean the gas used in the stoves and blast furnaces.
The dust and dirt from uncleaned gas amounting to 12 to 30 gms. per cubic meter
(5 to 13 grains per cubic foot) is gradually deposited on the heating surface of
the stoves, and acting as an insulator prevents the rapid absorption of the heat
by the brick work, and also makes the frequent cleaning of the stoves imperative.
Higher temperatures are obtained when clean gas is used, and it has been found that
the saving in coke consumption under these conditions amounts in a 100-ton fur-
nace to about $9000 per year; this of course depending entirely upon the analysis
of both the ore and fuel used. ;

While the large particles of ore, limestone, and coke in the gas are precipitated
by gravity into the pockets of the flues, the fine and impalpable dust will remain
suspended in the gas-like smoke in the atmosphere, and can only be removed by
washing, filtering, and the various processes described. When furnace gas is used
for fuel in the cylinder of an engine a very small amount of dust is prohibitive, as
it, naturally gritty, will unite with the oil of lubrication, forming a pasty mass
which produces an abrasive effect only excelled by oil and emery. As 75 per cent
of the dust is metallic oxide, it, when subjected to a temperature of 3000° F., the
heat of inflammation, will be precipitated as iron or steel. The impalpable dust,
so light that it will be carried along with the current of gases, does not affect the
furnace stoves so rapidly, and the gas used in these regenerators need not of course
be as clean as the gas used in the engine cylinders. In fact, if the gas used in the
furnace stoves has less than 0.5 gm. of dust per cubic meter (0.22 grains per cubic
foot) the heating effect of the gas is too rapid and intense and the melting of the
brick lining is liable to take place. On the other hand, gas used in internal com-
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bustion engines should not have over 0.02 gm. of dust per cubic meter (0.009
grain per cubic foot) or the wearing of the engine cylinder will be excessive. When
used under boilers for making steam, the freer the gas from solid matter the better.
The efficiency of/ gas-fired boilers depends as much on the side of the tube next to
the fire being clean as the side surrounded by the water.

The maximum limit of cleaning blast gas, however, should not exceed, even
for boiler firing, a purity of extraction with a less limit of residual exceeding
0.2 grain of dust per cubic foot. The dust in blast furnace work varies largely, and
depends of course on the quality of coal and the analysis of the ore being reduced.

Nearly all the difficulties experienced in America with blast gas for power pur-
poses have been derived from an improper or insufficient cleaning. The dust con-
tained in blast furnace gas largely exceeds that derived from producer gas manu-
facture, one reason being the high velocity of the blast and the high rate of gasification
of blast furnaces, ranging all the way from 50 to 100 lbs. of fuel per square foot of
cross-section.

Moreover, the dust of blast furnaces varies greatly from that of producer gas
in analysis, more than three-fourths of its content being metallic ingredients derived
from the ore.

By reason of its leanness or low calorific value it is necessary to condense blast
furnace gas to its smallest possible compass, which entails complete condensation.
This usually involves a range of temperature in its reduction of volume of from 150
to 25 or 30° C.

Constant accurate determination is an essential accessory for every steel or
producer plant: in the former, for both power and hot stove work, and for the latter
for all power purposes. Proper apparatus in such investigation and record must
necessarily be installed.

Dust Determination.—Such an instrument must be simple, its accuracy unques-
tionable, and its design such that the determinations may be made hourly or as
often as desired. The ordinary method of determining the dust in the air or gas
is to make a filter of a glass tube filled with absorbent cotton through which the
air to be filtered flows. The gas is measured through a test meter and the cotton
is weighed before and after. This method might give accurate results if the cotton
always has the same density throughout the tube and were not hydroscopic. The
cotton may be packed in so loosely that some of the dust will work through, and
unless the cotton is carefully dried over calcium chloride and weighed several times,
a long and tedious process, errors will naturally arise. Experiments have shown
that as two cotton-filled tubes are used in tandem, the second will increase in
weight, showing that some of the impalpable dust is not retained by the first tube.
The filtering medium for the apparatus herein described is simply a diaphragm
of white filter paper through which the gas percolates, but on account of the minute
interstices of the medium every atom of dust or dirt remains behind. The side
through which the gas enters becomes the color of dust, while the other side remains
uncolored. When two filters are used in tandem, the second does not increase in
weight, showing that no dust permeates such a filtering medium. The velocity
of the gas through the filters and a test meter which has but a one-quarter inch
pipe, is not rapid, and if the instrument is erected some distance from the main
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supply pipe, the deposition of dust on the way to filter will cause an appreciable
error. In the apparatus described, the three-quarter inch pipe passing across the
top of the filter holder allows a considerable quantity of gas, which keeps the dust
stirred up to pass the opening, to filter at a fair velocity so that the amount filtered
out must be indicative of the total dust in gas.

By keeping continuous records of the dust in the gas before and after clean-
ing, the efficiency of the cleaners can be maintained. A check on the operation
of the furnace is possible and the minimum wear of the engine cylinders is insured.

F1a. 23.—Sargent Dust Determinator, Compact form.

A record of the condition of the furnace gas is essential in its commercial use. The
illustration shows the complete self-contained determinator, which consists of a port-
able case containing an accurate test meter, two filter holders in section, complete
cross-connection three-quarter inch brass piping, so that gas to be tested may flow
over the mouth of either filter, and hose connections allowing the gas passing through
the filter paper to be accurately measured through the test meter. When the desired
percentage of moisture in the gas is obtained, the gas is passed through a cooling
coil, where most of the moisture is condensed and precipitated in a collecting bottle.
After passing the cooling coil the gas is passed through three or four bottles of
calcium chloride, removing effectually any further moisture in the gas before it is
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metered or its calorific value is determined. When the determinations are merely
for finding the percentage of dust, the cleaned gas, after leaving the meter, is mingled
with the main supply and burned or wasted to the atmosphere. The cleaned dried
gas may be passed through an automatic calorimeter, by which the B.T.U. are
determined as well as the hydrogen in the gas. A complete record of the dust and
calorific value is an indication of the internal furnace conditions described in the
economical manufacture of steel. By using two filter holders continuous determi-
nation can be made. By the proper manipulation of the valves gas can be passed
through either filter, while the dust collected in the other per cubic foot of gas burned
is being ascertained. On account of the moisture in the gas softening up the filter
paper, a wire gauze is inserted under the filtering medium which prevents the weight

Fig. 24.—Sargent Determinator, complete.

of the dust from tearing it. As the deposited dust and filter paper remain more
porous if kept warm and dry, an incandescent lamp or candle is burned under the
filter holder in use. The inlet and outlet pipe for gas passes through the case, which
is provided with a door and lock and may be left running for twenty-four hours if
desired, though hourly readings may be obtained if the variations of the dust under
different conditions are desired. The proportion of gas wasting and going through
the meter is adjustable, and can be regulated to suit the conditions and location
of the apparatus relative to the flue from which the sample is taken. If the burn-
ing or wasting of the gas flowing by the filter mouth is not desirable it may be
piped back into the gas flue in such a way as to maintain a circulation through the
shunt.

The operation of the determinator is as follows:

Locate the instrument as close to the flue containing the gas as practicable.
Run a three-quarter inch pipe from flue to inlet pipe at the case. Run the waste
pipe where desired. Level and fill test meter with water until it rises to the level
indicated in the glass by the pointer. Place filter paper in holder and tighten thumb
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serews. (This may be done in the laboratory where filter paper is weighed if desired,
and holder can be connected up by union.) Note the reading of gas meter, the date
and hour; write same on the filter holder being used. After a certain time, depend-
ing on the amount of dust in the gas, the meter is read and the gas by-passed
through the other filter which had been previously prepared. Remove the filter
holder and determine the amount of dust collected as follows: The filter paper
having previously been dried and weighed should be ecarefully dried again by
subjecting it and the dust attached to the same temperature, not less than 212° F,
This will drive off the moisture, and the difference between the weight of the clean
paper and the dust-covered paper will give the new amount of dust which, divided
by the cubic feet of gas, will give the grains or grams per cubie foot.

To get the percentage of moisture, weigh the water precipitated in the inverted
flask below condenser, and by weighing each flask of caleium chloride (the weight
of each having been noted before test began), the percentage of moisture is readily
obtained. In order to be sure that all moisture has been extracted, the last flask
through which the gas passes should not increase in weight.
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Fia. 25.—Test for Dust and Moisture.

A pressure gauge and thermometer at the meter will allow of a reduction of
the meter reading to standard, should this be desired for comparison. As fifteen
to twenty-five per cent of the dust in furnace gas is coke, it is not advisable to
determine the total dust by ineineration, though this method is used where the
solid matter colleeted contains no combustible.

When air or gas at or below atmospheric pressure are analyzed for foreign mat-
ter, a water ejector is used to draw the air through filter and meter. If the dust or
tar is desired, as well as the calorific value of the gas, the pressure of which is below
atmospherie, our ejector and separator which draws gas through filters and forces
it through meter into chlorimeter, is used. Separate dust determination is made
by precipitating tar and by cooling gas before entering filter.

For making tar determination place a piece of absorbent cotton above the
filter paper in the filter holder, running the same as in the determination of dust.
Separate moisture is determined by connecting calcium chloride flasks direct to
the gas supply. The above dust determinator is manufactured by the Sargent
Steam Meter Co., of Chicago.



CLEANING THE GAS 59

The accompanying illustration is a rough sketch of an apparatus which is used
to some extent among the steel plants for the removal of dust and chemieal impuri-
ties in the blast furnace. This instrument is made of brass and aluminum. It
consists of a receiver containing a perforated metal shelf for the support of the filter
paper, which is placed thereon, and which serves to collect tar and dust. The stem
of the apparatus contains calcium chloride, from whence the moisture content is
determined. It is possible to make a direct determination of the supersaturation
in gas by condensing it directly by passing through a water-jacketed worm.

Influence of Dust.—In a letter under date of July 3, 1908, F. E. Junge, of
Gorlitz, Germany, writes as follows:

“ Dust is an inert constituent in the gas and acts similar as ash does in coal,
when the latter is burned, absorbing heat and reducing thereby the maximum
obtainable temperature of combustion. It also has a reducing influence on the
rapidity of flame propagation, since by laboratory investigations in experimental
glass tubes we have satisfied ourselves that the speed of flame travel, and the amount
of heat”developed per time unit grows smaller the more dust is added to the gas,
the extreme result being, of course, an extinguishing of the flame. Therefore, if
dust is present, less of the combustible of the gas is burned in the furnace, heat
developed being postponed and valuable properties lost to the atmosphere. We
cannot get around the fact that, in numerous instances, the coal bill has been
decreased after a cleaning plant was added to the equipment, and we cannot but
adjust our theories to the achievements of practice.”

The writer believes, except in exceptional cases of blast furnace gas, where
the content of entrained metallic oxides and dust is very high, that no gas should
be washed for furnace or firing purposes. With gases of this kind, a large quantity
of their impurities may be removed by dry cleaning, which may take the form of
almost any baffling separator which removes the dust and dirt through impinge-
ment, change of volume, or change of direction, or by the brushing or scrubbing
effect of its plates or contents.

If water is used, it is the belief of the writer that the loss of sensible heat (in
itself a tremendous disadvantage), and a consequent reduction of flame tempera-
ture, more than offsets any loss that may accrue through the absorption of heat
by the dust, or by the clogging and insulating effect within the furnace.

Except under exceptional circumstances, the dry cleaning of gas will be found
sufficient, and although Mr. Junge speaks of the extinguishing of the flame as due
to dust in extreme cases, these extreme results are rarely reached in practice, or
even approximated. In fact, so great a portion of the impurities may be removed
by dry scrubbing that the remaining entrainment is inconsiderable under working
conditions and economics.

Centrifugal Rotary Separators.—To remove substances heavier than the
gas, such as water and dust, centrifugal force has been utilized.

Thiesen Centrifugal Gas Washer.—The Thiesen centrifugal gas washer consists
of a drum having peripheral vanes whereby the gas is rotated in presence of a
water spray. The circulation being superinduced by a fan at the end of the
washer.

This washer claims an efficiency of 2} to 19, of the power obtained by the
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total gas purified, the consumption of water being from five to ten gallons per 1000
feet.

—
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F1G. 26.—Thiesen Centrifugal Gas Washer.

Saaler Washer.—The Saaler washer is one of the centrifugal type, similar in
construction and operation to the Thiesen washer. It consists of a drum with axial
vanes set at irregular angles to the plane of the axis. The drum is connected with

Fi1g. 27.—Sections of Saaler Gas Washer and Vanes on Surface
of Drum.

a centrifugal fan of the paddle-wheel type. The principle of the washer is the
emulsification of the impurities through churning and intermingling of the gas and
water, and the expulsion of the emulsion through centrifugal force. The washer
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it is claimed refines the gas to an impurity content of 0.015 grain of matter per
cubic foot.

The inclined paddles churn the water to the left-hand end, and the gas pressure
and fan (Section /X-Y) suction forces the gas the contrary direction. The paddles
are irregularly arranged, as shown in the view of the drum.

Latta Heavy-duty Separator.—The gas washer herewith shown consists of
three cylinders, the first and second revolving (preferably in opposite directions),
and the third being fixed within the second.

The gas entering the washer at A, together with a spray of water, or water
mist, is drawn through the cylinder B, which is perforated, and the gas and water
are thereby finely divided and atomized.

Through the space C and the cylinder E the water and gas mixture is drawn,
being forced against and slightly repelled by the centrifugal motion of the vanes
D, which are perforated in order to produce a filtering effect.

The gas is further induced through the cylinder F, where a further quantity of
water mist is added through the shaft, and from whence the gas is drawn out by
the peripheral fan (of the Sirocco type) G, and expelled through the outlet H.

The washer depends for its “efficiency principally upon two features: First,
the emulsifying of the impurities through the very close intermixture of the water
and impurities. A flushing of said impurities and thorough washing of the gas,
depending upon centrifugal force, upon filtration of the various sieves, vanes, and
cylinders, and upon the opposition of forces. The centrifugal force of the cylinders
B, E, and F, and the vanes D, tend to throw out the heavier impurities and act in
an opposite direction to the fan-blower G, which forces being opposed tend to wire-
draw the gas away from its impurities.

Of course there is the usual cleansing effect due to dew point, supersaturation,
and the absorption of impurities due to the fineness of division and the intimacy
of the intermixture obtained.

It will be noticed that cylinder £ and the vanes D in sequence are suspended
from cylinder B, the cylinder ¥ to which the blower G is attached running free
and independent. This permits the regulation of blower speed and consequent
blower pressure through the variation of the speed of ¥ and @G, allowing elasticity
of regulation in operation. It also creates a compensation through additional ‘speed
for the faster rim travel of the cylinders B and E and the vanes D, through a greater
length of radius.

It also makes a slower speed necessary upon the part of the heavier moving
parts, and also of the main shaft and bearing, reducing the general travel both in
part and in total.

Another form, a light service tar extractor, is based upon the principles of the
Latta heavy-duty gas washer. In addition to filtration, impingement, change of
pressure and volume, cooling and scrubbing, the unpurified gas upon entry is brought
into contact with a finely divided water spray, and by great thoroughness of
agitation the impurities are emulsified or thrown into solution by contact with the
water and moisture. The principal feature of the process then takes place, namely,
an ‘intensified stratification.” The heavier or more impure matter being more
amenable to centrifugal action, are thrown to the periphery of the revolving sepa-
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rator, while the lighter or purified gases forming the inner complement are with-
drawn through the suction action of the exhauster, there being thus two forces at
work on the impure gas, the one tending to divert the heavier portions outward,
while the suction draws away the lighter portion thus freed from the center, draw-
ing more gas in to be separate in turn by continuous operation.

Fixed Centrifugal Separators.—The accompanying illustration shows a scrubbing
tank designed to be more efficient per unit cof volume and weight than the
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Fic. 29.—Latta Stratification Washer. Fic. 30.—Fixed Centrifugal Separator

ordinary coke scrubber, therefore especially amenable to marine service. The
scrubber is designed to accomplish the following functions of gas purification:
a. Reversion of flow.
b. Change of direction.
. Change of volume.
. Impingement.
Baftling.
. Scrubbing.
. Concentration.
. Centrifugal action.
The gas entering the scrubber centrifugally through a central pipe is carried down
through one of the spiral vanes, being met by a spray of water falling fromn above.

>Q o D
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The spiral vanes have the tendency of an inverted cone to constrict or throttle
the flow of the gas and concentrate it within a comparatively small area at the bottom
of the cone, whence the water falling from above in this compressed or condensed
form will have a peculiarly severe scrubbing action.

At this point the flow of the gas reverts upward, at first expanding into the
upper tank, its spiral and upward motion maintains the gas in rotation with a con-
sequent centrifugal action, the tendency of the gas being again to be reduced in
volume and throttled towards the outlet, where a second spray falls upon it in its
concentrated form.

Reversed Current.—This type of separator has many examples and is used for
many purposes, where baffling plates and settling chambers are used. The following
will illustrate the principle.
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Fi16. 31.—Steam Separator used as Moisture Fic. 32.—Examples of Baffling Separation, the dust
Remover. or moisture being deposited by the reversal of

direction of flow.

Condensing Blast Moisture.—The removal of moisture by dehydrating the
air very considerably diminishes the amount ordinarily requisite. This dehydration
is usually performed by refrigeration, the air being reduced to about 28° F., the
reduction usually being about 80° F.

This reduction in temperature, in one instance known to the writer, lowered
the moisture content from 5.66 to 1.75 grains of moisture per cubic foot. In one
furnace with a capacity of 350 tons of iron per day, with a coke consumption of
2147 Ibs. per ton of iron output, and using approximately 40,000 cubic feet of air
per minute, two ammonia compressors working with a nominal capacity of 225
tons of ice each, constituted the equipment, but one was usually used as a relay or
stand-by, exeept under conditions of excessive humidity.
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The air condensed by a drop of temperature was reduced to 34,000 cubic feet
per minute, the output increased to 450 tons of iron, with a coke consumption of 1,729
lbs. per ton output, the blower slowed from 114 to 96 revolutions per minute indi-
cated horsepower, consequently reducing from 2700 to 2013, thereby saving 687 h.p.
The refrigerating apparatus requiring 530 h.p. there was a net saving in power
amounting to 157 h.p., in addition to the reduction of fuel and the increase of output.
In this instance, as cited by Dr. J. H. Hart, the amount of moisture collected per
day amounted to ten tons of water.

In addition to the advantages mentioned, it is well-known fact that dry blast
air means dry gas or higher flame temperature. Moreover, the gas is cleaner and
better in every respect for both hot stove and engine apparatus. The experiments
and comparisons, both in America and abroad, have proven that the increased value
and efficiency of this gas alone warrants the pre-drying of blast air for furnaces.

The principal drawback with blast furnace gas lies in its variability, its calorific
value varying from 80 to 100 B.T.U., but it is rarely constant at the maximum value,
and for purposes of calculation it is best estimated at the other extreme. The cause
of its variation lies principally with leaks in the furnace or channels through the
furnace producing over-ventilation and high CO,; leaky tuyeres and broken water
jackets, with an attendant escape of large quantities of water into the furnace, both
deaden the fires and produce a large hydrogen content. It is largely due to these
variations that the reliability of blast furnace gas has been so far discredited in this
country.

To correct these faults there are a number of patents covering processes for
the recarburation of blast gas by passing it through additional retorts or strata of
incandescent fuel.

Blast furnace gas is delivered by a fan to boilers, hot stoves, furnaces, or engines
usually at a pressure of from 2 to 4 inches of water.

Eckel is authority for the statement that ore-dust to the amount of 159, or
more of the furnace charge (equivalent to from 25 to 50 tons per furnace per day),
is sometimes carried out from a furnace by the blast.

For a plant requiring, say, 15,000,000 cu.ft. of air per twenty-four hours, a mul-
tiple or factor of same being, roughly speaking, proportional; a reduction of tem-
perature from 85° to 26°-28°, humidity calculated at 809, saturation, there would
be required an equipment consisting of two batteries of direct expansion pipe in
coils, of 15,000 feet of 2-inch pipe, having separate expansion shut-offs, and other
connections for use separately or in multiple, the former being, in cases of low
load or during continuous operation, to permit coils to be defrosted or re-
paired.

Also an ammonia compressor, or compressors, to be the equivalent of a com-
pressor cylinder 18-inch bore and 30-inch stroke, the condenser being atmospheric
in six sections of 24 2-inch pipes 20 feet long.

The compressor should be driven by a 125 h.p. 220 v.d.c. motor running at 700
r.p.m., belt-connected.

The total cost of the foregoing plant, as estimated upon by several ice machinery
companies, is between $20,000 and $22,000 erected complete.

Where the by-product gas from blast furnaces is used for power purposes the
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quality and uniformity of the gas for such apparatus is notably improved by the
dehydration of the air.

This is due to the prevention of deadening of the fire or the creation of spots,
with a consequent reduction of CO,, more even heat which subtends an advantage
in both quality and quantity of the ensuent gas, and the reduction of hydrogen, which
is invariably a disadvantage in this character of gas when used for power purposes.

In fact, under these conditions the gas product of the blast furnace would be an
almost perfect fuel for engine purposes, were it not for the tendency of water jackets
and the water-cooled tuyeres to leak, permitting the escape of water and stesm into
the furnace with an ensuent production of both H and COs.
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Fia. 33.—Tower Scrubbers in Series.

Tower Scrubbers.—This type of wet scrubber is already well known in coal-
gas manufacture, so that extended description is not necessary. Instead of filling
with coke-trays, or similar material over which the water trickles, one of the more
recent producer-gas plant ideas is a number of interior water sprays or misting jets.
The capacity may be increased 1009, by increasing the water supply. The spray
nozzles of these misting jets are an interesting development.

Bottom trays in serubbers connected with down-draft apparatus should be
metal (preferably cast iron) to resist high heat of gases upon entering and possible
danger of ignition through carelessness in opening water pipes. It is also a practice
of some engineers to heat up the coke or wood contents of these scrubbers by
turning in gas without the use of water sprays, and flood the tower with a view to
removing deposits through the overflow. The value of this method is, however,
doubtful.
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F1g. 36.—Film Tower Scrubber. Fic. 37.—Misting Spray Scrubber.



68 GAS PRODUCERS

Cast-iron scrubbers are better than steel scrubbers as they are not as susceptible
to the action of the sulphuric acid when the sulphur is high in the coal. They are
more advisable for use with salt water, also when serubber water is used over and
over. "

Sprays.—The essential qualities for sprays consist in (¢) uniform distribution,
(b) freedom from stoppage or clogging,’ (¢) dispersion of the water into the finest
possible particles.

The reason for the first two requisites is obvious, for the second, because of
the fact that there is a tendency upon the part of all gases to channel through and
to be channeled through by any opposing
current of gas, vapor or water, hence
the more complete the vaporization the
more thorough the intermingling con-
sequent, and the more intimate the
mixture.

- Such intermixture has a tendency,
5] as already described, to supersaturate

and weigh down foreign matter, besides
dissolving the bubbles and globules to
- a point where they gravitate and pre-
cipitate.

A mist spray is herewith shown,

L
KK ko

Fia. 38.—Section of Misting Spray Serubber. F16. 39.—Water Misting Spray.

which gives a high degree of vaporization through the mutual impingement of the
two nozzles.

The umbrella sprays are particularly free from stoppage and uniform in dis-
tribution, although their misting qualities do not compare with the impinging jets.
It is designed to be made with a brass regulating baffle of the semi-spiral type, whose
degree of throttling compensates for the water pressure and also the area over which
the spray is delivered.

This spray has been known to give fairly good results under a water head of
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5 or 6 feet, a very necessary quality under some conditions and directly opposed to
the misting spray, which requires a minimum of 60 lbs. pressure, and is most effective
at 100 lbs.

While the umbrella sprays are usually used for the tops of serubbers, ete., the
misting sprays are particularly effective when interposed in pipe lines and are much
used in this manner in the cleaning of blast furnace gas.

\C ik )
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Scrubber Water.—Regarding the matter of purifying water for serubbers and
condensors in the purification or cooling of producer gas, where such water comes
in direct contact with the gas, it must necessarily become foul, and inasmuch as the
amount of water necessary is comparatively large, the facilities for or cost of it may
become an important item, so that it is necessary sometimes to recuperate or recover
such water for reuse, merely using insufficient fresh water to compensate for the
evaporation taking place.

Where this is the case settling tanks are advisable, in connection with which
there should be used a baffle separator, as herewith illustrated. The last sections
of this separator should contain, as indicated, a bed of broken coke, to which in
some instances may be added a screen of jute or cotton bagging.

This will be found to purify the water for all practical purposes, either for further
use or to meet the requirements of public drainage. For circulation an iron pump
should be used whose packing will resist the action of the hot water and to some
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extent acids and sulphurous compounds. A brass-lined ball-valve pump with large
ports will be found most effective. ‘

A careful disposal of all scrubber water or drainage water in gas apparatus.
should be made. /In allowing it to escape in ordinary sewage systems, care should
be taken of the ultimate contamination of streams, as such water is destructive to
animal life, especially fish, and is also extremely detrimental to metallic substances.

core | A5

Fia. 43.—Baffling Separator.

In this connection, even a small contamination is most injurious to feed water for
boilers, its corrosive action upon tubes and shells being very severe.

The amount of water per horsepower used by scrubber on a suction plant is
given as follows by one of the largest American manufacturers:

“ Our suction gas plant pamphlet gives this as one gallon per horsepower per
hour, but we have since discovered that this is in error and will be corrected in a
new issue of the pamphlet. As an answer to this question often affects the water
supply that the purchaser will allow, we would state that it is advisable to tell the
purchaser to provide for seven gallons for the entire use of the suction plant per
b.h.p. hour, figured at a temperature of 60°. This, in our opinion, will give about
twice as much water as required, but ample provision should be made in all installa-
tions to have sufficient water.”

Wash Box and Seals.—The action of the wash-box or seal is largely similar
to that of a check valve, to prevent the return of the gas to the apparatus. These
seals are generally made with a ratio between
the wash-box and the dip-pipe areas of about ,
25 to 1. It will therefore be obvious that
if the dip-pipe dips, say 3 inches in the water of
the wash-box, it will require but the rise of 3
inches of water-pressure to force the gas
through the seal, while before the gas can
return from the box into the dip-pipe all the
water in the box would have to be forced
back into the dip-pipe. Taking the area ratio of
25 to 1, as before mentioned, while it takes but
three inches of pressure to force the gas into the
box, it would require 3X25=75 inches pressure
to force the gas back into the dip-pipe. These Fic. 44.—Water Seal.
figures are only approximate. This same prin-
ciple can be observed at a coal gas works in the action of the hydraulic main.

Receiver Tanks.—A receiver tank such as that herewith illustrated performs
the dual function of separating the moisture mechanically entrained in the gas by
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Tar EXTRACTORS

The tar found in producer gas is a produet of the distillation zone of the pro-
ducer, the hydrocarbons being distilled from the coal in most part at a low tempera-
ture, and vary very much in their gravity and nature, running all the way from the
lighter illuminants to the very heaviest coal oils. The passage of this tar is a
mechanical one, the gas holding it in various amounts at various temperature or
various degrees of vapor tension and pressure.

Although there is a constant tendency for gas to deposit this tar, produced by
mechanical friction, kinetic action, and reduction of temperature, the final precipi-
tation of the tar seems to occur most ecritically at a point about or below 120° F.

Not only do these tars appear in the form of globules, but in some instances in
a finely divided mist known as “ tar fog.” This tar fog has a tendency to entrain
other foreign ‘matter, hence stoppages along pipe lines and the mixing valves of
engines occur, which are formed not only of hydrocarbon constituents, but of par-
ticles of eoal ash and iron with their various oxides, and also sulphur compounds.

The methods of removing this tar from a gas may be divided into three parts,
the latter two being practically identical in principle though reversed in accom-
plishment.

The first, by washing, has the dual purpose of cooling the gas and lowering the
dew point of precipitation, and also by supersaturating the tar fog or mist with
water, and increasing its specific gravity or weight to such a point that it falls
through gravitation. In other words, the tar globules take up and entrain enough
water to precipitate themselves by their own weight or that of the combined mass.

The second and third methods are respectively those of baffle plates or mechan-
ical separators, the motive in each being the use of centrifugal force. That is to
say, the weight of the tar being greater than that of the gas, centrifugal force tends
to crowd it to the outer edges of the passage, where it impinges upon and adheres
to these baffles by reason of its own weight. Moreover, the inertia of the tar being
greater than that of the gas, it does not follow lines of diversion with the same
rapidity, and is therefore more easily impinged upon the baffles. In the centrifugal
separator, the difference in weight of the tar globule and the gas is the sole principle
involved.

Comparison of Tar Extractors.—This subject is treated by R. H. Clayton and
F. W. Skirrow in the London Journal of Gas Lighting (June 4, 1907). Although
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F1a. 46.—Filter used in Testing for Tar.

used primarily in connection with the removal of impurities from coal gas, yet the
comparisons drawn are all of an analogous nature and useful in a general discus-
sion of the subject.

A series of experiments was first made to obtain a satisfactory method of
stimating the tar fog carried along in the gas. This was done by inserting in the
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pipe a glass filtering tube §-inch in diameter, with a }-inch hole in the side facing
the flow of gas. The inner end of the tube is closed, and its length is such that the
hole is exactly two-thirds of the way across the main. The tube contains about
12 inches of lightly packed cotton wool, care being taken that all that part of the
tube containing the cotton wool is in the main. Generally 20 to 30 feet of the gas
are taken. The tar is determined by washing the cotton with carbon bisulphide
and evaporating.

At the works in question a Kirkham and a Clapham washer were worked in
parallel. Simultaneous determinations showed that while the average tar at the
inlet was 1.5 grams per 100 cubic feet, that at the outlet of the Clapham was 1.3
grams, and at the outlet of the Kirkham washer was 1.45 grams, the temperature
60 to 74° F. Similar tests made on Livesey washers at other plants showed that
at 73 to 86° F. between 84 and 889, of the tar fog was removed, showing that
this is not a very perfect form of extractor.

The next type examined was a P. & A. tar extractor. This was found to remove
989, of the tar temperature ranging from 72 to 88° F. Next was tried the effect
of varying the differential pressure, with the result as here shown:

Tar per 100 Cubic Feet.
g G A 5o e Purification.
Inlet. Outlet.
4.75 ins. 72.5 deg. 11.33 gr. 0.126 gr. 98.9%,
4.62 ‘¢ 6230 T 15.21 ¢ 0r183; 99.19,
4.50 ¢ 65.0 ¢ 15.54 ¢¢ O 156'5 5 99.09%,
4.75 ¢ 81.0 il 72 1 EI1IR5 S 98.49,
4.81 ¢ 83.8 ‘¢ 12.89 ¢ Wil 56 98.89,
2100kt 7152 = 15.00 ¢ 0.421 ¢ 97 .29,
1.50 “¢ 69.0 ¢ 10.98 ¢ 4.890 ¢* 55.49,
1S ONES 68.0 ‘¢ 11.05 ¢ 3.410 “¢ 69.29,

Below a differential of 2 inches the machine ceases to work efficiently. Since
the volume of gas passed is proportional to the square root of the head, with reduced
pressure, the number of holes would have to be very largely increased, and the cage
would have to be raised so far out of water that the seal would be broken and the
gas would be by-passed.

It would appear that the temperature did not exercise as great an influence
as might have been expected, for as great an efficiency was obtained at low as at
high temperatures. According to other observers, however, the temperature should
be kept at about 80° F., so that the tar remains thin and the plates clear themselves.
Another point to be noted is that the tar at the outlet is independent of the quantity
entering the machine within the limits of the experiment.

On trying the P. & A. extractor with water gas it was found that the plates
within a few days pitched up, leading to the conclusion that the present form could
not give the desired result. On considering the greater difficulty presented in
removing tar from water gas than from coal gas, the writers arrived at the idea that
the problem was similar to that presented in operating gas engines from soft coal
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producers. Inquiry brought out the fact that in all cases purification by centrifugal
force had been adopted. It being impossible to learn the efficiency of this method
by questions, the writers decided to test this method for themselves.

The tests were made with the ordinary fan and the Crossley fan. The first
revolved at from 1500 to 2000 revolutions. The gas entered at the center, and a
jet of water was introduced at the same time to the amount of 1 gallon per 80 cubic
feet. The gas left the machine at an increased pressure of 2 or 3 inches.

The Crossley fan was designed for the special purpose of gas purification and
does not increase the pressure. It consists of a revolving disk in a casing. The gas
enters one side at the center, passes to the periphery, absorbing much power, and
then flows down the opposite side to the outlet at the center on that side, returning
the power absorbed. The total power is said to be but 3 or 4 h.p. per 5,000,000
cubic feet per day. One gallon of water was used in this machine per 1000 cubic
feet, to flush out the tar and prevent clogging. The fan tested had a diameter of
9 feet, ran at 400 revolutions, and had a nominal capacity of 5,000,000 cubic feet
per day. The power required is about the same as is required for driving gas through
a P. & A. extractor.

Having no opportunity for testing this machine on water gas, the authors had
to content themselves with observing its efficiency with producer gas and on but
half its capacity. The results are herewith shown:

il Aot Tar, Grams per 100 Cubic Feet.

Flow of Gas, . .

Vo | ioegnt | R i
) Inlet. Outlet.

1 60 5t 3.8 | 0.426 89.0

2 50 75 13.8 0.458 96.7

3 50 84 26.5 0.690 97 .4

4 100 83 9.36 0.570 93.9

In tests No. 2 and 3 the preliminary washers were by-passed, and in No. 4 one
of the coolers was out of action.

Determinations of the tar in water gas showed from 10 to 13 grams per 100 cubic
feet at the inlet of the purifier. If we assume, and there is every justification for
doing so, that the fans will be as efficient as with producer gas, we should not only
remove about 959 of the tar, but recover it in a salable form. The small amount
left in the gas could economically be removed with a sawdust serubber.

Mallets’ rotary tar extractor, in use in some continental gas works, comprises
plates built up as a revolving drum, the lower half of which dips into condensed
tar in the bottom of the casing. The differential pressure is regulated by raising
and lowering the tar level. The temperature giving best results is from 80° to 85° I.,
and at a differential of 2.5 to 3 inches, the efficiency is said to be equivalent to a
reduction in the tar of from 13 to 6 grams of tar down to 0.18 to 0.04 gram per 100
cubic feet.

Stationary Tar Extractors, Centrifugal.—Although many centrifugal tar extractors
require power, as they revolve and act by centrifugal force upon the tar particles,
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in the invention to be described, there are no moving parts whatever, as such motion
is imparted to the gas as to cause the tarry particles, globules, or vesicles which
have a greater density than the gas, to be immediately forced against the interior
surfaces of the apparatus, and thus be subjected to the necessary frietion and impact.

Not only is it the object of the present invention to remove the tar, which in
its pure state is composed entirely of a number of hydrocarbons of varying density,
but also to remove any solid matter suspended in or carried by the gas in the shape
of impurities.

Referring to the figure, the gas-main has inserted within its length a trap,
while at the opposite sides of the trap and connected with the main are elbow-

g

Fic. 47.—Fixed Centrifugal Tar Extractor.

couplings which are controlled by means of suitable valves. From the couplings
extend branch pipes or conduits which at their outer ends are connected. By
means of the valves the by-passing of the gas around the columns is controlled.
Suitably secured within the ends of the pipe are spiders or skeleton frames in central
sockets of which are inserted the tubular shaft of the screw. This shaft is closed
at its upper end and is open at its lower end, where it communicates, by means of
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branches forming a tar seal with a discharge-pipe. The screw-blade slants toward
the center, forming inverted cone-shaped surfaces over which the liquid may run in
all directions toward the center, and the edge of the blade is in contact with the
inner cylindrical surface of the pipe or conduit. Small holes or perforations are
made in the tubular shaft or axis of the screw, so that the tar which is deposited
on the blade and the inside surface of the pipe or conduit may, after first flowing
down to the tube, pass through the said holes or perforations and down the interior
of the tube. A suitable dam is formed behind each hole for the purpose of causing
the tar to dam up, and thus be forced into the holes. As there is a differential
pressure in the gas between the top and bottom parts of the screw, a small
amount of gas will leak into the tube through the holes or perforations at the bottom
and out of the holes at the top.

The water seal referred to is provided with two water-gauge glasses, to show
the different heights of the water in the seal. But one of the glasses is shown
at the right-hand side of the seal. A pipe at the bottom of the water seal is
connected with the same, and is provided at opposite sides of the said connection
with valves. One valve is to be connected to water-supply under pressure, while
the other valve is connected to waste. By opening one valve for instance, the
water in the seal can be entirely withdrawn, while by closing this valve and opening
the other valve the water-level in the seal can be increased. The object of the
described water seal is to prevent any undue
back pressure of gas in case the pipe should
become stopped up, and it therefore forms an
automatic by-pass.

The deseribed apparatus can be employed
either with coal-gas or water-gas plants for
the removal of tar or other solid matter form-
ing impurities.

P. & A. Baffling Extractors.—This is another
form of stationary extractor. Where used in
intermittent service, it must be kept as nearly
as possible at a constant temperature, usually
between 120 and 100° F. This is for the reason

F1G. 48.—Elevation of the P. & A. Tar F1G. 49.—Plan of P. & A. Tar Extractor showing
Extractor. connections.

that during stand-by periods a certain amount of sediment upon the plates has a ten-
dency to congeal, due to a cooling influence on the part of the separator itself and
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its water seal, the result is that the plates become “ gummy,” and create a nucleus
which, upon starting up the separator again entrains further stoppage and in a short
time puts the apparatus out of commission.  The temperature of the condenser
should at no time get lower than 100° F. The easiest way would be to have a
steam-pipe attachment and turn on a little steam into the separator during stand-by
periods.

The accompanying illustration shows what this extractor looks like. The gas
passes through small holes and impinges on surfaces to which the tar sticks. Gas
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Fig. 50.—Tar Extractor,

tar remains fluid above 100 to 120° F.,-below which it becomes sluggish and congeals.

A form of tar collector is herewith illustrated resembling the P. & A. in principle,
o;}erating upon the idea of impinging jets. This type is advisable only in exceptional
instances.

Centrifugal Tar Extractor.—Efficient gas cleaning of bituminous gas has been
demonstrated in the blast furnace gas power plant of the former Carnegie Steel Co.,
at Pittsburg, Pa. The apparatus comprises a combination of vertical baffling washers
connected in series with a centrifugal rotary serubber. This apparatus delivers gas
to the holder in a condition which may be noted as absolutely clean.

A fair estimate of the power required for a mechanical tar separator, including
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friction of line shaft and other losses, may be placed at between 4 and 59, of the

total horsepower of the plant.
The centrifugal tar separator fitted in the works of the Allis-Chalmers Co., at

S

S

F1a. 51.—Vertical Section of Centrifugal Tar Extractor.

West Allis, Wis., has proven a duty of separating tar from producer gas at the rate
of 300 lbs. of net tar per ton of coal gasified.

The accompanying section illustrates the horizontal ecross-section through a
centrifugal serubber, and this illustrates very well
this type of separator, useful for tar as well as
moisture and wet, dust-like impurities.

The location for the tar extractor at the 300
h.p. suction producer plant of the Fort Dodge
(Ia.) Light and Power Co., is shown by the aec-
companying drawing.

In soft-coal practice it is necessary to periodi-
cally burn out the tar and soot deposited by the
gas. This is done by stopping the producer and
opening suitable doors provided in the flues. pyq. 52.—Centrifugal Tar Separator.
Usually the soot takes fire readily, or may be ignited,
and the furnace stack draws the air and combustion through the flue. In some
cases direct connection of the flue is made to the stack and air or steam jets used
to loosen the deposits of soot, while at the accessible points it is scraped
out.

Ordinarily, tar is not decomposed below a temperature of 2000° F., although
moisture which it contains may, of course, be evaporated at boiling-point
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Gas Engine Requirements.—The purity of gas for use in gas engines is specified
by the makers of those engines which operate on producer gas, and the following
are some examples:

Snow Steam Pump Co.: They have experienced little trouble from moisture,
the single exceptions having been occasioned not from moisture in the gas, but from
condensation in the pipes after long stand-by periods. This may, of course, be over-
come by blowing out a small quantity of gas through the engine purge pipes.
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Fig. 53.—Location of Tar Separator, Plan and Elevation.

A small .content of tar, however, creates much trouble, occasioning crematory
stoppages and attendant evils. The limit permissible should not exceed 0.01 grain
per cubice foot, mineral dust must not exceed 0.02 grain per cubic foot, and the total
impurities, including lamp black, should not exceed 0.05 grain per cubic foot.

Westinghouse Machine Co.: “A producer gas containing from 125 to 150 effec-
tive B.T.U., but the gas must not contain more than 170 effective B.T.U. They
would like the gas to be in accordance with the following analysis: Not to contain
more than,
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0.01 grain of dust per cu.ft.,

0.15 grain of sulphur per cu.ft.,

0.02 grain of tar per cu.ft.,

4.00 grains of moisture per cu.ft., above point of saturation, and not to contain
more than 159, of hydrogen by volume, and not less than 29, of methane by vol-
ume. In some cases we have found it impossible to get the producer manufacturer
to comply with our specifications as to the quality of gas, but the above limitations
are by no means impossible of attainment.”

R. D. Wood & Co.: They make the following guarantee as to the gas sup-
plied from their producer for engine service: That gas produced shall contain
per cubic foot not in excess of 0.02 grain of tar; 0.01 grain of dust and 6 grains
of moisture.

Junge states in his work on Power Gas: “ It must be remembered that even
a very small amount of dust is prohibitive in gas-engine cylinders as it, naturally
gritty, will unite with the lubricating oil, forming a pasty mass which produces an
abrasive effect only excelled by oil and emery. As 759, of the dust is metallic oxide,
when subjected to a temperature of 300° F. (the heat of inflammation) it will be
precipitated as iron and steel. The third requirement to be considered is freedom
from excessive moisture. When the gas leaves the furnace (we are now speaking
of blast-furnace gas) it is laden with dust, containing 8 to 15 grains per cubic meter
(4 to 7 grains per cubic foot), and other negligible impurities, and is very hot (140°
to 180° C.) but comparatively dry. The greater part of the dust is first removed
by a dry process in the dust catcher, while the finer particles are eliminated by
bringing the gas in intimate contact with water. Now this water, leaving aside its
varying temperature, represents in all processes an almost constant amount com-
pared to the quantity, temperature, and composition of the gas and its dust con-
tents, all of which vary according to the course of the smelting process and the
condition of the season. This water remains suspended in the gas after leaving
the serubbers, washers, and fans, and to secure regular and efficient combustion it
must be removed again down to a very low percentage before being conveyed to
heaters and engines.

“To secure maximum efficiency of combustion we must have a cool, clean,
dry gas. But these requirements vary in degree, according to the manner and kind
of application. For use in hot-blast stoves and under boilers the temperature of
the gas may be higher than for use in gas engines. But higher temperatures enable
the gas to contain a large amount of moisture, which is again harmful to the
all-around efficiency. The degree of purity of the gas for heating furnaces need not
necessarily be higher than 0.5 grain of dust per 1 cubic meter, or 0.2 grain per cubic
foot, as it is found that the fire-brick lining of the ovens is apt to fuse when still
higher temperatures are maintained. For use in engines there are no lower limits
fixed for temperature or purity, but the upper limits are the more rigidly drawn,
namely, temperature 25° C., and degree of purity 0.02 grain per cubic foot. The
latter figure is the basis on which German manufacturers give their guarantees on
gas engines. This covers the case as far as temperature and purity for various pur-
poses are concerned.” «

Lackawanna Iron Co.: According to an official statement made by the Lacka-






CHAPTER III
WORKS DETAILS

Vaporizers.—The subject of the use of steam versus water vapor as an endo-
thermic agent has been pretty thoroughly discussed by the writer under the head
of endothermic agents. It seems logieal that the heat for the creation of this steam
or vapor should be recuperated heat, that is to say, should not be obtained at the
expense of fuel consumption; this, as far as power plants are concerned, must logically
be from the sensible heat of the effluent gases, the tendency being to condense the
gas and also restore the waste heat to the fire.

With producers operated in connection with furnaces the utility of this arrange-
ment is doubtful, and it is perhaps best to utilize direct radiant heat of the fire as
in No. 4, as an absorption of the sensible heat of the gases in this connection tends to
the reduction of flame temperature in final combustion.

Taking up vaporizers for power purposes further, there may be said to be three
distinct types, namely, those relating to the evaporation of water from the ash pits,
to which many engineers are opposed by reason of the cooling effect upon the ashes,
thereby preventing the radiation of their heat during the cooling process back into
the furnace. This claim, made by Mathot and other German engineers, is of doubt-
ful value, inasmuch as recuperated heat from the cooling ash must be comparatively
small when compared to the loss by conduection, also there is considerable benefit
derived from the humidifying effect of vapor thus distilled upon the grate bars which
are materially cooled thereby. There is also a cooling effect upon the bottom of the
fire where clinker is apt to collect and fuse, or in common parlanee to “ slag.”

The second type of vaporizers for the recuperation of sensible heat is that of
the multitubular type connected with the take-off pipe of the producer through which
the effluent gases pass. This type of vaporizer is very satisfactory where fuel of a
non-bituminous nature is used or where the effluent gases are free from tar, lamp-
black or unfixed hydrocarbons.

This is the case also with down-draft apparatus where these hydroecarbons were
fixed. In case of the use of this type the gas should be admitted at the bottom of
the vaporizer where it comes in contact with the water leg of the tubes, as otherwise
tubes and tube sheets cannot withstand the temperature.

Where this type is adopted type “ B” would be found most satisfactory inas-
much as these tubes are susceptible to operation with cleannig or scurfing rings after
the manner of an economizer.

For general apparatus, however, the arrangement shown in the illustrations will

be found more satisfactory; these, especially Nos. 1, 2, and 3, are designed to vaporize
83
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. 54.—Water Vaporisers on Producer.
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Fic. 55.~Producer Economizers.
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water by the sensible heat of the effluent gases within the top of the producer, while
leaving the producer through the take-off pipe.

All these producers receive a small portion of radiant heat from the fire and
there may be a trifling loss of heat from the conduction of the shell. Such losses
are comparatively small and the benefit to operation derived from a cool producer
top and their accessibility for the removal of scale, ete., may be considered a stand-off.

It is the belief of the writer that water should always be hand regulated to pro-
ducers, inasmuch as the amount of water required varies with so many conditions
that it is impossible to confine its admission as a reciprocal of any one condition.

[
gl

Stebm '%
2 5 SR
_Door Zeonomizer

——it

—\:: g

Fic. 56.—Powdered Fuel Producer Economizer.

A small water content can be constantly kept in the vaporizers herewith shown,
or again the steam may be flashed by intermittent admission. The latter is an
excellent arrangement.

No. 3 shows an arrangement whereby the steam is generated in a small return
bend coil within the take-off pipe, a sheath or sleeve on the outside of the take-off
pipe forming a pre-heater for the incoming air and absorbing the radiation from the
outside of the take-off pipe as the coil absorbs the sensible heat of the gas within the
pipe. This coil has the advantage of being easily removed and cleaned, and is also
cheaply renewed, if it is for any reason destroyed or impaired.

Within all up-draft producers the gases collect in the take-off pipe and top of
the producer, and the abstraction of heat from these will, under most conditions,
make all the steam which is required.
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For down-draft producers, or producers of the powdered-fuel type, completely
fixing their hydrocarbons, the tubular vaporizer will doubtless be found most effi-
cient, as shown.

Charging Producers.—One of the most convenient, economical, and simple
methods of charging gas producers is by an electric storage battery locomotive coal
car, running on an industrial railway, specially designed for handling coal from the

Fi16. 57.—Economizer for Bituminous Producer.

storage bins to gas producers. The locomotive runs under an elevated storage bin,
and coal is loaded into the larry through suitable valves. The track runs over the
top of the gas producers, into which the locomotive spouts the coal direct. The coal-
storage bin can be situated in any convenient position where the tracks can reach
them. The entire operation of the machine requires the services of but one man.

Pressure boards, consisting of series of glass dip pipes for approximate determina-
tion of either suction or pressure at different points of the apparatus can be
installed to advantage as a_check on operation.

Safety Devices.—Blast pipe may be to a degree protective against the ignition
of gases and “ flare-backs ” by the insertion of diagonal or conical screens of larger
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F1c. 58.—Coal Car ready for charging Producer. Fi1a. 59.—Charging a Gas Producer-

Fic. 61.—Suction Gauge Board.
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area than the pipe section. The diagonal form is used, of course, to increase the
area. The screen should be made of brass-wire gauze not larger than 60 mesh or
its equivalent.

Wire-gauze screens or caps should cover: all air-intake piping or test-light out-
lets, where conneeted with gas apparatus or appliances. Relief valves may be of
three types, namely:

a. Swinging valves which are hinged and consist of blank flanges hinged upon
one side and held in positicn by counter weights.

n BQUARE GAL. IRON BOX |
BLAST CONNECTION BLAST PIPE
N
TO GENERATOR oCeE <
CLEANING
._I HOLE I___

SCREEN
St 4 e <
CLEANING
] HOLE.

Fia. 62.—Screen Preventing Firing back.

b. Water seals consisting of dip pipes sealed in water to a depth affording a
margin of safety. And

¢. Thin-lead blank flanges whose rupture point should not be above some three
or four pounds pressure.

It is preferable that all of these devices have air vents leading to the atmosphere,
these being most important with the two last-named arrangements, inasmuch as the
seal being destroyed, there is danger of gas collecting within a building in sufficient
quantities to create an explosive mixture. This danger can, in some degree, be
obviated in the case of the water seal by equipping it with a continuous water supply
and overflow. There is, however, a factor of danger present in each of the last-
named types, and the swing valve, such as is indicated in the illustration, of a blast-
gas dry scrubber, is perhaps the safest arrangement, so long as the outlet of the valve
is so situated that it cannot impinge during a blow off upon either the operator or any
inflammable substance.

Insurance Requirements.—Underwriters require all overflow pipes to be sealed
with at least twelve inches of water. Where ash pits of producers are sealed with
water, the bosch must be continuously overflowing. Rule 2e requires the use of
some form of interfering three-way valve, so that the producer is always open either
to the engine or to the cutside atmosphere.

Pressure Systems. All pressure systems must be located in a special building
or buildings approved for the purpcse, st such distance from other buildings as not
to constitute an exposure thereto, excepting that approved pressure systems with-
out gas holder, having a maximum eapacity not exceeding 250 H.P., and with pres-
sure in generatcr not exceeding two pounds, may be located in the building; provided
that the generator and all apparatus connected therewith be located in a separate
fire-proof room, well ventilated to the outside of the building. In all other respects
the apparatus must comply with the requirements for suction systems.
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Suction Systems. The 1908 rules of the National Board of F¥ire Underwriters’
Ingineers for suction producers are as follows:

a. A suction gas producer of approved make having a maximum capacity not
exceeding 250 H.P. may be located inside the building, provided the apparatus for
produecing and preparing the gas is installed in a separate, enclosed, well-ventilated
fire-proof room with standard fire doors at all communicating openings.

Note.—The installation of gas producérs in cellars, basements, or any other
places where artificial light will be necessary for their operation, is considered hazard-
cus and will not be permitted execept by special permission of the underwriters having
jurisdiction. -

Note.—The portions of these rules relating to the design and construction of
apparatus are but a partial outline of requirements. A producer which fulfils the
conditions herein outlined and no more will not be necessarily acceptable. All appli-
ances should be submitted for examination and report before being introduced for
use. .
b. The smoke and vent pipe shall, where practicable, be carried above the roof
of the building in which the apparatus is contained, and adjoining buildings, and
when buildings are too high to make this practicable, the pipe shall end at least 10
feet from any wall. Such smoke or vent pipes shall not pass through floors, roofs,
or partitions, nor shall they, under any circumstances, be connected into chimneys
or flues.

¢. Platforms used in connection with generators must be of metal. Metal cans
must be used for ashes.

d. The producer and apparatus connected therewith shall be safely set on a
solidly built foundation of brick, stone, or cement.

e. While the plant is not in operation the connection between the generator and
scrubber must be closed and the connection between the producer and vent pipe
opened, so that the products of combustion can be carried into the open air. This
must be accomplished by means of a mechanical arrangement which will prevent one
operation without the other.

Jf. The producer must have sufficient mechanical strength to successfully resist
all strains to which it will be subjected in practice.

g. Wire gauze not larger than sixty mesh or its equivalent must be used in the
test-pipe outlet in the engine rcom.

h. If illuminating or other pressure gas is used as an alternative supply, the con-
nections must be so arranged as to make the mixing of the two gases or the use of
both at the same time impossible.

1. Before making repairs which involves opening the gas passages to the air, the
producer fire must be drawn and quenched and all combustible gas blown out of the
apparatus through the vent pipe.

j. The opening for admitting fuel shall be provided with some charging device
so that no considerable quantity of air can be admitted while charging.

k. The apparatus must have name plate giving the name of the device, capacity,
and name of maker.

Gas Explosions.—Explosions resulting from an ordinary explosive mixture of
producer gas in pipes, holders, tanks, or other apparatus, where said explosive mix-
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ture is ignited without previous compression, the resulting explosive force exerted
does not, in the experience of the writer, exert a maximum pressure of over 60 Ihs.
per sq.in. It is therefore manifest that any connections, fittings, ete., which may
be subject to such explosives, should have a safe working pressure or rupturing point
above this figure.

One serious explosion in the experience of the writer in connection with the gas
producer power plant having a holder occurred as follows:

The fire bed of producer having been permitted to become porous, the exhauster
drew through the producer, and foreing into the holder a certain portion of un-

The Vajen Helmet. Cut-out Section of Vajen Helmet.
T'16. 63.—For Working in Asphyxiating Atmosphere.

decomposed air, thus forming an explosive mixture in the holder. As a matter of
fact, prior to this the gas supplied the engine was so inferior, due to the condition
of the fire bed, which contained a high percentage of CO,, producing a very slow
combustion in the engine cylinder, that a portion of the charge “ hung over.”

This condition of affairs caused the engine to back-fire, or fire on the admission
stroke, thereby igniting the explosive mixture.

This could, of course, occur in installations without a holder, but of course
there would not be the accumulated volume of gas. It is possible that its liability
might be reduced to a minimum by the insertion within the pipe lines of proper wire

_ screens between the engine and holder.
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Gas Asphyxiation.—According to Dr. Haldane air containing so small a per-
centage as 0.29% of carbon monoxide, should be regarded as entailing risk to life.
The chief danger of carbon monoxide lies in its lack of odor unless combined with
sulphurous or other odorous compound.

First aid in cases of poisoning lies in the application of heat, artificial respira-
tion, and stimulants. Muscular action should be as limited as possible.

The action of carbon monoxide as a poison consists in its combination with the
haemoglobin of the blood, which causes the corpuscle to become inert and prevents
its ecombination or rather revivification through union with oxygen.

The illustrations show the Vajen patent helmet for use in gaseous atmosphere,
in which, by reason of the fact that it can be put on in three seconds and taken off
in two, is a particularly effective apparatus for rescue work, repairing gas leaks, etc.
The air supply is sufficient for at least one hours’ service. The reservoir may be
re-charged within two minutes and will stand for months ready for service, the gauge
indicating the amount of air which it contains.

Oxygen Administration.—Artificial respiration by oxygen should be adminis-
tered preferably before natural respiration has entirely ceased, or after some slight
respiration has been started by placing the patient in a sitting position, lifting the

CH03 =~ WHEEL WRENCH

SHORT RUBBER TUBE THUMB SCREW

HOSE=- AND MOUTH-PIECE

F1c. 64.—Oxygen Administration Apparatus.

arms above the head and moving them down to the sides thereby inflating and
deflating the chest, by blowing in the patient’s mouth, or by the use of brandv or
other restoratives.

Care should be taken that the tongue of the patient has not been swallowed or
contracted into the thorax, in whicl case it should be withdrawn with forceps and
held as nearly as possible in normal condition. It may be remembered that good
oxygen gas is harmless and the lungs may be completely filled without danger to the
patient. The administration of oxygen may be performed in company with the
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ordinary means of resuscitation, manipulating the limbs and chest, the mouth- and
nose-piece being held either to the nose or mouth. After partial resuscitation the
patient may be benefited by taking deep inhalations of the oxygen from the mouth-
piece.

The method of applying oxygen is shown in the illustration, and the following
are the directions to be followed: Remove paper seal from opening in valve, slip
yoke over so that the tubular projection on same will fit into opening of valve.
Tighten thumb screw. Fill bottle half full of warm water, put cork in bottle firmly,
then connect short rubber tube attached to yoke with long glass tube in bottle.
Turn the gas on very slowly with small wheel-wrench. The volume of oxygen being
given can be estimated by the flow of bubbles. Close the valve gently but firmly.

According to Dr. J. S. Haldane effect of carbon monoxide upon man is as follows:

Percentage

of Carbon Errect oN MEN
Monoxide.
0.05 After half an hour to two hours, giddiness on exertion.
(At bR g & ‘“  inability to walk.
02 P & i ‘¢ loss of consciousness and perhaps death.
0.4 R £ i ‘“  probable death.
1.0 ‘¢ a few minutes, loss of consciousness, followed before long by death.



CHAPTER IV

PRODUCER TYPES

DOWN DRAFT PRODUCERS 7ii’

TaE down-draft producer has as its raison-d’étre the fixing of the hydrocarbons
by their passage through an incandescent fire-bed after their formation instcad of
passing off immediately in the gas, as is the case with the up-draft producer.

Failing in this fixing action, the down-draft apparatus would have no cause for
existence. As a matter of fact, some of its features are positively objectionable, as,
for instance, the double ash zones, with their ever-increasing tendency to meet, also
percolation down through the fire-bed of the finer ash from the upper zone, stopping
the voids and causing the back pressure so characteristic of this type of apparatus.
It must be conceded that the down-draft apparatus must essentially be of the multi-
unit type, for the following reasons: In order to give a longer time contact in the
formation of the gas and the fixing of the hydrocarbons. The limit of fire-bed oper-
ation made practical by continued stoking is four feet, and should this fire become
in the slightest degree porous or honeycombed, the time contact is not sufficient for
the fixing operation necessary. .

With a multi-unit arrangement, however, a reversal in flow in operation is possi-
ble, which combines the advantage of presenting fresh carbon surfaces, stirring up
the ash, clearing it from the voids, breaking into the channels, equalizing combustion
throughout the ecross-section, reducing clinker, and gaining an all-around higher rate
of efficiency. .

The advantage of such operation has long been admitted in water-gas practice .
where it is usually customary to reverse the runs at the ratio of two up runs and one
down run.

Per contra, the disadvantages of single-unit down-draft apparatus is shown by
the fact that it cokes through the center of the producer with coking coals, or forms
an ash zone through the center with non-coking coals (the former being merely an
intermediate stage of the latter), with a result that it is almost impossible to main-
tain uniform conditions.

Another difficulty to be met with in down-draft units is the formation of lamp-
black, especially around the grates. With some fuels it has been found necessary
to admit a small quantity of secondary air at this point in order to produce sufficient
combustion to gasify this lampblack. A large portion of the lampblack is, however,
used in the multi-unit type of down-draft producer by re-carburation of the gas as

well as the preventing of fixing and clogging on account of its physical action.
’ 93
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In a multi-unit down-draft producer the rate of flow, or rather the relative rate
of flow, per unit of fuel, is somewhat reduced; hence to some extent a corresponding
reduction or wire drawing of the gases through the fuel bed with attendant central
coking or ashification follows.

It is with an intention to prevent this core burning that producers of the Smith
type introduce a central tuyere admitting the air at the center of the fuel bed. These
tuyeres, however, are more or less expensive and difficult to maintain by reason of
their water cooling, also the central admission of the air reduces the time contact
of its passage through the fuel, and there is not sufficient firing surface in which to
bake all of the hydrocarbons. These are merely the disadvantages of an otherwise
very satisfactory arrangement, and noted merely by way of general consideration.

By reason of the ash-forming conditions herein discussed, 5 to 69, of ash may
be considered as a limit of content in fuel used in down-draft apparatus, and a very
much smaller content should be required as a limitation, where such ash is strongly
inclined to fuse or where it fuses at a relatively low temperature. The maximum
volatile content permissible is usually between 20 and 309, some manufacturers
limiting it to a maximum of 15%,.

THE WOOD SYSTEM

It is the intention in this work, in describing specific gas producers, to select
those which are distinctive, as representing certain types and not in any way to
prejudice opinion in favor of any particular make or manufacture of apparatus.

The Taylor Producer, more commonly known to the gas industry by the name
of the “Wood Producer,” by reason of its being manufactured by R. D. Wood &
Co. of Philadelphia, is an excellent example of the simple type of pressure and suction
producer, and has been especially successful in operation upon anthracite fuel,
although they also manufacture producers to be used with coke, lignite, and bitu-
minous coal.

The distinetive feature of this producer is a rotative ash table or grate, which
by its rotation tends to stir the fire, or primarily to close by the tort given to the
fire, or fuel bed, any air chimney or lines of cleavage which may have occurred
throughout the fuel bed.

This type of producer is exceedingly simple and easily operated. It is run with
a comparatively shallow fuel bed, and the results obtained are best deseribed in the
experiments performed by the Fuel Testing Section of the United States Geological
Survey in St. Louis and published by the latter.

Directions for starting the R. D. Wood pressure producers are as follows: ‘ In
starting the producer a good quality of ash, with little unburned material, should be
used in filling up the bosh of the producer. The ash should be brought up to a
point about 6 inches above the blast hood, and should at no time approach nearer.
Negleet of this precaution may cause the loss of the blast hood. At the start small -
pieces of clinker or broken material may be placed about the hood to keep the
material from packing too tightly and obstructing the blast. On this bed a fire
is built and a light blast supplied and coal added until the requisite bed of incan-



descent fuel is attained.
and size, ete., of fuel, as elsewhere indicated.
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The depth of the incandescent bed will depend on the kind
With soft coals it will range from

2 feet to 3 feet and with anthracites somewhat less; with large coke or anthracite

perhaps 4 feet or more.
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Fra. 65.—Taylor No. 7 Producer with Revolving Bottom.

It is often better to keep the fire-bed approximately near

one level by occasional removal of ashes rather than to allow the fuel bed to build

to a great height and then remove large quantities.

This latter will seriously injure

the quality of the gas and perhaps cause runs of the coal and its loss in the ashes.”
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AVERAGE OF NUMEROUS COAL TESTS IN R. D. WOOD PRESSURE PLANT

Bi i 1 Lignites.
Composition of Fuel. e iinags O i - b}’oe.ai.
Average. Max. Min. Average. Max. Min.
M OISR« AT PP ot o R 6.83 16.69 1.43 26.6 39.56 8.51 21
Volatile combustible ............ 33.06 | 42.46 9.70 31.4 38.41 25.54 51.72
Fixedyearbon g3 . b rraa o h s 49.8 R 31.19 32.6 45.69 23.80 2273181
PN O MG AR S B o it o 00 IGE 365 10.32 23.44 27T, 9.53 15.47 2.74 5.17
SN iV AR TRT o B Abs o BENE AL 2.41 7.36 .28 1.29 4.88 .47 4.45
Composition of Gas by Volume.

Carbon dioxide, CO, . . .c.vv .. .. 0/ -Sae =i Sl S S| 103555 el Ai{Rade o 12.40
(05 ST, (ORGSR IR O e i B e T (D TR Rt W b a2 e 0
Bthylene, (CoHy el oo oottt B T e o [ e g0 A7 VR A | e 4
Carbon monoxide, CO .. ........ 187528 1| N T 18 TR Yt in (ML -t 21.0
Hydrogens HE a0 SR i 12.90 23.89 11.93 13.74 25.20 13.90 18.5
MethanerGHE " e s 7 Sl 3.12 18.60 2RIl 3.44 19.30 9.20 2.20
Nitrogens N wey-r. . oy T L Ll R 55:60=}: .. w5 B 2l W e ) 45.5
B.T.UAper.cubic'foot .\, .. - Toh 1152, 11 176 126.6 158 .4 188.5 125.5 175
B.T.U. per lb. of coal as fired .. ..| 12280 14674 8735 8350 10685 6970 8127

THE TAIT SYSTEM

This apparatus is for the manufacture of producer gas without the use of steam
or water vapor. In the operation of gas engines utilizing producer gas as a fuel,
considerable trouble has been experienced from variation in the gas and especially
from pre-ignitions in the engine, and it was with a view to obviate these troubles that
a process has recently been put upon the market for generating a gas from anthracite
or bituminous fuel in the usual form of producer, but containing no hydrogen except
that supplied in the fuel employed.

The producer gas usually manufactured from anthracite fuel will be found
by volumetric analysis to be about as follows:

Volume per cent.

1610 7 e =S Al L B O ATH DI B o AT T 4.6
(O TSN St S Wl Sy e o 5 ey L 0.5
CO, oy SB e lamate o EE EI T 23.8
Hig: o S5 o E ok T e, e LN o SR 15.5
CHL = o7 = A0 | TS TN A ot oats ST SN 1.1
I [EEEAR SN SR Rl e e e b & 54.5

A gas of this analysis will be found to have about 139 B.T.U.’s per cu.ft., and
is considered a very good producer gas.

However, in practice, where a gas is used for engine purposes, it is a well-known
fact that, due to the changes in load on the engine, the analysis does not remain as
above, on account of incident changes in the temperature of the fire, which deter-
mine the quantity of draft passing up through the fuel bed on various engine loads.
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As the amount of draft passing up through the fuel bed determines the temper-
ature of same, it follows that the amount of steam disassociated in the hot zone of
the fire will vary with the load on the engine. In other words, only about 109} of
the steam fed to a producer will dissociate at 1300° T'. (this being approximately
the temperature in the fuel bed when the engine is running light), while on the other
hand when the producer is running at its full rated capacity the temperature in the
hot zone of the fire will rise to 2000°, at which point practically complete dissocia-
tion of the steam occurs.

The effect of this variation in the steam dissociation is shown in the amount of
hydrogen contained in the resultant gas; for example, analyses taken at low load
will show from 5 to 89 hydrogen, while other analyses taken at full load will show
189, hydrogen, or even higher.

Now, the effect of this variable quantity in the active part of the gas necessarily
affects the regulation of the engine, and this is especially true when it is remembered
that the rate of combustion in a gas engine cylinder of carbon monoxide and hydrogen
is about as two to one, the hydrogen being the quicker burning of the two and the
element for which the ignition on the engine has been set. The effect on a gasengine
operating on producer gas under these varying conditions is naturally, therefore,
subject to irregularities for the following reason:

We will suppose that a plant rated at 100 h.p. is being fed with a gas made under
the usual process of a steam-blasted producer. The gas fed to the engine will, due
to the variation of temperature at different loads, change from 125 B.T.U. to 145,
or thereabouts, and while this variation in heat units is, of course, a disadvantage,
the throttle on the engine could well take care of same, provided that the proportion
of the constituents forming the gas do not also change.

Unfortunately, while at full load the engine is operating on a gas, the active
part of which consists of about 309, hydrogen (and the ignition of the engine being
set so as to coincide with this hydrogen and being too late to derive the full benefit
from the carbon monoxide), it will be found that when the engine is running light
that the drop in temperature will affect the amount of hydrogen to such an extent
as to practically reduce the same to a negligible quantity. Now, under these con-
ditions it will be noted that the ignition of the engine is wrong, being altogether too
late for the carbon monoxide which at that time forms the most important part of
the gas.

To overcome this well-known defect some engine builders provide for an ignition
system, the timing of which is controlled by the speed of the governor, but even this
method, although tending to help matters under some conditions, falls far short of
being a complete remedy.

The natural way to overcome this defect w ould be to make changes in the pro-
ducer, not the engine, which would supply a gas having a uniform ecomposition under
all loads, or at least, if this is impossible, supplying a gas which eontains only one
active constituent, so as not to affect the timing on the engine under any conditions.
If this is done, it will be seen that the throttle on the engine will take care of the
variations in gualily of the gas, that is to say, if at low load the gas is merely weaker,
but containing the same constituents as at full load, it can readily be seen that the
throttle valve of the engine will run wider open under these conditions with no result-
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ant bad effect on the regulation. Such a gas can be readily generated by supplying
any form of gas producer with a draft consisting of air alone, and this has often been
tried.

Although this method of gas generation will supply a gas answering the require-
ments, another difficulty is experienced due to the fact that the fire in the producer,
when fed with pure air, will soon reach such a high degree of temperature as to melt
the fusible ash in the fuel, thereby forming excessive clinkers, which stick to the
lining, clog up the grates and generally cause shut-downs.

Advantages of the Tait Producer.—This problem has, however, been overcome
by the Combustion Utilities Company of New York, who have patented a process
for supplying the air draft to a producer diluted with a certain amount of COg, this
CO; being obtained from any available source, such as for example the exhaust of
the engine. By admitting a fixed proportion of COz under the fuel bed in the pro-
ducer, the percentage of free oxygen in the draft supplied to the producer is cut down
to the point where excessive temperatures in the producer are entirely prevented,
while at the same time sufficient temperature is obtained to cause a conversion of
the CO; formed in the lower layers of the fire to CO in the upper layers, and to supply
a resultant gas having approximately the following analysis:

Volume per cent.

This gas, while of a very much lower total heating value than the gas formed
under the usual method of producer operation, is found to generate just as much
power in a gas engine with cylinders of a given size as the usual type of producer gas,
while on the other hand absolute freedom from pre-ignitions is experienced, due to
the absence of hydrogen, and from reasons expiained above, such variations as occur
in the amount of CO in the gas (and these variations are found to be very slight
between no load and full load), are not such as to affect the regulation of the engine
to even a small extent.

Furthermore, complete control of the temperature of the fuel bed is maintained
by operating the valve supplying the COz to the ash pit. In the illustration here-
with is shown an elevation and partial section of a plant arranged under this process,
and, as will be seen, the exhaust pipe 22 by-passes parts of the exhaust back to the
producer through valve 7, from whence it goes to the ash pit. At the same time
the air supply enters with it through the pipe and valve 6 in a predetermined pro-
portion.

When operating suction producers under this process, it is usual to employ a
mechanically operated exhauster (14), as shown in the illustration, the effect of same
being to suck the gas from the producer and pass same into the engine at an abso-
lutely constant pressure of about two inches water. This arrangement is particularly
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advantageous when it is desired to operate two or more engines from a suction pro-
ducer, as the gas supplied to the engine is always under the uniform pressure and a
test burner, as shown by the illustration, can be watched by the operator to see that
his gas is of uniform character.

The apparatus (14) consists of a positive-type exhauster operated by motor or
other suitable means, and which draws the gas from the producer as indicated by
the arrow points, and discharges the same toward the engines and at a predetermined
and absolutely fixed pressure.

This pressure regulation is very simply obtained, by the faet that the outlet of
the exhauster communicates through several pipes, to a seal of water contained in the
base of the apparatus, this seal of water being set to the desired point to give best
results at the engines. Any excess gas over and above this pressure naturally bub-
bles up through this water seal, returning to the inlet side of the exhauster. This
apparatus in a very simple manner takes the place of the usual gas holder and enables
engines to be operated in parallel from the same suction producer.

Fic. 67.—Automatic Regulation Exhauster. (No. 14 in Diagram of System.)

This apparatus was found to greatly assist in steadying up the conditions upon
which the plant operated and was absolutely necessary to close regulation when it
was desired to operate more than one engine from a single suction producer.

It was found when using this process (in which the resultant gas contains no
hydrogen), that very much higher compression pressures could be handled with
safety in the engines employed, and it is usual to operate engines using this system
at a compression pressure of 200 lbs. This, of course, greatly increases the efficiency
of the engine, while, at the same time, it is usually found that the horsepower will
run up about 109, beyond the point obtainable when running the same engine on
regular producer gas containing hydrogen.

Numerous tests have been run with this process and have proven the superiority
of this type of gas for engine work over the usual form of gas containing hydrogen,
not only in point of economy, but more especially in regard to the reliability of oper-
ation, the same being on a plane with a steam-engine installation of the same size.

One of the features incidental to this process, which proves attractive to many
using steam-blasted producers of the suction type, is the ability to operate the pro-
ducer continuously without stopping the engine when the fires are cleaned, the reason
for this being that opening the ash-pit doors for cleaning the producer has no effect
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on the quality of the gas, as it does under the steam-operated conditions, for the
reason that only air and exhaust gases are passing up through the fuel bed, and the
steam which goes up under ordinary conditions, and which is cub off by absence of
suction when the ash-pit doors are open, is eliminated at all times, and conditions
are therefore the same running with the ash-pit doors open or closed, with the excep-
tion that to operate for any long period with the ash-pit doors open would cause an
overheating of the fuel bed, due to too much oxygen reaching the fire.

Fic. 68.—View of Previous Illustration.

Regarding the operation of a producer plant operating under this system, the
services of one fireman for each 300 b.p. in small units, or for each 500 h.p. in large
units will be sufficient, provided that means are at hand for delivering the coal upen
the working platform, which, in the case of a producer is, as shown in the
illustration, at the top of the apparatus in the form of a hopper.

The cleaning of the fire requires slightly less work on the part of the operator
than the cleaning of the fires under a steam boiler of the same capacity, while on
the other hand the stoking with fresh coal and the poking down of the fuel bed are
about the same as that required on a steam-operated plant. It should be borne in



102 GAS PRODUCERS

mind, however, that a somewhat higher degree of intelligence is required from a
producer fireman than from a boiler fireman, as in the one ease all he has to do is
to watch his steam gauge to tell what results he is getting, and on the other hand
he has to know by the color of the flame issuing from his sample burner whether the
gas is satisfactory, and what to do to make it so, whether to put on fresh coal, or
poke down the fire. Any man of ordinary intelligence, however, can master the
running of the producer in from one to two weeks of actual experience, at the end of
which time he should experience no trouble whatever.

Regarding the efficiency of a producer operating under this arrangement, this
has been found to be 809, provided that the down-take pipe from the producer is
surrounded by a pre-heater jacket, for the purpose of returning to the fuel bed some
of the sensible heat lost in the gas. While this efficiency is practically the same as
that of a preducer operated on the blast containing steam, on the other hand, the
efficiency of the gas produced, when burned in a gas engine, increases the economy
of same, so that an efficiency of 269 is readily obtained in the ordinary three-cylinder
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Ti6. 69.—Diagram of Heat Distribution with Tait Process.

vertical type of gas engine, where the valve chambers are separated from the main
cylinders, while in engines in which the valves open directly into the cylinder still
higher economies can be shown.

In other words, the total efficiency of the plant reckoned from the heat supplied
in the form of coal to the power actually developed by the engine will be found to be
slightly over 199,. This figure being obtained in direct comparison with the same
producer operating with the usual steam blast and with the same engine, in which
case only developing a total efficiency for the plant of 139, or, to carry the compari-
son still farther, as compared with a non-condensing steam plant of 100 h.p. (this
being the size of the plant on which the gas tests were run), it will be found that the
best results obtainable show less than 69, efficiency of the whole steam plant.

Regarding the floor space, ete., for a producer plant of this character, this will
be found to be the same as standard producer practice, and is based upon allowing
for a gasification with a maximum of 15 Ibs. anthracite coal per square foot of internal
diameter per hour in the case of suction producers, and 8 lbs. per sq.ft. per internal
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diameter in case of pressure producers. As this is substantially the practice where
producers are operated with steam blast, the point of its capacity rating and avail-
able space does not enter into the argument.

The plant shown in the accompanying illustration has a capacity of 175 h.p.,
and is installed in a room 50X 20 ft. with an overhead room of 20 ft. This room
contains, in addition to the entire producer plant, two engine units of 125 and 50 h.p.
respectively, as well as auxiliary machinery for blasting the producer, air compressor
for starting engine, electric generators, switchboards, etc., and compares very well
with the necessary room required for a steam installation of the same capacity.

When operating with bituminous fuel, there is additional apparatus consisting of
a rotary tar separator which would be driven from the same motor which drives the
exhauster; the additional space for this apparatus would not affect the layout suffi-
ciently to increase the over-all dimensions of the plant.
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Fig. 70.—Another Example of Heat Distribution.

A heat balance of such a plant will be found to be about as follows, assuming
a coal of 12,253 B.T.U. per cu.ft., and an average load on the plant of 102 h.p., for
a duration of the test of 24 hours:

IBYT-WE
Total heat of combustion per pound of coal, by calorimeter.. .. 12,253
Gewlldonsumediperthour), bs.x C. . J ol L oL 106.52
B.T.U. supplied to plant perhour. .. ....................... 1,305,214
Heat lostin scrubber Water perthiours .. <. .. ...h. ool on .. 145,124
Heat lost in water jackets of engine per hour. .......... ..... 342,719
Water jacket manifold around exhaust pipe per hour. ........ 63,966
IHeaticonyertedsimtofworkes: o o Sl st L s 267,225
Heat lost in exhaust gases, after deducting the amount re-
turned under the producer per hour. . ...... ot e R 354,802
Estimated loss per hour from radiation from producer, ete. . .. 131,378

T L T e g S 1,305,214
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As will be noted in the foregoing table, the losses in the plant are largely ocea-
sioned by heat given off in the jacket water of the engine and the temperature of
exhaust gases. This entire amount can be utilized towards heating the premises,
as is done in some installations, in which ease the total efficiency of the plant is raised
to a corresponding degree.

Operation of the Tait Producer.—The temperature of a gas leaving the producer
under the Tait System, is about 800° F. The temperature of the air and exhaust
gases entering under fuel bed will approximate or average 500° F. The latter tem-
perature will, of course, vary largely with the equipment and general conditions,
especially the distance of the exhaust muffler from the inlet of the producer.
Usually the exhaust gases from the engine will leave the manifold of the engine at
about 845° F., this being slightly lower than the temperature found in operating
under engines under the standard or steam producer gas system.

The amount of COy appearing in the primary air of the producer and reflecting
the acidulation of this air by the use of flue or exhaust gas, will vary from one-half
to four and a half per cent, the minimum and maximum extremes reflecting the
ratio between the load-factor and total capacity of the producer, a higher rate of
gasification per square foot of grote surface in the producer, requiring a larger amount
of the endothermic agent.

As a check upon the gas when the plant is in operation, the writer taps the line
somewhere between the purifier and the engine, testing same for CO -and COz only,
for practical purposes; it is only necessary to test for CO2 once the plant has been
put in satisfactory operation, for if the Orsat shows not over 29, COz in the finished
gas, everything else can be assumed to be correct, for the reason that any drop in
temperature in the producer below the dissociated point in COg would show a high
volume of CO; in gas fed the engine; whereas, if the fire goes to the other extreme
and becomes too hot, CO; in disproportionate amount will again show in the analy-"
sis, indicating blow-holes in the fire, ete. %

Which of these two conditions cause the COg in the gas can be readily noted by
observing whether the producer appears hot or cold on the outside. If it appears
quite hot and the COg in the analysis shows too high, the fire is getting into a burned-
out condition and requires poking down and fresh coal; if, on the other hand, the
outside of producer is almost cold and the CO; in the gas is abnormally high, it shows
that the temperature of the fire has fallen below the right point, and all that is
necessary to do in this case is to close off the exhaust where it enters the ash pit, so
that the fire may feed on fresh air alone; this will bring up the temperature of the
fuel bed rapidly until the same has reached the right point. Analysis of the gas
during this time will show a drop off of CO2 until it gets down to about 29, where
it belonged.

The usual method of keeping track of the operation of the producer is to watch
the flame issuing from the testing burner. When the gas is weak from any cause
whatever, or in other words, when it is high in COg, the flame will assume a yellowish
color, and will have a tendency to blow out, while, on the other hand, when every-
thing is running as it should, the flame will burn steadily with a strong blue color.
Any man who has operated one of these producers for a week or ten days can easily
learn from practice what to do by watching this flame. As to the variation of qual-
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ity of gas fed to the engine, this will not be found to vary over 59, while the engine
is in operation, and the variation, as it is only in quantity of CO and not in quality
(as in the case of regular producer gas containing two active constituents and where
the proportion of constituents to each other varies, due to the variation of load),
will not affeet the operation of the engine, as the throttle governor will take care of
any variations, that is to say, the throttle will run further open when the gas is
“weak” and close up more when it becomes rich again. : ’

Other things being equal and the coal of a fairly good grade and not inclined
too much to clinkering, it is well to run the producer at a high temperature, so that
the dissociation zone, which is the bottom 12 ins. of the fire, shall be about 2000° F.

As regards the admission of air to the producer, there is no necessity of regu-
lating this, it only being necessary to regulate the amount of exhaust, as the one
will affect the other inversely; it being understood that the more exhaust passed
through the producer the lower the temperature of the fire in the producer and vice
versa, this being entirely under the control of the operator, and being an advantage
not, obtained with other systems.

Starting Up.—To start plant, build fire in producer (1) of wood or charcoal,
leaving purge pipe open, so as to cause a natural draft. When the kindling is thor-
oughly ignited, dump in sufficient eoal through hopper (2) to gradually build up a
bed of fuel, continually increasing the depth of fuel until same has reached the bot-
tom of the magazine.

The fire is now in condition to be left over night with purge pipe open and one
of the ash-pit doors open about one inch, which will allow sufficient draft to circulate
through the producer to ignite the whole mass of coal during the night.

In the morning see that there are at least two inches of water in the seal by-pass
pot (9), as shown by water column on side of same. Open the vent pipe (8) on top
of this pot, then open by-pass valve (16); start up exhauster (14). The attendant
should then close the purge-pipe valve on pipe at producer and also open valve in pipe
leading from producer to scrubber.

As soon as this is done the exhauster (14) will produce a sucking action of the
bed of the producer, discharging the gas, ete., up through the vent pipe (15).

A few minutes after starting the blower try the gas at the burner (17), and if
_it burns with a steady blue flame the engine may be started.

In starting the engine it is well to see that the vent-pipe valve (8) is wide open,
likewise the by-pass valve (16) around at the blower. After the engine has been
started the vent-pipe valve (8) should be closed and the by-pass valve (16) regulated
so as to produce a pressure on water gauge of about two inches. The water gauge
should show a suction of about three inches or less when the plant is running under
full load.

When a marked decrease of load is put on the engine the valve (16) may be
further closed, so as to keep up the pressure as shown at gauge.

When shutting down the plant all that is necessary is to cut off the gas where
it enters the engine valve (21), and to open the vent-pipe valve (16), so that the gas
handled by the blower may escape through pipe (15).

This is the procedure for shut-downs of a few minutes, but should it be desirable
to stop the plant for several hours, such as over night, proceed as above, and then
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stop blower, close valve between producer and scrubber, and open valve at the bot-
tom of purge pipe; then the air inlet of the producer may be partially closed, so as to
just admit sufficient air to keep the fuel in good condition over night.

Troubles.—Explosions in the muffler boxes and exhaust pipe are usually occa-
sioned by MIS-FIRING of the engine, and this “mis-firing’’ is almost invariably caused
by ignition trouble, the igniters in one cylinder failing to work and the gas igniting
in the exhaust pipe of muffle by the next charge when it leaves the engine. There is
no particular damage caused by this trouble beyond the loss of power which it entails,
and the knowledge from the noise of the exhaust.

The remedy is to locate the igniter which is giving the trouble and to stop the
engine and change the igniter. For this purpose it is always necessary to have a
duplicate set of igniters handy for changing. It is well to mention here that engineers
should always on taking igniters out of their engines clean and test same immediately
before doing anything else, so that when they are again called upon for an igniter
they can always have a supply ready and in condition to operate. Much trouble is
occasioned by engineers taking out old igniters and laying them aside and forgetting
to clean them, with the result that when another igniter is needed suddenly there
is none available.

Back Firing.—Another trouble which may be encountered is back firing. This
is usually distinguished by flame coming out through the inlet-air pipe (20), or in
cases where this inlet pipe comes from the outside of the building and cannot be
seen, it will be noted that the back firing by producing a back pressure on gas main
(18) will splash the water in the water seals around the apparatus as it fires back
towards the producer. Back firing is usually occasioned by an improper mixture
at the engine or by a sudden weakening of the gas, and should never occur if the pro-
ducer operator has his fire in good condition; for, long before the engine gives trouble,
the pilot flame (17) which should be kept burning all the time will get very low or blow
out altogether on account of weak gas. ’

The remedy for this trouble is to poke down the fire, as a blow hole through the
fuel bed is probably the cause of the trouble. A small amount of coal should also be
added to help matters and the trouble should not last more than two or three min-
utes with proper handling. Changing the mixture of air and gas at valves will also
help temporarily. If back firing occurs when the gas is burning steadily with a good
flame at testing burner (17), it will usually be found that one of the inlet valves on
the engine is either ““pitted,” or does not close properly, due to the foreign matter on
the valve seat. This can be taken care of when the engine is shut down after the day’s
run, it being unnecessary to shut down on this account, providing that the engine will run.

Pre-ignitions.—This trouble consists of explosions inside the cylinders of an
engine when both the inlet and exhaust valves are closed, but occurring too early in
the working cycle, with the result that an impulse is given to the combustion in the
reverse way to that in which the engine is operated.

Pre-ignitions are almost invariably due to particles of carbon or other foreign
matter in the ecylinder becoming heated redhot, and thereby igniting the charge
prematurely. They may also occur from the timer on the engine being shifted to too
early a period. This is easily remedied by shifting the timer back again. In the
case of prematures, which are traced to foreign substances in the cylinder, the only
remedy is to shut down and clean out the affected eylinder.
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The engine attendant should always watch his exhaust gases where they emerge
from the building to see that they are perfectly clean, any smoke in the exhaust gas
indicating a too lavish expenditure of cylinder oil, or an improper mixture of the
fuel, air, and gas, either of which will be apt to cause a deposit of carbon in the gas
engine eylinders and to result in the pre-ignitions already referred to.

When shutting down an engine used for power purposes the gas valve should
always be shut off before cutting off the ignition ecireuit, thereby insuring the fact
that there is no live gas left in the engine cylinders. The reason for this precaution
is to obviate danger to attendants, who, when turning the engine over to its center
when getting ready to start again might encounter a “kick” from an unexploded
charge in one of the cylinders with disastrous results. By leaving the igniters on
until the engine actually stops, every particle of combustible gas in the eylinders is
exploded, and it is therefore harmless.

In operating the producer (1), it is always well to remember that a deep bed of
fuel insures steady operating conditions, and further, that systematic poking every
hour and a half or thereabouts, according to the amount of load on the plant, will
keep the fuel bed properly packed down, prevent clinkers adhering to the lining of the
producers and also obviate the risk of blow-holes burning up through the fire.

The Combustion Utilities Company’s process comprises a method of controlling
the temperature of the fire by the admission of exhaust gases under the fuel bed, and
while the valves (7) and (6) on each plant are set by the erecting engineer at their
approximate running positions before the plant is turned over to the cutomers, the
operator has always under his control these valves by which he can cool down his
fire when it becomes too hot, due to overload; or, on the other hand, if when start-
ing up he wishes to heat his fire up quickly he can do so by keeping valve (7) tightly
closed, and valve (6) wide open, thereby admitting pure air to the producer until such
time as the fuel bed attains the desired temperature.

The operator should at all times see that the water gauges on the various parts
of the apparatus are in working order, and that there is no great discrepancy between
the reading of any two adjacent gauges, as such discrepancy would be due to a
clogging of the apparatus with foreign substances, such as dirt or ashes, which would
interfere with the running of the plant if not removed.

As long as the gas issuing from the testing burner (17) burns with a steady blue
flame, the engine should run with complete saitsfaction, and any troubles encountered
under these conditions are surely traceable to the engine, and should be looked for in
that quarter. If, however, the flame flickers and goes out there is trouble in the pro-
ducer which should be attended to immediately to avoid having trouble with the
engine.

AVERAGE CoMPOSITION OF ORDINARY PrODUCER Gas
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AVERAGE ComPosITION OF TAIT PRODUCER (Gas

Main Gas Supply to Engine:

Per Cent
Carbonic acid, COs....... L R e L S S 2/
Oxyalen O e e A o e e A o 1.3
CarbonicsosatdeA@@FHiatii B3I wh gt TR e ol Sur 25.6
BilsU:,_gr08s PeriCUuslitt i Homss = s & G ei o oo 2ot S e 103.7

Muxture of Air and Engine Exhaust Gases Entering Producer:

Carbdrle acid, 005« . e s e N R 3.3
OXygen, OF 705 0% T s e A = R e Ly sy 18.9
CarbonicioXide; COA 0 i S TN e WS S O AR 0.1

Complete Analysis:

CarbonicEacid @ p L S Ry o) A & 1.8
Oy oen/m O8N e T i B ) e S 1.2
Carbonic-oxiderCO. | s v T, Ui 310w e R 26.2
Hydrogen, Ho.p 3 i b r. 5 Sev e Bt St e 0.4
Maish gas; CHE G 8 s i e A s 0.7
Nittogen, N. .2 55 e Srisel T e iy et g (Eap 69.7

Totali s .oz (i e e S S e R e e e NNy 100.0

GAS ANALYSIS MADE DURING TEST OF TAIT PRODUCER SYSTEM
(No Steam Used.)

B.T.U.
by Time. CO2. O, CO. Ho. CHa. N.
Calorimeter. g
110 12 Noon 2.0 1.3 26.9 0.3 0.5 9.0
105 1.45 p.M. 2.0 132 25.0 0.2 0.6 71.0
109 3.30 .M. 1.75 1.2 25.85 0.4 0.8 70.0
110 5.45 p.M. 1.70 ° ikl 26.3 0.8 1.0 69.1
101 3.45 A.M. 1.70 1.2 25.9 0.6 0.6 70.0
105 6.30 A1, 1.75 1.3 26.95 0.2 0.5 69.3

LOOMIS-PETTIBONE SYSTEM

Process.—The method of operating the Loomis-Pettibone gas-generating appa-
ratus is readily understood by following the course of the air and gas currents shown
by the accompanying cuts. Air is drawn down through the incandescent fuel beds
in the generators by the positive exhauster and the usual chemical action takes place,
the oxygen in the air combining with the carbon in the fuel to form CO.. As this
gas passes further down through the fuel bed it combines with more carbon, viz.:
CO2+C=2C0O. Any water in the fuel is decomposed by the incandescent carbon
liberating the hydrogen, and the oxygen combining with the carbon forms COs, and
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F1a. 71.—Twin Producer Plant, Loomis-Pettibone System.
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CO. The other constituents of the gas are derived from the volatile portions of the
fuel. The resulting producer or blast gas passes from the bottoms of the generators
through the connecting pipes and into the waste-heat boiler. In passing up through
the tubes of this boiler a large percentage of the sensible heat is absorbed by the
water forming steam. The gas then passes from the boiler to the bottom of the wet
scrubber where it comes in contact with the water by passing under a diaphragm
plate. In ascending through the scrubber it is divided by the scrubbing material
and meeting counter streams of water, is cooled, and at the same time the greater
portion of the impurities are removed. Thence it passes through the exhauster to
the dry scrubber where the remaining dust, ete., is removed. It then passes on to
the mixed-gas holder. At intervals runs of water gas made by turning steam intc
the bottom of one generator. The steam in passing through the incandescent fuel
bed is decomposed, the hydrogen being liberated and the oxygen combining with the
carbon to forin COj, CO, etc. This gas passes from the first generator across to the
second, down through it and then takes the same course as the producer gas through
the rest of the apparatus. The steam is only applied for about a minute when the
manufacture of producer gas is resumed. The water gas in passing up through the
first fire carries with it some of the volatiles of the fuel which, in passing down through
the second generator, are converted into fixed gases and the second fuel bed also
serves to decompose any steam which may have passed intact through the first fire.
Coal is fed into the generators through the charging doors provided in the crowns
of the machines and the tops of the fires being plainly visible can be deposited to the
best advantage.

Apparatus.—The apparatus consists of two cylindrical shells lined with fire-brick
and having fire-brick grates. Charging doors with sliding covers are attached to the
top plates of the generators and suitable brick-lined cleaning doors are bolted to the
sides of the generator to give access when cleaning above and below the grates. A
brick-lined pipe joins the generators, being located near the top of the shells. Brick-
lined pipes connect the ash pits of the generator with the lower gas chamber of the
waste-heat boiler. Steam connections are provided for introducing steam into the
top or bottom of the generators. The boiler is of the vertical cylindrical multitubular
fire tube, and the lower gas chamber is brick-lined. Manholes both in the upper and
lower gas chambers provide openings for inspection and cleaning. Water-cooled
valves are placed in the connections between the generators and boiler. A valve is
located at the gas outlet on the boiler and ecast-iron pipe connects the boiler with
the scrubber. The scrubber is a cylindrical steel shell in the lower portion of which
is placed a diaphragm plate just above the water level. This forces the gas to come
in contact with the water in the bottom of the serubber. Suitable overflows for
waste water are provided. The interior of the shell is divided into sections by trays
supporting the scrubbing material. The upper portion of the scrubber is enlarged to
contain excelsior or other suitable material. The water is introduced below the
second tray from the top and the one directly below it. The gas main then connects
the top of the serubber with the exhauster which is of the positive type and is either
driven by a motor, steam engine, or other motive power. A by-pass is arranged around
the exhauster to provide means of releasing the vacuum on the apparatus while mak-
ing a water gas run, and beyond the exhauster are the controlling valves for directing
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the gas either into purge stack of holder. The purge stack is only used when blasting
up the fires after a stand-by in order to obtain the proper temperature in the fuel beds.
From the exhauster the gas passes through the dry serubber, which is a eylindrical
steel shell arranged with trays for supporting the serubbing material. Suitable man-
holes for cleaning and charging are provided. The gas then passes into the holder
which is of the usual type.

Operation.—The operation of the apparatus can be readily followed by referring
to the accompanying illustration.

Fuel is charged into the two generators to a depth of about five feet and after the
exhauster has been started is kindled from above through the doors. When it is
seen that the fires have been thoroughly kindled a small quantity of steam is ad-
mitted, and mingling with the air which enters through the top doors, and is drawn down
through the incandescent fuel beds by the action of the exhauster. The producer
gas thus generated passes down through the grates of the generators, both valves
being open, up through the boiler valve and on to the serubber and exhauster. When
the gas burns at the test flame by the exhauster, and valves direct the gas through
the dry serubber into the holder, the operator charges coal through the open charg-
ing doors as it is needed and he also regulates the quantity of gas made to meet the
demands by altering the speed of the exhauster. The fires are kept in a uniform
condition by making runs of water gas, which is accomplished by closing the charging
doors, and introducing steam. This process is alternated by using the valves above
and the steam inlets below.

If more water gas is required for metallurgical work the plant is arranged with
a separate water-gas outlet, so that it can be divided from the producer gas and
stored in its own holder. The intervals between cleaning of the fires is governed by
several factors, viz., hours of operation per day, load factor, quality of fuel, etc.,
but it is customary to remove the ashes and clinkers once every three to seven days.

The total efficiency of the apparatus is shown by the following heat balance:

Propucer HeaT BALANCE

B.T.U. Per Cent.
Total heat in fuel supplied to plant...... 100,000,000  100.00
Heatinigas atit0 TR s 84,700,000 84.70
Heat removed by scrubber water........ 8,160,000 8.16
Heat removed by water-cooled vaives ... 1,560,000 1.56

Heat lost by radiation and other losses .. 5,580,000 5.58

The points claimed for this apparatus meriting special attention are as follows:

1. It produces a fixed clean gas of uniform quality.

2. All varieties of fuel can be used without any modification in the construc-
tion of the apparatus.

3. Very high efficiency over wide ranges in load.

4. Large overload capacity.

5. The ability to operate under sudden fluctuations in load.

6. Stand-by loss reduced to a minimum as combustion is arrested during such
periods.

-
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7. The fires being at all times visible to the operator, the fuel can be charged
to the best advantage.
8. The fires can be kindled and plant be in full operation in fifteen minutes.
9. A fuel gas of high heating value and low cost is produced.
0. Freedom from smoke or smell, due to apparatus operating under a vacuum.
11. No tar extractors required.
12. Ability to construct single units of large capacity.
13. The use of an exhauster and holder ensure a uniform pressure on the gas

14. Where water is scarce or expensive the greater part of the scrubbing water is
recovered and cooled by means of a cooling tower so that the water requirements
for a power plant are far less than those for a boiler plant.

The thermal value of the gas varies slightly according to the conditions under
which the apparatus is operated, and also differs with the fuel used. If a plant is
installed the primary object of which is to generate a large proportion of water gas
for metallurgical or other purposes, the producer gas will have a lower B.T.U. value
than if the gas is to be used exclusively for engine or lower heating work. The fol-
iowing analyses are typical of the above: :

LOOMIS-PETTIBONE PRODUCER GAS ANALYSES

No. I 1T 111 IV. Y VI VII.
Carbon dioxide, CO,. . . ... 3.6 6.0 15.96 IS 10.7 3.6 5.0
Oxween L. . . ..., 0.2 0.3 0.11 0.26 0.5 0.2 0.4
[luminants. .. .........%. 0.2 0.28 0.46
Carbon monoxide, CO. . ... 26.9 38.7 131524 9.86 17.2 26.1 18.6
Methane, CH,. ........... i 3.4 2.61 3.45 3.1 1.0 192
Higrogen JHM»C .. oL 9.4 46 .4 20.97 54.14 14.0 9.1 9.3
Micogen), N2 500 L. 58.8 5.0 46.80 10.53 54.5 60.0 65.5
B.T.U. per cu.ft.at 60°F..| 129.1 315.0 | 140.22 | 246.88 132.7 125.2 101.5

I. Mixed gas using bituminous coal,
II. Water gas using bituminous coal.
I11. Mixed gas using wood.
IV. Water gas using wood.
V. Mixed gas using lignite.
VI. Producer gas using bituminous coal (for gas engines).
VII. Producer gas using bituminous coal (producer gas practically a by-product from manufacture of water gas).

When operating to obtain the greatest yield of water gas the ratio of water gas
to producer gas is about 1 to 3; this proportion, however, ean be increased to almost
any amount. The amount of water and producer gas derived from a ton of coal is
influenced by the quality of coal, a poor grade of bituminous coal yielding about
35,000 to 38,000 cu.ft., whereas a good quality will produce as high as 50,000 to
55,000 cu.ft. * When operating the plant to obtain a good quality of mixed gas, say
for engine use, from 160,000 to 200,000 cu.ft. per ton can be reasonably expected.

The tar distilled from bituminous and lignite fuel in this apparatus and con-
verted into a fixed gas is assumed to represent 15 to 209, of the total calorific value
of the fuel. The fuel bed maintained should approximate at all times about 4 ft. in
depth.
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In the Loomis-Pettibone apparatus, compressed gas is used for stoking, a charge
of some 90 lbs. pressure being admitted through a quick-opening valve (approximat-
ing 1% ins.). These “shots’ are administered at intervals of 30 minutes and tend
to lift the entire fuel bed, which replaces itself and compacts with a tendency to
break up any chimneys or honeycombing.

The best results or high efficiency of gas obtained from this process for power
purposes is found with the gas approximating 105 B.T.U. in value, this usually repre-
senting about 59, of water gas to 959, of producer gas in the total mixture. This
is probably by reason of the fact that a higher heat value is reflected by the presence
of a large hydrogen factor.

No difference in rating or great surface capacity is made in these producers for
anthracite, wood, bituminous, or coke, the discrepancy in the heat value off. these
fuels being compensated by their rate of gasification. All of this apparatus is rated
on the basis of an estimated six-hour 509, overload.

The apparatus is built in sizes as given below, the dimensions stated being the
diameter and height of the generator shells. For convenience the various sizes are
rated at so many horsepower, which is their normal capacity, but the overload out-
put for an hour or two is 509, higher.

HIYP: of,plant’,' S0 250 375 500 750 1000 1500 2000
Diameter of generator. 5’3" 6.0 70" 80" 9’0" 10'0” Y~
Height of shell....... 1%/ OF 130" 14'0” 14'0” 150" 16’0 180"

The floor space and size of building required to house the above plants is shown
by the following figures:
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F1a. 73.—Space occupied by Plant.

Single Unit Plants. Double Unit Plants.
Horsepower Size of both Horsepower
of Plant. Generators. A. B. D. of Plant. B. C. D.
250 5 3"%x12 24’ 0" 28437 28" 0 500 28’ 3" 44 6 28’ 0”
375 GRS 25" 47 317 0” 28’ 0 750 31’ 0” 46’ 6”7 28" 0"
500 7' X 14’ 26" 47 38" 0” 33" 0” 1000 38’ 0” S1A6E 33’ 0"
750 8 X 14’ 28’ 6" 40’ 10”7 | 33’ 0” 1500 40’ 10” | 55’ 0” 3310
1000 9'Xx 15’ SO |23 Y SH (04 2000 42’ 3" 59’ 10”7 | 33’ 0”
1500 10’ X 16" 36" 0" 47 7" 33 0” 3000 47" 7" 64’ 0” 33’ 0”
2000 11/ x 18’ 38 0” 46’ 0” 33’ 0” 4000 46’ 0" 20% 33’ 0”

In the above table the double-unit plants consist of two pair of generators with
their boilers and scerubbers.
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The only purification the gas is given for general use is the washing it receives
in the wet serubber, and the final cleaning is accomplished in the dry scrubber. The
lower sections of the wet serubber are usually filled with coke or stones and the upper
sections, above the water, with excelsior. The dry scrubbing material usually con-
sists of excelsior or sawdust.

In special cases where it is necessary to remove the sulphur from the water gas
it is accomplished by resorting to the conventional type of purifying boxes filled with
iron oxide or lime.

Uses.—This system of gas manufacture is in extensive use at the present time,
water gas being utilized in a large number of manufacturing plants for processes
where high temperatures are required, while the mixed and producer gases have proved
their worth as fuel for lower heat work and gas engines. As water gas contains such
a large percentage of hydrogen and carbon monoxide, its flame temperature is even
higher than natural gas. Water gas has a high rate of combustion, resulting in its
successful application to direct-fired furnaces with a minimum of combustion space,
which contrasts strongly with oil-fired furnaces where considerable additional space
must be provided to permit of the full development of the flame. It is unnecessary
to use regenerative or recuperative furnaces to obtain the high temperatures, but by
utilizing the waste heat in pre-heating the air used for combustion considerable econ-
omies are effected. Among the processes in which water gas is used are:

Small direct-fired furnaces for welding and drop forging.
Brass melting in crucibles.

Steel melting in erueibles.
Semi-regenerative pipe-welding furnaces.
Soldering irons and furnaces.

Blow pipes for brazing.

Tempering watch springs.

Singeing cloth.

Japanning ovens.

Hardening and tempering.

Annealing.

Mixed gas, which consists of water gas and producer gas in any desired propor-
tion, is utilized for lower temperature work where regenerative fire-brick checkerwork
is not required, but with this feature added to furnaces, melting of various metals
is readily accomplished. The work being done with this gas consists of

Hardening and tempering saws,
Annealing and japanning.
Pipe-bending furnaces.

Gas engines.

Producer gas is also used for the above work in case there is a surplus of it.

By the use of gas in furnaces a considerable saving can be effected, due to the
centralization of the coal pile which obviates the necessity of carting or wheeling the
fuel through the shops. Another advantage is that there is no interruption in the
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output of the furnaces, as is the case where the fuel bed in a coal or coke-fired forge
has to be replenished, with a consequent delay while the fresh fuel is kindling; neither
is any time lost in taking out ashes or clinker. This naturally results in an increase
in the output per man, which in many cases is of far greater monetary value than
any saving which may be effected in the fuel. As no space has to be allowed for the

F1G. 74.—Staub Suction Gas Producer. Typical anthracite suction producer, as manufactured by
the Power and Mining Machinery Company.

storage of a fuel supply around each furnace, the available floor space in a shop is
either materially augmented or else in planning a new building the dimensions of
the building can be reduced. Cleanliness is another good feature, dust from ashes,
etc., being eliminated. Uniform temperature can be maintained, which in many
manufacturing processes is a vital point. The wear and tear on such furnaces is
reduced, and by using recuperators for pre-heating the air, heat which would other-
wise be lost up the stack is returned to the furnace.
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THE MORGAN PRODUCER

The Morgan producer, manufactured by the Morgan Company of Worcester,
Mass., is perhaps the. leading type of industrial producer manufacturing producer
gas for metallurgical and industrial work. The producer is steam blown and is ex-
ceedingly simple and substantial in its construction.

T s e = ~—

Fia. 75.—The Morgan Continuous Gas Producer with George Automatic Feed.

For its stoking it depends, in opposition to the Wood producer previously
described, more upon its method of feeding the fuel than upon any agitation of the
fuel bed itself, the producer being of the water-seal type and the ashes being with-
drawn through the seal or lute. .

The George feed, with which the Morgan producer is equipped, when supplied
with a proper and uniform size of fuel, gives perhaps the most even and complete
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distribution of its charge over the surface of the fuel bed which has as yet been
obtained. This uniformity of charge tends to close any chimneys or lines of cleavage
in the fuel bed upon the top, instead of closing such lines through the tort produced
in a revolving grate or ash table.

It may be said that the Morgan producer with its George feed, stops up or covers
its chimneys, where the Wood producer endeavors to close them. Again, with the
uniformity of feed attained with this producer, such chimneys or lines of cleavage
are less apt to occur, very seldom in fact where a fair uniformity of fuel is used.

The Morgan producer is used entirely for metallurgical or industrial work, and
is not used for power; by reason of the heat of its gases and from their direct appli-
cation, a very high efficiency is claimed for the producer.

WESTINGHOUSE DOUBLE ZONE BITUMINOUS GAS PRODUCER

The Westinghouse Machine Company -has developed a double zone bituminous
gas producer in compliance with a pre-determined standard which involves a pro-
ducer design capable of (1) continuous operation, (2) producing a gas free from
tar, (3) operating at such temperatures as would avoid troublesome clinker forma-
tion, (4) producing a gas of normal constituents suited to high engine compression,
and (5) finally a producer that could be readily operated by a single attendant with
comparatively little labor and skill. This latter qualification evidently necessitates
a plant of considerable simplicity.

This apparatus is running successfully upon both high and low grades fuel, the
latter including the lignites of northern Colorado, Texas, and South America. It
is also satisfactorily operated upon garbage, crude meadow peat, and other waste
materials. The general scheme is indicated in a sectional drawing showing a com-
plete plant with all auxiliaries. An upper shell (A) superimposed upon lower shell
(B) with cast-iron evaporator (E) between, a hollow air-cooled top (C), commu-
nicates with the evaporator through downcomer (D;) and uptake (D3). A third
downcomer connects evaporator with lower tuyere (7). The producer is supported
from four concrete foundation piers on a cast-iron mantle ring (M), the lower rim
of which dips beneath the level of the water in the ash pit, forming a water seal.

In the operation of this producer, green fuel is fed through the open top (F),
and during its descent to the offtake zone (0) is completely transformed into coke.
During its further descent to the ash line (S), this coke is completely gasified to
ash. There are, therefore, two independent fuel beds, (4) and (B). In the former
tar vapors distilled from the fresh coal, are transformed into fixed gas which mixes
with the straight coke gas generated in the lower zone (B3).

Vaporizer.—There are two combustion zones in this producer, one at the
extreme top and one at the bottom just above the tuyere. This is brought about
by a double supply of vapor laden air. This air supply is drawn in from above at
(@) (see plan). Circulating entirely around the hollow top, it is heated sufficiently
to increase its capacity-for taking up moistures, when it is again ecirculated over the
surface of the water in the evaporator (F). This vaporizer is practically in con-
tact with the hot fuel bed at the center of the producer, when it generates the
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With variable fuels, it is important to reduce the velocity of gas as low as
possible at the offtake. On this account the gas is drawn from the fuel bed at
several points communicating with the annulus (E,).

Rotary Exhauster—The rotary exhauster (H) serves to provide a positive and
uniform suction on the fuel bed. This type seems to fulfil the requirements and
incidentally avoid the uncertainties of operation encountered with the hand-regu-
lated blower. Thus, the plant becomes virtually a double-zone suction type.

This exhauster operates at a constant speed and delivers gas to the engine
always at constant pressure of a few inches of water. This regulation is accom-
plished by means of a butterfly valve (K) and a gasometer (I) which arrangement
by-passes such part of the gas delivered by the blower as is not required by the
engines, the remainder circulating through a small mixing heater overhead. In
this manner the necessity for a variable speed exhaust is avoided.

Fre. 77.—Section of Westinghouse Producer.

Holder.—It will also be noted that a large gas holder is not employed for
the control of gas production as regards quality and quantity or delivery pressure,
thereby effecting a material economy in installation.

Cleaning.—In the absence of tar, the problem of cleaning the gas suitably for
engine use, resolves itself into the simple removal of dust and lampblack. This is
accomplished by a static cellular type washer (N) in which the gas streams are
spread out in a thin layer and constrained to pass over the surface of still water,
during which process the foreign matter is thrown down. This reduces the quality
of foreign matter to about 0.02 of a grain per cubic foot, which affords a very large
margin of safety in actual operation.

Water Seals—At (0) is a single-seated stack valve and at (P) a water seal
controlled by plug (@) which is normally left open. When the plant is shut down,
the closing of valve (@) floods the water seal (P), thus shutting off the rest of the
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plant and automatically opens the stack valve (0). This water seal also makes it
possible to work on the auxiliary while the producer is at stand-by.

In practice, a large part of the foreign matter is thrown down in the down-
comer (D) by the action of a water spray (R), this sediment passing freely to the
overflow without entering the static washer.

The water seal of the producer proper may be partially drained by a rotating
valve (U). In its up position, this valve maintains-a level as shown by the dotted
line. When turned downward, the water is drained 2 inches beneath the lower rim
of the mantle ring (M), consequently breaking the seal, and allowing free ingress
of air at all points. This is effective in the starting of a new fire in which a heavy
draft is desirable.

Draft—In operation, the pressure at the top fire bed is slightly below atmos-
phere, so that when the charging cover (F) is opened, there is no tendency for
smoke or gas to reach the producer room. Thus it occurs that the most important
part of the fuel is always available for inspection and can be easily worked down in
full view. In addition, poke holes (V) are provided so located that the sides of both
the upper and lower linings may readily be raked by a poker bar and the ash settled
down as in the normal operation of a pressure type producer. This also gives access
to the fire bed—an important feature.

Labor.—The labor requirements are comparatively small, as the bed requires
poking seldom more frequently than once per hour. Ashes are removed about once
in twenty-four hours. Thus it occurs that with coal and ash separately handled,
one man can operate at least three of these producers without difficulty. Coal may
be charged at intervals of fifteen minutes to one hour, according to the load. Owing
to the low temperature at which the fuel bed is maintained, the formation of large
clinker is entirely prevented and this trouble has not been encountered in any of
the tests. Provision is made for flushing out the vaporizer at intervals to prevent
the deposit of mud in case foul water were used.

Washer—The static washer is practically indestructible and partly self-clean-
ing; but in any event, the various sections are readily accessible by lifting off the
cover. In the remainder of the plant there is little opportunity for deterioration,
so that as a whole this type of plant presents a number of important advantages
that have not been possessed by its predecessors, built and tested under similar conditions.

Operating Resulis.—Several weeks run on Pittsburg run-of-mine at 13,000 B.T.U.
per pound, as fired, gave an average consumption of 1.24 lbs. per b.h.p. hour con-
tinuous operation.

Nature of some of the fuels which have been successfully used with the Westing-
house producer:

COMPOSITION
Runs A. B. [ D. E.
RORMIEE . oo e 20.05 16.63 2.03 38.10 34.09
UL A e T T B T T 34.44 33.78 34.98 40.54 30.03
Fixed carbon .. ................... 30.85 42,22 56.22 | 17.86 26.32
AT o 48 T ey o S 14 .66 . (G277 | 3.50 9.56
B.T.U. pound as fired ... .......... 8032 8599 13305 6410 6950
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Efficiency.—The efficiency of the producer does not vary more than 109, from
full load to no load on the engine, and approximates 77.5%, on higher heat value, or
71.59, on lower. Samples of ash taken from the producer during the tests on Pitts-
burg run-of-mine, show for an average of six samples less than 159, ash.

Combustion Rate—The rate of firing varied from 13 to 22.8 lbs. per square
foot of fuel bed area per hour at the green fuel zone. This higher rate may be main-
tained indefinitely without vitiating the gas from excessive oxidation or without
clinker formation. The temperature of the gas leaving the fuel bed averages about
900° F., low enough to prevent clinker. With considerably hotter gas, the heat
value of the gas falls slightly. This temperature, therefore, serves as a fair index
of limits in regard to fuel bed temperature.

Heat Value—The average samples of gas taken from the engine show a heat
value of about 115 B.T.U. A considerably higher value could be obtained by using
more vapor.

Foreign Matter—The average gas samples show from 0.015 to 0.025 grain of
solid matter per cubic foot of standard gas. During a week’s test on the auxiliary
plant, twenty-five determinations showed a range of solid matter from 0.006 to
0.043. This solid matter consists entirely of dust and a little lampblack, the heavier
matter having already been removed at the discharge nozzle of the producer by a
water spray. These figures show ample capacity of the cleaning plant to take care
of bituminous fuels.

THE HERRICK PRODUCER

In opposition to the producers before described, the essential feature of the
Herriek producer is the idea of disseminating the air from the bottom through the
sides and top of its patented tuyere.

A claim made for this producer is that the air is disseminated so generally as
to prevent its concentration at any
one point with the attendant forma-
tion of chimneys, fissures, or chan-
nels.

This producer is being extensively
used on bituminous coals and lignite.
It is well adapted for industrial work
and particularly the operation of
ceramic and metallurgical furnaces.

Fia. 78 —The Herri:k G:nerator in Half Section. F16. 79.—Tuyere and Steam Blower of Fig. 75.
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SMITH LIGNITE PRODUCER

In addition to the bituminous producers made by the Smith Gas Producer Co.,
they have been particularly successful in manufacturing a producer adaptable to
the use of lignite and low-grade fuels.

It is a fact that it is almost impossible to operate the average down-draft pro-
ducer of ordinary construction on lignite coal, on account of the fact that these coals
crumble to very small dimensions after being heated, the crumbling occurring at a
certain temperature and the dissociation being very rapid and complete, with the
resultant effect that a sudden dampering occurs due to the instant accumulation of
a heavy ash bed. As a result the central part of the fuel bed becomes very com-
pact, so that the fuel is driven to the lining and channeling and high drafts
oceur.

In the Smith lignite producer this tendency is overcome by confining the blast
to the producer to a centrally located tuyere, which delivers into the heart of the
fuel charged, so that in whatever direction the blast may pass it is obliged to go
through a sufficient depth of fuel to insure the production of a good gas. In this
way the tendency to channeling and the driving of the blast to the lining is entirely
overcome.

This construetion also permits of the running with a very shallow fuel bed which,
when used together with a shaking grate, avoids the difficulty with a backing fire
which invariably follows the use of lignite fuel.

Another feature of the prcducer is the handling of the ash which necessarily
forms most rapidly and in greatest quantity at the point closest to the air inlet or
outlet of the tuyere. In the down-draft producer this is, of course, on top of the
fuel, and the presence of this large percentage of ash in the upper part of the fuel bed
has been one of the chief difficulties in operating this type of apparatus.

It is obviously impossible to work this ash through the grate in the ordinary
way, since if the ash is allowed to accumulate until it settles on the grate the whole
fuel bed would consist of ash, and hence the producer be out of commission. If an
attempt is made to force the ash down through the fuel below, there must necessarily
result a great loss of carbon or good coal from the ash pit which will be entrained in
its passage, and consequent reduction in the efficiency of the apparatus.

This difficulty has been avoided in the Smith producer by arranging to deliver
the ash towards the center of the fuel bed or that portion which is directly under the
air blast or tuyere, where the temperature of combustion is necessarily the highest.
At this point the ash is fused in a large solid mass or clinker, which generally increases
in size by accretions to its outside surface until it becomes of sufficient dimensions
to be easily detected in a fire, and of sufficient hardness to permit the proper hand-
ling when it is withdrawn from the fire from above by means of proper tools and
removed through the ash inlet pipe or tuyere, from whence it is taken out of the top
of the producer.

In practice this process of handling the ash is found to be in the highest degree
practical. The clinker can be withdrawn at any time when the producer is in oper-
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ation without interfering with the production of gas, and the ash taken from the
producer in this way contains an extremely small percentage of good fuel or
carbon.

There is, of course, a certain small amount of finely divided®ash which is con-

Detail of Charging Hopper.

Section of Producer. Detail of Hanging Grate.
F1g. 80.—Smith Lignite Producer.

stantly forming in the lower part of the fuel bed as a result of the decomposition of
CO2 to CO by carbon in this part of the fire. This fine ash or dust is removed from
the grate by simply shaking the grate from side to side, thus agitating the fuel bed
and tending to close up rivers or channels, when the down-draft of gas sweeps the
fine ash from the grate into the ash pit. In this way the ash is readily handled
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without undue loss of carbon and a packing of the fuel bed, consequent from the
use of lignite, entirely obviated. Moreover, the percentage of tar and lampblack in
the gas is reduced to a minimum and the hydrocarbons volatilized to the benefit of
the resultant gas.
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Fic. 81.—Air and Steam Pre-heater.

In the Smith apparatus the fuel magazine extends around the air-inlet tuyere
and up to the top end of this tube. This part of the producer is now filled with green
coal. The large diameter of this tube serves to equalize the pressure between the
top of the producer and the end of the tuyere, and the fuel in the magazine becomes
ignited from below, burning upward solely by natural draft, and distils off the vola-
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tile hydrocarbons which pass into the upper part of the producer. Here they become
slightly cooled and descend again through openings provided in the top of the central
draft tube where they are mixed with air and actually burned as soon as they come
in contact with the ignited fuel at the bottom end of the tuyere.

When burned these hydrocarbons become COz and Hs0. These in turn are
decomposed when passing through the coke in the lower part of the fuel bed and
become CO and H, their endothermic action being used to moderate the temperature
in the middle of the fire.

The illustration herewith shown of the steam-regulating device of the Smith
gas producer has proved very superior. The balance valve or piston is regulated by
the static head or amount of suction created by the incoming primary air to the pro-
ducer, the amount of water admitted to the vaporizer being proportional to the
volume of said air.

The passage of the air and water through the coils (B) of the recuperator tends
to make a thorough mixture of all hydrate or air in a very complete manner. The
heat used for the vaporization of the water, and to some extent the incoming air, is
supplied by the exhaust gas of the engine.

It is, however, likely that an arrangement could be made to abstract the sensi-
ble temperature of the effluent gases on their passage through the producer to the
serubber, should the arrangement as shown be in any way inconvenient.

LIGNITE SUCTION PRODUCERS

~ Lignite suction producers, under the design of the Gas Power Manufacturing
Co., resemble in principle and general outline the standard type of suction producer
for anthracite coal, coke, and charcoal. There are, however, certain radical princi-
ples in the design made necessary by the specific conditions existing in the gasification
of lignitic fuels, more particularly, by reason of the larger percentage of moisture,
volatile hydrocarbons, ash which they contain, the physical structure of the lignitic
fuel, temperature at which it disintegrates, and on account of extreme rapidity of
the gasification or combination of elements. The lignite producer plant consists of:
producer, scrubber, gas washer, and purifier. Taking up these parts in order seriatum,
they may be described as follows:

The Producer.—The producer consists of a cylindrical steel shell, with fire-
brick lining, and has a plain bar grate, with ample cleaning doors and ash pit. Coal
is charged in the top of the producers, through a double closure, or feeding hopper,
and may be delivered to the hopper either by hand, from a coal hopper by gravity,
or through the medium of a conveyor.

No vaporizer is necessary to produce steam for the purpose of regulating the
temperature within the producer, inasmuch as lignite coals usually contain a high
percentage of moisture, the evaporation of which within the producer is sufficient,
under most conditions, for all tempering purposes. Where, however, this amount
is inadequate and must be supplemented, a small amount of water is carried in the
ash pit, which will evaporate as high as % lb. of water per lb. of fuel gasified. This
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feature avoids perhaps the greatest complication in producer operation, and elimi-
nates the most expensive item of maintenance or up-keep.

The regulation of steam, which under ordinary circumstances is a complex and
complicated process, requiring great skill on the part of the operator, and by bad
adjustment, produces an excess of carbon dioxide, hydrogen, clinkering in the fuel,
ete. To a great extent this is obviated in the lignite producer and the evils aforesaid
reduced to a minimum, the operation of the apparatus being simplified to the most
primitive form. '

The producer works up-draft, the gases passing from the top of the producer to
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Fic. 82.—Lignite Suction Producer.

the serubber in such a way as to penetrate the incoming charge of coal, or the “green
coal” as it is known, which charge is pre-heated by the absorption of the sensible
heat from the effluent gases, affording a high degree of heat recuperation, amount-
ing in some instances to say 209 of the total heat of the fuel, and thereby conserving
and restoring waste heat to the producer in a most efficient and economical
manner.

The Scrubber.—The scrubber is a cylindrical steel shell containing neither
coke nor checker work, as is the ordinary practice, but equipped instead with several
atomizing sprayers of a peculiar deviee and design, which fill the volume of the tank
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with water vapor at a certain tension, necessary for combination with the impurities
of the crude gas.

The function of the scrubber is to cool the gas and condense the heavy hydrocar-
bons which are precipitated, together with a large portion of the dust and ash which
they entrain, through the change of volume in condensing, change of pressure and
also through super-saturation by the water vapor.

Gas Washer.—The gas washer is of centrifugal type, which separates the tar
and dust from the gas by placing the unpurified product in rapid rotary motion, and
at the same time subjecting it to a change of volume and pressure in the presence of
a finely divided water spray. The impurities washed out of the gas in both the
gas washer and serubber are collected in a waterbox, from which they are drained to
a sewer.

In case of the use of lignite, gas washers of peculiar efficiency are necessary to
abstract from the gas not only what is known as “tar,” but the other unfixed hydro-
carbons which impregnate the gases in a most tenacious manner. These constitute
not only the lighter tar and tarry vapors, but oils of the paraffine series, ranging
from a light yellow viscous matter to the heavier seal brown oil tars, such as are pro-
duced from the distillation of crude oil.

The very wide range of these impurities requires a cleaning apparatus of great
comprehension and scope, and only a machine especially designed for the purpose
can efficiently purify the gas for practical engine service. In installations where
water is scarce, the centrifugal pump is connected to the gas washer to circulate the
wash water, only enough cold water being added to cool and condense the gas.

The power necessary to drive the gas washer varies from 2 to 49, of the power
the engine supplies. This does not, however, change the rating of an engine or
plant, inasmuch as the gas washer is so designed as to deliver the gas to the engine
under atmospheric pressure, or when expedient at slight pressure. This relieves the
engine of its duty as a suction pump, in which service no gas engine made is a par-
ticularly efficient apparatus. Hence, the resulting arrangement really increases the
engine rating, and consequently the total efficiency of the plant, the engine receiving
a full supply of gas in its cylinders at each stroke and obviating all losses through
piston “slip.”

Purifier—The sawdust purifier is advisable to reduce the amount of satura-
tion or moisture mechanically entrained in the gas in its passage to the engine. This
purifier is the ordinary type and contains wooden trays covered with a mixture of
sawdust and planer chips, fine coke, corn cobs, or similar material.

General Advantages.—Briefly stated, the advantages of the up-draft lignite
producer over the down-draft type (as represented by the Loomis-Pettibone and
Smith producers) are as follows:

a. The grate is accessible at all times for cleaning, preventing plugging, banking,
and channeling, and involving a removal of clinker and ash with the minimum loss
of fuel, and without slowing the engine or loss of power.

b. The sensible heat of the gases is regenerated by the passage of gas through
the incoming or green fuel, which fuel absorbs the larger portion of this heat, con-
serving it and retaining it within the producer, at the same time pre-heating fuel
and bringing it up a stage towards the heat of combustion or gasification. Moreover,
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this pre-heating of the fuel drives off a large portion of the high moisture content
of the lignite, which would otherwise act as a diluent, and both require a large amount
of fuel consumption in its evaporation, and subtend a hydrogen content in the result-
ant gas, when distilled at the higher temperature of the lower producer zones. Not
only is this an advantage in driving off the hygroscopic moisture in the lignite itself,
but also the moisture absorbed by lignite upon its exposure to wet or rain, under
which conditions its saturation is remarkably high.

c. The quality of the gas, therefore, obtained is remarkably uniform and high
in heat value and low in free hydrogen, all of which are essential advantages in gas
for power purposes and the natural result of the system hereinbefore described.

d. This system is peculiarly free from danger to the operator, as he is at no time
exposed to the unprotected portions of the producers, or in contact with areas where
explosive mixtures may be formed.

e. The fixed carbon or combustible matter in the fuel is more completely gas-
ified than that within any other commercial system, there being less grate loss or
unconsumed combustible matter withdrawn from the producer in cleaning or along
" with the ashes.

" f. The apparatus is of much more simple construction, being more easily operated,
and possessing fewer variable conditions, requiring no water-cooled grates, less skill
in labor, no collecting tubes, vaporizers, or special fire tubes, and hence reducing the
expense of up-keep, repairs, and maintenance.

The advantage claimed by builders of the down-draft producer consists in the
fixing of a larger percentage of volatile hydrocarbon in the gas (the breaking up of
tars, oils, etc., into permanent gases) and through this reduction of waste, the effect-
ing of a greater fuel economy; or, in other words, the creating of a higher total
efficiency in gasification. It is unquestionalby true that under these conditions
more of the volatile and viscous hydrocarbons are fixed, but of necessity there is an
insufficient supply of oxygen in the bottom of the fuel bed, this being the result of
mass action in combination, as, for instance, the insulating and diluting effect of ash
formation, ete.

A certain portion of the fuel escaping unburned to the ash zone is carried off in
the cleaning of the grates, moreover, by reason of the lack of oxygen for complete
combination, the fire dies out around the grate or in the lower extremities of the fuel
bed. Hence, a certain portion of the fuel escaping unburned is lost by drawing the
coal with the ash. This may be said to be an offset and more than commensurate
with any possible saving in the fixing of the hydrocarbon under the down-draft
process.

The following analyses show the fixed carbon loss in ash in one specific instance:

LieNitE FrROM WiLsoN CoaL Co., CENTRALIA, WASH.

Proximate Analysis. Per Cent.
RO TSHNTICRY 4 Aph 3 S S T Tt St | ol 5, 2 T 15.7
VB B T B A S & 5 g O BTl o P R R T 47.0
I T OIS Syt b o M e Sk e 24.0
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AsH WritHDRAWN, DOWN-DRAFT PrODUCER, WiLsoN Dust CoaL

Analysis. Per Cent.
B, O oA S I, o, Wy ) b g ) S 2 S 5 s 17.8
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LieNiTe FroM RENTON MiINE, WaAsH.

Proximate Analysis. Per Cent.
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Asa WitHDRAWN, SMITH DOWN-DRAFT PRODUCER, RENTON CoOAL

Analysis. Per Cent.
Moistures «.0 o 50, T 0 S S S 25.0
Volatile mattier: s | ai g vanS min St S Gl e S i e 6.6
Pixed carbontand-sulphur: SEss S s 34.3
Ash: i o e R I R T T S Rt 34.1
Calorific-value; B o S e e ST 7600
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With up-draft producers the following would be the characteristic analysis of the
ash drawn:

Analysis. Per Cent.
Mootsture - o o s R ol AT AT 25.0
Volatile matter. . s 8 s e o o e A 5.0
Fixed! carbon andisulphuir st S S S s s B 15.0
Ash, oo 08 el A fee SR W S P, 55.0

The moisture content of draw is due principally to water-sealed producers. It
is a matter of record that the draw from properly gasified lignite fuel contains less
waste, or free carbon and volatile matter than the bituminous or anthracite coal.
This may be, perhaps, by reason of its low temperature of distillation, and its extreme
rapidity of heat propagation.

Lignite coals are widely distributed throughout the western and southern sections
of the United States. Most lignites can be successfully used in the producer described,
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probably not more than one in twenty being unacceptable. Before guaranteeing
operation, it would be necessary, however, to have analyses and experimental tests
of samples made, the principal points to be determined being the amount of volatile
matter, the amount of fixed carbon, the moisture content, the fusibility of the ash,
and the nature of the tarry oils or unfixed hydrocarbons. Brown lignites often work
as well as black, although they are usually of a lower heating value and require more
pounds per mechanical horsepower produced.

The amount of fuel required will range from 1% to 3 lbs. per b.h.p. per hour, depend-
ing, of course, upon the heating value and general characteristics of lignite used. A
thermal efficiency of 609, is a safe guaranty in connection with plants of this type.
That is to say, 609, of the B.T.U. contained in the original coal is delivered to the
engine and mechanical power is then calculated by the number of B.T.U. required
by the engine at various loads, or load factors. The usual arbitrary used in rough
caleulations being 10,000 B.T.U. b.h.p. per hour.

Lignite producer plants require about four gallons of water per h.p. hour, in addi-
tion to the amount required for water jacketing of the engine. The gas-cleaning
water can, of course, be cooled, separated from its impurities, and re-used where
proper towers, settling tanks, or separating apparatus is installed.

The quality of the gas from producers of this type is affected less by cleaning
or barring the producer than the gas from anthracite producers. It also requires
less time to blast up the producers, and the apparatus is more sympathetic, and has
wider range in accepting load variations.

On the whole, it is operated with less labor and effort, and the quality of its
service is so uniform as to make it peculiarly acceptable for variable conditions and
continued service.

WOOD-FUEL SUCTION PRODUCER

Wood, planer chips, sawdust and corn cobs may be used in suction producers
of almost any type running down-draft, up-draft producers being impracticable by
reason of the necessity for fixing resinous oils. In the use of oak and other non-
resinous woods, ordinary coke and sawdust scrubbers are sufficient for the purifica-
tion of the gas, but with all woods or fuels of the resinous type some form of mechan-
ical separator is additionally necessary, its interposition being between the producer
and the scrubber.

Where wood is used it is customary to use the ordinary stove size, say 14"+
147 +3”.  This gives very satisfactory results.

However, the wood is usually cut into billets approximately 2X4, or, say,
36 inches. Certain woods, such as fire, are especially satisfactory inasmuch as
they do not ‘“ char ”” or charcoal (a process somewhat similar to the coking of
coal) and hence, blanket or ‘““plug” the fire.

Where shavings or sawdust chips are used some form of mechanical feeder is
necessary.

The producer should be water sealed or of the Bosch type, and should preferably
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have a water-cooled grate, although $-in. steel bars placed upon angle irons are fre-
quently used.

The producer should be equipped with an abundance of poke holes, inasmuch
as sawdust, and chips particularly, have a strong tendency to burn next the lining,
creating channels: and chimneys. The mechanical feeder should really have some
mechanical stoking device which would tend to pack the fuel bed.

The sawdust fire bed is run to the depth of about 30 inches. The air inlets
should have throttling devices to prevent excess in the producer.

The producer is best constructed with a movable hood or stack for removing
the smoke while blasting and which may be lifted by counterweights or otherwise
while feeding or poking.

The producer should have two air connections to which the blast may be attached.
When starting, it should be blasted from the bottom until brought up to heat, after
which the connection is reversed and the producer blasted from the top until the gas
is driven to the engine.

The tar from resinous woods is particularly intractable and extremely detri-
mental to operation in the manufacture of power, a small portion of the resinous oil
effecting a clogging of governors, piping, and connections and causing the pistons to
seize.

In the producer illustrated, it was found necessary to put in side openings above
the grate to admit air and prevent the formation of soot and to keep the fire from
dying out in the bottom subtending a thick bed of finely powdered charcoal and soot,
and creating a considerable obstruction to the passage of the gas.

The admission of air at this point would act both as a mechanical agitator and
a chemical eatalytic.

However, such admission must be mest carefully arranged, as an excess tends to
make the producer extremely hot (through complete combustion), and also a large
formation of COs (with attendant waste). If a little air is admitted the producer
fills up with soot and packs as aforesaid. The mean between these two extremes
should be observed.

It is possible to use almost any fuel possessing, say 209, of combustible matter,
in a producer of this type. The writer in a 100-h.p. producer of similar construction
has obtained a brake h.p. for about two and one-half pounds of straw and about the
same amount of hay gasified.

In practice he has found it advantageous to chop the hay and straw coarsely
in one of the ordinary chopping machines used for this purpose. After feeding it
into the producer it may be rammed down with a square-headed tamp.

In sugar plantations bagasse is equally available and makes an excellent
fuel.

Smoke.—Where bituminous fuel is used in producers under the observation of
“smoke-nuisance laws '’ or health department regulations, smoke may be obviated
during the run by: (a) properly regulated combustion (sufficient mix of secondary
air); (b) light and frequent firing; (c¢) the maintenance of a fairly high heat in the
combustion zone; (d) not too deep a distillation zone.

In starting up the producer it may be brought up to heat without smoke by the
use of wood shavings and coke, or possibly a little anthracite coal. Afterarriving
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at normal temperature it may be “switched” to bituminous fuel without smoke pro-
duction by the precaution of light firing.

POWDERED FUEL PRODUCERS

Probably the most radical advance which has been made in the design of pro-
ducers since the date of their initial invention, has been the adaptation of powdered
fuel to this branch of work.

It is hardly necessary to call attention to the peculiar features attendant upon
its use, and although it is likely that it is governed by many intricate laws of mass
action and that it is the result of kinetic conditions with which we are more or less
unacquainted, for practical purposes it will suffice to say that the results obtained
are unquestionably due to intimate mixture of the elements and the molecular activity
due to mechanical agitation, which we may term “acceleration.”

Among the distinet advantages obtained by the use of powdered fuel (by which
we mean a fuel powdered to approximately a 50 mesh, this size requiring no pre-
drying), may be noted the rapidity of gasification, the service performed by an
apparatus of a given cross-section being four or five times that of the standard shaft
or cylindrical producer.

The gas produced is particularly uniform in its nature by reason of the fact that
the producer does not suffer from those changes in fire bed which create the variation
in gas analysis due to deep and shallow fire beds, hot and cold fuel beds, clinker,
chimneys, and channeling.

The “mix” or rate of feed of the various elements being once established, the
output may be said to be constant and the analysis of the gas and its calorific value
exceedingly uniform.

Another distinet feature is that of the saving from stand-by losses, stand-by
loss of a powdered fuel producer being almost nil, it being possible to start it up
from a cold producer to a gasifying apparatus within some ten minutes of time, the
only loss being the heat necessary to bring the apparatus up to a temperature of
gasification. Inasmuch as the stand-by losses from the average producer are usually
figured at 6 to 89, of the maximum rated consumption, this feature alone is one of
considerable importance.

The third claim for an apparatus of this class, and one of considerable import,
is the lessening of labor, the feeding of the producer being entirely mechanical ard
the stoking entirely obviated, there being neither clinkers to be barred down nor ash
in any quantity to be removed, nor is there the continuous poking necessary in all
of the types of producers, to maintain a uniform and compact fire bed.

The problem of ash and clinker, together with the tar and other hydrocarbon
impurities, are also taken care of in this apparatus. The first and second items are
reduced to a minimum, there being none of the untractable clinker which is unques-
tionably the most difficult feature of solution in the practical operation of the modern
producer.

In the last feature, that of the tar and other impurities, the distillation of the
coal is so complete that the tar is broken up by the use of hydrocarbons, and as these
hydrocarbons may be fairly said to represent from 15 to 209 of the value of the
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total available heat of the coal, their recovery, or rather retention in the gas, is an
extremely neccessary economy. The tar, as a matter of fact, in a powdered fuel pro-
ducer is more thoroughly dissociated and gasified than even in producers of the
down-draft type, while the conditions of the fire bed and the production of lamp-
black, which are drawbacks to these types, are not met with.

The increased ecalorific value of the gas supplied by apparatus of this kind is
probably due: TFirst, to the intense heat developed in the plume of combustion, and
a resultant complete distillation of all volatile hydrocarbons, the total efficiency of
which alone represents more than 209, of the combustible. Second, the intimacy
of air and carbon mixture, due to the pulverization of the latter, and the tempera-
ture aforesaid, creates a positive reaction, and there being no chimney or channels,
there is no uncombined air or “air excess’’ escaping to the top of the fire, and there
consuming the lighter hydrocarbons. The destruction of these in this manner is
larger in the ordinary shaft producer than is usually realized.

As much as 979, of the available carbon in the fuel has been turned into gaseous
carbon in pulverized fuel producers.

Some idea of the intimacy of union and rapidity of molecular action may be
gained in case of powdered fuel, by noting the conditions obtained in cement firing
for powdered fuel (100 mesh) where the following conditions will be observed.

In shaft kilns where direct firing is used, the fuel being lump, slack or run-of-
mine coal, an excess of air amounting to 300 cubic feet per pound of coal, is frequently
required. In the use of powdered fuel, as aforesaid, in rotary kilns only 150 cubie
feet per pound of powdered fuel is required, or practically the theoretical quota
necessary for chemical union or complete combustion.

The resaon for the excess of air necessary for complete combustion, which is so
great in direct firing and exists even in gaseous combustion, is governed by the laws
of mass action.

These laws are extremely intricate in their working and their formularization a
matter of great difficulty.

Briefly and simply stated, when C burns to CO2 or CO to CO,, the oxygen in
immediate contact with the fuel is combined, and the resultant molecule formsto
some extent an obstacle to the passage of fresh or additional oxygen for combination
with a further amount of fuel.

Thus the rate of combination tends to fall off. Assuming pressure and temper-
ature to remain constant, the combinations becoming less and less frequent, the
reaction being slower as compared with the total mass present or the elements involved.

To overcome or offset this condition an excess of air is necessary, that is to say,
this offset being to compensate the lessening frequency of the combinations due to
the stagnation or interference of the newly combined molecule aforesaid.

A common analogy of this may be seen in the mixing of sugar in coffee or salt
in water, these combinations requiring mechanical agitation or “stirring” with a
spoon in order to accelerate the reaction. If, in the example named, the amount
or volume of sugar is inereased, a larger amount of combination of sugar and water
solution will be produced within a given time, even without mechanical acceleration.
This is because more surface is presented for action and more atoms are brought in
juxtaposition or contact.
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The theory of powdered fuel lies along these lines, that is to say, the mass action
is relatively greater, there being a larger number of atoms or molecules of the respec-
tive elements in contact per unit of time and space.

In recapitulation, therefore, it will be seen that the theory of mass action depends
upon a diminuendo of chemical propagation, the diminishing curve being due to the
obstacles presented by the newly oxidized matter and the constant increase of both
time and space separating more remote particles.

Naturally those atoms or molecules in closest juxtaposition will unite most
readily and rapidly, while those at a distance require more time and greater travel
before locating an affinity.

The circulation required by the residual particles of the elements, towards the
latter part of a reaction of any given unit or volume, is therefore comparatively very
great, theoretically having to pass through or around the entire mass before the
uncarbonized particle of oxygen meets the unoxidized particle of carbon or vice versa.

This is again seen in the dissolution of salt in water, as before cited. This reac-
tion is at first very rapid, becoming slower and slower as the virgin or uncombined
particles must travel farther and farther to secure their complement of combination.

In practice, of course, for the reason herein suggested, complete reaction never
takes place, the residual or uncombined elements being carried away by convection
currents, gravitation, etc., before the search for combination (which if indefinitely
prolonged will, according to the laws of probabilities, occur) could be completed.

By increasing the amount of one element therefore (as air) three or four hundred
times, a smaller proportion of this uncombined matter escapes. This is the case in
the instance of direct firing, while in the case of gaseous or powdered fuel, the mechan-
ical intermixture or interrelation of the elements is so much more intimate, that the
loss is reduced to a minimum, and the ‘“complete’’ combination may be attained
with but small excess.

As an offset, however, to the salvage effected by complete combustion under
conditions of air excess, there is the necessity of heating a larger volume of air and
bringing it up to the flame temperature, necessitating a corresponding expenditure
of useful heat.

The conditions as cited above, as occurring in the matter of complete combus-
tion. do not prevail entirely in the production of producer gas, which is that of incom-
plete combustion. But this discussion has been promoted in order to show the
analogy between direct firing and gaseous or powdered fuel firing, and to illustrate
some of the laws of mass action, which control and materially govern the production
of gas under the powdered fuel system, and accounts for the low Ny and COz and
the high CO and CH, in the gas.

THE HIRT POWDERED FUEL PRODUCER

The following is a rough memorandum of the operation of the Hirt powdered
fuel producer at the Leetsdale plant of the Riter-Conley Company.

The size of the producer, inside diameter, 6 ft. 6 ins. Height, outside, 16 ft.
The diameter within the producer is reduced to a narrow throat by offsetting the
fire-brick linings. This throat forms a vortex through which combustion products
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pass, and just above which the steam used as an endothermic agent is admitted by
means of axial nozzles.

The blower and coal crusher consist of a small self-contained machine of a very
compact nature, the whole being operated by a direct-connected motor. The coal
passed is blown through a short tuyere which enters the producer near the base at
an opening tangential to its axis.

The operation of the producer is as follows: Coal being placed in the hopper it
is fed into the crusher at the outlet of which it is caught by the blast and blown into
the producer. The blast pressure and the speed of the crusher are, of course, capable
of separate adjustment and regulation, thereby obtaining a wide range of volume,
amount of fuel, and rate of flow.

The crusher and blower being started, the producer is fired by impinging the
blast upon a few handfuls of oily waste which have been previously ignited. The
vortex created by the contraction of the linings in the center of the producer sub-
tends a conical flame. Starting of the producer requires 30 minutes. The producer
being run as a furnace, that is to say, with complete combustion tor 15 minutes, which
is sueceeded by a dry run without steam for 15 minutes, after which the steam is
slowly turned on.

From a rough calculation, the output of this producer was equivalent to 2500
b.h.p. at an assumed engine efficiency of 10,000 B.T.U.; there was, however, no indi-
cation that the producer would run at its maximum capacity.

The auxiliary apparatus before mentioned, consisting of a combined crusher
and fan blower, reduces the coal to a 40-mesh, delivering same to the fan when it is
blown to the producer at about 1 pound pressure. The power required to operate
the outfit was about £ of 19, of the producer output. The labor consisted of one
man, there being no barring down, poking, or stoking required, his work being
merely the necessary regulation and adjustment of the apparatus, and the oiling of
the moving parts.

Practically all fuel-bed difficulties from ash, clinker, honeycombing, channeling,
and the co-related evils of necessary stoking, are overcome in this producer by the
slagging of the ash, which is fused and drawn off as a slag at the bottom of the pro-
ducer in the most satisfactory manner.

By reason of this, practically any fuel, no matter how inferior or low in com-
bustible content, may be used with equal satisfaction. The producer being success-
fully tested upon anthracite coal, coke, bituminous, and lignite coals. The principal
test was made on a bituminous coal having the following analysis:

LTI D0.00 Clo o o bho & oeacilors oS iy S SRR i L 5.029,
NI BNIIR T B R acknd & A it 5 S S IRi6807)
et eNib O NI AR s s Th el L)L e e i 72.489,
P T S T SR el L e L . 9.59,

The residue in the form of slag when analyzed, showed the following, upon two
separate samples:
L IL
SHCERTE ¥ SN o B T oA s 19.89, 40.99,
BT W omo i ol RS L R O T L 1.29, 14.209%,
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The following are copies of several analyses made from gas supplied by this
producer:

I 11 III 1v.
BO: S e T e e 23.7 275 26.5 27.0
(GO Bood P oo b 55 3.9 2.8 2.9 5
) e o S A R 1 | T o o 10.0 11.5 11.0 9.5
(€] S st b Y o e B S 5.0 4.5 4.7 5

It is a well-known fact that in the shaft producer there may be said to be three
general zones, the first two being that of primary and secondary distillation, and the
third being that of oxidation.

In the first, particularly in certain classes of bituminous coals and lignites, the
distillation commencing with the evaporation of the water vapor and moisture, com-
mences at a relatively low temperature, and is only really complete upon reaching
approximately 1300° F. in the second distillation zone, or just prior to commencing
oxidation.

As may be readily seen, this volatilization or distillation of volatile matter is
much more rapid than the action of oxidation, the ratio average with bituminous
coals being perhaps 10 to 1, and being still more rapid in the case of certain lignites.

It will also be seen that the heavy hydrocarbons thus distilled being infinitely
richer than carbonic oxide, there must necessarily be wide limits between the high
and low value of the gas, the former being reached during the maximum moment of
distillation, and the latter after distillation is completed, and the gas is merely the
resultant product of oxidation.

Now, it is also very apparent that where powdered fuel is used, the distillation
and oxidation may be said to be practically simultaneous, hence an increased uni-
formity in the gas due to an identity of its composition, which is almost continuous.

It would be obvious in this process that the difficulties obtained from caking or
coking fuel will be obviated. The difficulty under such conditions in shaft producers
being for the fuel to cohere in mats, reducing the suface contact, and hence the chem-
ical union of the elements, and at the same time creating a porous fuel bed, subject to
chimneys and fissures.

THE MARCONET POWDERED FUEL PRODUCER

A description of a gas producer recently developed in France, which utilizes all
grades and kinds of fuel with equal facility, was given in Le Génie Civil, briefly as
follows: The problem of utilizing all grades of fuel in the gas producer has been satis-
factorily solved in France by the invention of M. Marconet of a producer into which
the coal is introduced in a finely divided condition. M. Marconet has succeeded in
developing a gas producer which utilizes with equal facility fuels entirely free from
volatile constituents, such as coke dust and fuels in which the proportion of volatile
matter reaches as high as 30 to 359%,. Further, the percentage of ash is a matter
of indifference, the producer working equally well with fuels containing 5 or 309
of incombustible matter, and good results have been obtained with even bituminous
shales containing 709, of ssh. Finally, not the least important advantage possessed
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by this producer is the fact that it is able to utilize the fine coal and slack which
ordinarily goes to waste in coal mining and washing operations. These results are
obtained by charging the producer continuously with pulverized fuel, thusavoiding
all the difficulties encountered in the ordinary type of producer with its intermittent
charging of lump coal.

The use of pulverized fuel makes grinding necessary. This is done usually in tube
mills, the cost under ordinary conditions being from 1§ to 2 francs per ton. The fuel
is introduced into the producer by means of an apparatus which resembles in principle
the carbureter of a gasoline motor; that is, the air drawn into the producer carries
with it the pulverized fuel with which it becomes thoroughly mixed before it enters
the producer proper.

The producer proper is cylindrical in form and is lined with some sort of refrac-
tory material. The mixture of air and coal dust enters at the bottom of the cylinder
and tangentially to its circumference. Combustion is set up in the first place by the
introduction into the producer of a few pieces of burning wood, the admission of air
and fuel being cut down to convenient proportions. The temperature rises rapidly
and full working conditions are attained in a very short time. The incombustible
materials are projected by centrifugal force to the walls of the producer where they
collect in small liquid globules and finally run down into a slag at the bottom. This
slag is tapped off every six or eight hours through a tap hole similar to that of a
cupolh, an arrangement which gives every satisfaction. This slag varies in appear-
ance with different kinds of coal. It is very rare to find a coal of which the incom-
bustible constituents will not settle in this manner, and such difficulties can generally
be removed either in the grinding or in the charging of the fuel.

To obtain regular working of the apparatus, it is of prime importance that the
proportions of air and coal should be capable of exact regulation and maintenance
at all rates of working; in other words, that the charging device should have a simple
and efficient regulating mechanism. M. Marconet has achieved this result in the
following manner:

The pulverized fuel is charged into a hopper from whence it falls by gravity on
to a horizontal revolving plate placed about one centimeter below the hopper. This
plate is revolved by means of a friction roller, working on its under side, the distance
of which from the axis of the plate can be regulated during working. During the
rotation of the plate the fuel is met by a scraper placed obliquely, which causes the
coal to fall in a thin stream on a second plate, which may be adjusted at any angle
to the horizontal. In sliding off this latter place the pulverized fuel passes the intake
of a fan which supplies air to the producer and is drawn in along with the air, the
mixing process being complete.

Since the rate of working of the producer varies with the speed of the fan, and the
speed of rotation of the feed plate depends entirely upon the speed at which the fan
is driven, the supply of coal varies automatically with the air supply. Further regu-
lation of the fuel supply may be obtained by changing the position of the friction
roller, raising or lowering the rotating plate to increase or lessen the flow of coal from
the hopper, altering the position of the seraper, or changing the angle of inclination
of the adjustable plate. In the latter case, changing the angle of inclination of the
plate alters the distance of the falling stream of coal from the intake of the fan. By






CHAPTER V
MOVING GASES

Rotary Gas Blower.—A rotary blower for handling hot gas is described by Ingalls
as follows: A rotary blower, or exhauster, is placed in the gas flue between the gas
producer and combustion chamber for drawing the gas from the producer and foreing
it into the combustion chamber. This exhauster is run at uniform speed and pro-
duces a uniform movement of gas in the flue, automatically retarding or promoting
movement in the producer, accordingly as there is a tendency to produce more or
less than the required amount of gas. The exhauster in the gas flue therefore codp-
erates with the blast beneath the fire to lessen or promote tlie production of gas in
accordance with the quantity the exhauster takes away, and when used with the
means for increasing or diminishing the draught openings beneath the fire, so as to
admit more or less air, according as there comes less or more than the amount taken
away by the exhauster, the required equilibrium in the upper part of the producer
may readily be secured and maintained while the feeding and stoking openings are
uncovered.

The exhauster comprises wings B’, supported on the shafts B2 which are extended
transversely through an enlarged part of the flue adapted to the wings and supported
in suitable bearings b. The wings are operated in unison by spur-wheels &’ on the
shafts ‘B2, One of the shafts is connected with suitable gearings b2, adapted to be
operated by a pulley B3, which is driven by a belt from the power shaft. In order to
secure the exhauster against accidental high heats and for keeping the shafts, spur-
wheels, journals, and bearings cool the shafts are made hollow in that part which
passes through the gas flue and for some distance upon each side. There is a parti-
tion ¢ midway in the hollow shaft. At the ends outside the flue there are slots or
openings ¢/ ccmmunicating with the hollow of the shafts. The wings are also made
hollow, and the openings ¢? in the shafts upon each side of the partition ¢ are made
to communicate with the hollow of the wings. Hollow boxings D are placed upon
the shafts so as to cover the openings ¢/, and a blast pipe D’ is connected with the
boxings, whereby a current of cold air may bhe forced in at one side by an ordinary
blower, passing through the hollow of the shafts and out upon the opposite
side.

The wings of the exhauster rub or move relatively to one another, at the point
of approximate contact, and thereby cleanse each other of all accumulations of soot
upon their adjacent faces, except to the extent of such small increment as will make
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them fit more closely together; such soot as remians on them being a non-
conductor, tends to protect the exhauster by preventing absorption of heat from
the gas.

The soot accumulations upon the interior of that part of the flue where the
exhauster is located are subject to being foreed outward against the wall by the
action of the wings, and thus tend to produce objectionable pressure upon or contact
between the wings and flue. To obviate any difficulty on that account, a yielding
section i1s arranged in the bottom and top of the flue where the exhauster is located,
whieh will give way before any dangerous pressure is created in that manner, and
also in case of accidental explosions. Such a safety-valve is provided by forming
part of the arch E, over the wings, of cross-bars e laid sufficiently close to support
a layer composed of a mixture of clay and coal dust, and of sufficient weight and
strength to resist the gas pressure and yet yield to any outward pressure resulting
from soot accumulations being forced outward by the action of the wings of the

Fic. 84.—Hot Gas Exhauster.

exhauster. The bottom part E’ is made of a layer of similar composition supported
on a bed of dust ¢/, piled upon the floor under the gas flue. These yielding parts of
the flue not only adapt it to utilize the soot accumulations for maintaining a close
fit of the wings in the flue, but also afford means of easy access to the interior of the
flue for cleaning or repair. When the exhauster in the gas flue is out of repair, the
gas is carried around it by means of a by-pass, while the repairing is being done. The
battery of producers in such case may be worked by means of the valves controlling
the communication of the several members with the gas flue and the escape chimney,
whereby any single producer may be cut out during the feeding, stoking, and clinker-
ing thereof, the other producers of the battery furnishing the supply of gas in the
meanwhile, the blast beneath the fire being of sufficient strength to be turned on with
increased force at the same time.

Suction Producer Exhausters.—The use of the exhauster in connection with the
suction producer is multiple, inasmuch as it permits the aggregation of a number
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of units, and of maintaining on the suction pipe of each a constant suction which
prevents ‘“robbing.” But even more important is its ability to replace the holder
and by ecirculating the gases withdrawing them from the producer, and by passing
them so that they return, a continuous circulation is kept up, which prevents the
fire from deadening at the lower loads, and retains to a great degree a more uniform
condition of operation.

From the producer standpoint it will be seen that the exhauster with a seal and
by-pass also has a regulating effect, and when used in exhausting the gases it creates
an induced draft, which, for bringing the producer up to heats and for blasting, is
much more satisfactory than its predecessor, the blower.

But the more important function of the exhauster is that of a pump whereby
the suction stroke of the engine is supplied with gas under a head or pressure rather
than below atmosphere.

The efficiency of the gas engine as a suction pump is very low, and in many
instances the interposition of an exhauster supplying gas at from three to six inches
pressure, instead of the engine receiving gas at from one to seven inches vacuum,
the total eapacity of the engine has been increased by from 15 to 209, with a corre-
sponding increase in efficiency.

Some idea of the physies involved may be given by an analogous experience of
the writer, where by the interposition of an impeller exhauster which was connected
in series with the inlet of an air compressor, the capacity of the compressor was
increased by some 609, while there was practically no difference in the total power
used.

In this instance the compressor through the medium of the exhauster was sup-
plied with air at about six pounds pressure instead of drawing air at a very high
vacuum. It permitted the compressor cylinder to be completely filled with low com-
pressed air at each stroke, hence a much larger volume at each stroke was
handled.

It will be seen therefore that the efficiency of the impeller exhauster at low
pressure is materially higher than that of a suction pump, whether in form of an air
compressor or the suction stroke of a gas engine. A

Through the interposition of an exhauster in supplying a gas engine with gas,
instead of relying upon suction stroke of the engine to supply the producer with air
and the eylinder with gas, an increased engine capacity is attained, in some instances
amounting to 109,.

This is due to the inereased efficiency of the exhauster over the engine when
running as a suction pump, and also the increased density of the gas when supplied
under pressure instead of suction to the engine and its freedom from attenuation.

Although the water-seal or “blow-back” exhauster nominally retains a con-
stant pressure upon the engine, this pressure must, of course, vary with the suction
on the producer. The pressure difference, naturally, depends upon the depth of the
seal, which is necessarily affected by a minus atmosphere on the exhaust side of the
exhauster, in the same way as by a plus atmosphere on the pressure side of the
exhauster. .

In the anthracite producer the variation of the building up of suction, due to
increase of ashes, clinkering, condition of the fuel bed, ete., is comparatively slow,
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and the regulation can be readily maintained by adding or subtracting water from
the seal as reflected by the gauge cocks.

STEAM SUPPLY
D

AIR SUPPLY ‘
-

ST G IS IIEIIIA

2

o A v i
’ Fie. 86.—The Korting
Blower. Exhauster. Injector Blower.

Frc. 85.—Eynon-Evans Steam Blower and Exhauster.

With bituminous, and particularly lignite fuels, this is more difficult, by reason
of the extreme rapidity in the change of conditions within the producer, hence the
operation of the exhauster requires more constant attention.
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Steam Blowers.—Gas may be impelled or drawn along conduits or pipes by
means of the injector type of steam blower, such as is used in the fireplaces of steam
boilers. Two of the Eynon-Evans type and one of Korting blowers are here illus-

trated and need no further explanation.

Blowers and Fans Compared.—In most tables of speeds and capacities, 30,000
cubie feet of air per hour is figured to melt a ton of iron.
Tigured on a basis of one pound pressure per square inch, 1000 cubic feet of air

delivered will require five horsepower.

POSITIVE BLOWER
Low Speed.

FAN BLOWER
High Speed.

Belts last indefinitely and give no trouble.

Belts last a comparatively short time and are
constantly giving trouble on account of their
high speed.

A comparative statement of speed to do a
given amount of work would be, say 200 revo-
lutions per minute.

The fan to do a like amount of work under
the same conditions would run 2000 revolu-
tions per minute. This is a fair statement of
speed ratios.

Actual tests between fan and positive blower
have shown the latter to have an advantage of
509, in saving of power over the fan working
under the same conditions.

The enormous speed of the fan, together with
the fact that the pressure increases the efficiency
decreases, accounts for the superiority of the
positive blower over the fan, as regards power
and efficiency. e

With the positive blower the blast is forced
to the center of the stock in the cupola, thus
producing a hot fire, a saving of fuel, hot iron,
and solid castings.

The non-positive blast produced with a fan
cannot be forced as completely to center of
stock in cupola, hence does not produce as hot
a fire, but imperfect combustion and a waste of
fuel.

POSITIVE BLAST

NON-POSITIVE BLAST

Testing Blast.—Accurate information regarding the operation of any system of
blast piping can only be secured by making careful tests with special instruments.

Most important of the instruments usually employed for this purpose is the
pressure gauge, which, in its most convenient form for ordinary work, is presented in
the high-pressure water gauge. The large cup at the top of one arm serves as a
reservoir in which, because of its size, a practically constant level is maintained, thereby
reducing by one-half the length of the gauge glass that would otherwise be necessary.
The atmosphere is in contact with the surface of the water in the cup, while the water
in the other arm may be subjected to the pressure in any pipe or chamber by con-
necting the flexible rubber tube therewith. The actual pressure difference may be
read in ounces per square inch, as indicated by the level of the water in the graduated
glass tube. The instrument here shown is capable of measuring pressures up to 20
ounces.

Such a gauge is designed only for independent observations, so that an approach
to a continuous record can only be secured by a multitude of readings taken at very
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FANS REQUIRED FOR GAS PRODUCERS

Coal | Cu. Ft 2-0z. Pressure. 2}-0z. Pressure. 3-0z. Pressure. Fans.
Bulrged AlixrirIe{S- S5/ Rev S S| Rev 82| Rev &
24 Hrs. pqerMin. 'zns';‘perl\ﬁ.n. EUL N o %Eﬁ perMi.n. LR G ,,%;2 peern. H.P. | Cu. Ft. g;? Cost.
1
3ton| 600 | 2 I 2290 =2 688 | 2 | 2560 155 767 | 2 | 2840 2.0 845 | 0 | $20
4T 800 | 3 | 1910 1.5 967 | 3 | 2130 2.2 1 1080 | 2 | 2840 2.0 845 | 1 26
5 ‘| 1000 | 4 | 1600 2.2 | 1340 | 3 | 2130 2.2 | 1080 | 3 | 2360 3.0 | 1190 | 2 33
6 ‘| 1200 | 4 | 1600 2.2 | 1340 | 4 | 1790 3.0 | 1490 | 4 | 1980 4.0 | 1640 | 3 44
7 ¢“ 11400 | 5 | 1410 2.7 11690 | 4 | 1790 3.0 | 1490 | 4 | 1980 4.0 ] 1640 | 4 55
8 ““ | 1600 | 5 | 1410 2.7 | 1690 | 5 | 1570 3.8 | 1880 | 4 | 1980 4.0 | 1640 | 5 70
9 ““ |1 1800 | 6 | 1190 4.8 | 2990 | 5 | 1570 3.8 | 1880 | 5 | 1740 5.0 | 2080 | 6 90
10 ““ | 2000 | 6 | 1190 4.8 | 2990 | 6 | 1330 6.8 | 3330 | 5 | 1740 5.0 | 2080 | 7 | 150
12 ¢ | 2400 | 6 | 1190 4.8 | 2990 | 6 | 1330 6.8 | 3330 | 6 | 1475 9.0 | 3670 | 8 | 200
14 ‘¢ | 2800 { 6 | 1190 4.8 { 2990 | 6 | 1330 6.8 | 3330 | 6 | 1475 9.0 | 3670 | 9 { 250
16 ‘| 3200 | 7 | 1040 6.8 | 4250 | 6 | 1330 6.8 | 3330 | 6 | 1475 9.0 | 3670 |10 | 325
18 ““ | 3600 | 7 | 1040 6.8 | 4250 | 7 | 1160 9.6 | 4730 | 6 | 1475 9.0 | 3670
20 ““ | 4000 | 7 | 1040 6.8 | 4250 | 7 | 1160 9.6 | 4730 | 7 | 1290 | 13.0 | 5200
22 ‘¢ | 4400 | 8 907 9.5 | 5810 | 7 | 1160 9.6 | 4730 | 7 { 1290 | 13.0 | 5200
24 ‘| 4800 | 8 907 9.5 | 5810 | 8 | 1010 | 13.0 | 6440 | 7 | 1290 | 13.0 | 5200
26 ‘¢ | 5200 | 8 907 9.5 | 5810 | 8 | 1010 | 13.0 | 6440 | 7 | 1290 | 13.0 | 5200
28 ‘¢ | 5600 | 8 907 9.5 5810 | 8 { 1010 | 13.0 | 6440 | 8 { 1120 | 17.0 | 7100
30 ‘¢ | 6000 | 9 700 | 15.5 | 9530 | 8 | 1010 | 13.0 | 6440 | 8 | 1120 | 17.0 | 7100
32 “ 16400 | 9| 700 | 15.5 | 9530 | 8 | 1010 | 13.0 | 6440 | 8 | 1120 | 17.0 | 7100
34 ‘“ 16800 (9| 700 | 15.5 | 9530 | 9 780 | 21.8 |10600 | 8 | 1120 | 17.0 | 7100
36 ‘¢ | 7200 | 9 | 700 | 15.5 | 9530 | 9 780 | 21.8 (10600 | 9 865 | 28.0 |11700
38 ‘¢ | 7600 | 9 700 | 15.5 | 9530 | 9 780 | 21.8 (10600 | 9 865 | 28.0 (11700
40 ‘¢ | 8000 [ 9 | 700 | 15.5 | 9530 | 9 780 | 21.8 |10600 | 9 865 | 28.0 (11700
42 ¢ | 8400 | 9 700 | 15.5 | 9530 | 9 780 | 21.8 (10600 | 9 865 | 28.0 (11700
44 ¢ | 8800 | 9 700 | 15.5 | 9530 | 9 780 | 21.8 {10600 | 9 865 | 28.0 |11700
46 ‘¢ | 9200 | 9 700 | 15.5 | 9530 | 9 780 | 21.8 (10600 | 9 865 | 28.0 (11700
48 ““ | 9600 (10 612 | 21.0 {13100 | 9 780 | 21.8 (10600 { 9 865 | 28.0 (11700
50 ‘¢ [10000 10 | 612 | 21.0 |13100 | 9 780 | 21.8 (10600 | 9 865 | 28.0 {11700
Coal | Cu. Ft. 4-o0z. Pressure. 5-0z. Pressure. 6-0z. Pressure. Fans,
Burned | Air R?- 5 dl i » faaPety 25| Rev T
24 lIgrs. p%lrul\rﬁ(n. {E:ﬁ per?\‘lri-n. R Rt 5£ per(le\liln. LIRS SRt (}?2 per?\li.n. 15EB,  n mf' Cost.
3ton| 600 | 1 | 3660 2 676 | 1 | 4100 3.1 755 | 1 | 4500 4.1 832 | 0| %20
4 ¢ 800 | 2 | 3260 3.2 977 | 2 | 3650 4.5 1095 | 1 | 4500 4.1 832 | 1 26
5 ‘“ | 1000 | 3 | 2710 4.5 1375 | 2 | 3650 4.5 1095 | 2 | 4000 5.9 1200 | 2 33
6 A 12001342710 4.5 | 1375 | 3 | 3030 6.3 | 1540 | 2 | 4000 5.9 | 1200 | 3 44
7 ‘“ | 1400 | 4 | 2280 6.2 | 1900 | 3 | 3030 6.3 | 1540 | 3 | 3320 8.3 | 1690 | 4 55
8 ‘¢ 11600 | 4 | 2280 6.2 | 1900 | 4 | 2560 8.7 | 2130 | 3 | 2800 8.3 | 1690 | 5 70
9 ‘¢ | 1800 | 4 | 2280 6.2 | 1900 | 4 | 2560 8.7 12130 | 4 | 2800 | 11.5 | 2340 | 6 90
10 ““ | 2000 | 5 | 2000 7.9 | 2410 | 4 | 2560 8.7 12130 | 4| 2800 | 11.5 | 2340 | 7 | 150
12 ‘¢ | 2400 | 5 | 2000 7.9(2410 | 5| 2240 | 11.1 { 2700 | 5 | 2450 | 14.5 | 2970 | 8 | 200
14 ‘¢ | 2800 | 6 | 1700 | 13.9 | 4250 [ 6 | 1900 | 19.5 | 4760 | 5 | 2450 | 14.5 | 2970 | 9 | 250
16 ¢ 1 3200 { 6 | 1700 | 13.9 | 4250 | 6 | 1900 | 19.5 | 4760 | 6 | 2080 | 25.6 | 5220 [10 | 325
18 “¢ | 3600 | 6 [ 1700 | 13.9 | 4250 | 6 | 1900 | 19.5 | 4760 | 6 | 2080 | 25.6 | 5220
20 ‘¢ |1 4000 | 6 | 1700 | 13.9 | 4250 | 6 | 1900 | 19.5 | 4760 | 6 | 2080 | 25.6 | 5220
22 ‘¢ | 4400 | 7 | 1480 | 19 7 | 6030 | 6 | 1900 | 19.5 | 4760 | 6 | 2080 | 25.6 | 5220
24 ¢ | 4800 | 7 | 1480 | 19.7 | 6030 | 7 | 1660 | 27.6 | 6750 | 6 | 2080 | 25.6 | 5220
26 ‘¢ | 5200 | 7 | 1480 | 19.7 | 6030 | 7 { 1660 | 27.6 | 6750 | 6 { 2080 | 25.6 | 5220
28 ““ | 5600 | 7 | 1480 | 19.7 { 6030 | 7 | 1660 | 27.6 | 6750 | 7 | 1820 | 36.4 | 7420
30 “ | 6000 [ 7 | 1480 | 19.7 | 6030 | 7 | 1660 | 27.6 | 6750 { 7 | 1820 | 36.4 | 7420
32 ‘“ | 6400 | 8 1 1290 | 26.9 | 8250 | 7 | 1660 | 27.6 | 6750 | 7 | 1820 | 36.4 | 7420
34 ‘4 16800 | 8 | 1290 | 26.9 | 8250 | 8 | 1460 | 37.7 | 9299 | 7 | 1820 | 36.4 | 7420
36 “ {7200 [ 8 | 1290 | 26.9 | 8250 | 8 | 1460 | 37.7 | 9220 | 7 | 1820 | 36.4 | 7420
38 ¢ | 7600 | 8 | 1290 | 26.9 | 8250 | 8 | 1460 | 37.7 | 9220 { 8 | 1600 | 51 10120
40 “‘“ | 8000 | 8 | 1290 | 26.9 | 8250 | 8 | 1460 | 37.7 | 9220 | 8 | 1600 | 51 10120
42 ‘¢ | 8400 | 9 995 | 44.2 |13500 | 8 | 1460 | 37.7 | 9220 | 8 | 1600 | 51 10120
44 ‘¢ | 8800 | 9 995 | 44.2 (13500 | 8 | 1460 | 37.7 | 9220 | 8 | 1600 | 51 10120
46 ¢ | 9200 | 9 995 | 44.2 (13500 | 8 | 1460 | 37.7 | 9220 | 8 | 1600 | 51 10120
48 ‘¢ [ 9600 | 9 995 | 44.2 (13500 | 9 | 1110 | 62 15200 | 8 | 1600 | 51 10120
50 ‘¢ 10000 | 9 995 | 44.2 {13500 | 9 | 1110 | 62 15200 | 8 | 1600 | 51 10120
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