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UNITED STATES PATENT OFFICE. 

WILLIAM. H. HARRIS, OF WASHINGTON, DISTRICT OF COLUMBIA, ASSIGNOR 
TO WILLIAM. A. MILLIKEN, OF SAME PLACE. 

APPARATUS FOR MANU FACTURNG GAS. 

SPECIFICATION forming part of Letters Paten, No. 579,110, dated Varch 16, 1897. 
Application filed May 9, 1895, Serial No. 548,779. (No model.) 

To all tuh-07), it in (t1/ CO7 ce.772. 
Beit known that I, WILLIAM. H. HARRIS, a 

citizen of the United States, residing at Wash 
ington city, District of Columbia, have in 

5 vented new and useful Improvements in Ap 
paratus for Manufacturing Gas, of which the 
following is a specification. 
My invention relates to an improved appa 

ratus for generating gas from bituminous or 
Io other soft coal with or without other hydro 

carbon, steam and air being supplied thereto 
during the combustion of the coal and the 
required operations being conducted in such 
manner as to produce either fuel-gas or illu 

I5 minating-gas by a continuous process carried 
on wholly in one direction and in an appa 
ratus comprising but a single generator and 
connected regenerating-chalmber. - 

It is the principal purpose of my invention 
20 to provide for the superheating of the steam 

in such manner that it will be thoroughly dis 
integrated before admission into the gas-gen 
erator and so that it will enter the generator 
in the form of hydrogen gas. For this pur 

25 pose I pass the steam through Superheating 
pipes or passages embedded in the structure 
constituting the regenerator, and I provide 
in each of said pipes or passages a series of 
baffles, preferably spiral or tortuous, adapted 

3o to impart a whirling movement to the steam 
and at the same time throw it into contact 
with the heated walls of the pipe or passage 
through which it is being conducted. By the 
whirling motion thus given to the steam dur 

35 ing its passage through the Superheaters it is 
violently agitated and subjected to such fric 
tional action that a complete disintegration 
or decomposition is effected before reaching 
the heated gas-generator. In making illumi 

4o nating-gas the hydrocarbon liquid employed 
for enriching purposes is also subjected by 
passage through superheaters of like con 
struction to a similar whirling and disinte 
grating action, whereby the oil or other liquid 

45 hydrocarbon will become gasified before ad 
mission into the regenerator. - 
The invention consists in the features of 

construction and novel combinations of parts 
in a gas-generating apparatus, as hereinafter 

5o described and claimed. 
In the annexed drawings, illustrating the 

invention, Figure 1 is a side elevation of my 
improved gas-making apparatus. Fig. 2 is a 
central vertical longitudinal section of the 
same. Fig. 3 is a plan of the apparatus. 55 
Fig. 4 is a horizontal section through the 
lower part of the gas-generator and regen 
erating-chamber. Fig. 5 is an enlarged lon 
gitudinal section of a portion of one of the 
superheaters for steam or oil. Fig. 6 is a 6o 
transverse section of the same. Fig. 7 is a 
view of a spirally-formed baffle that may be 
employed in the superheaters. Figs. 8 and 9 
are end views of baffles. Fig. 10 is a longi 
tudinal section of a portion of a steam or oil 65 
superheater and gasifier, showing spirally 
formed and straightly-fluted baffles arranged 
alternately therein. Fig. 11 is a verticallon 
gitudinal section of the regenerating-cham 
ber, showing how spirally-grooved bodies of 7o 
refractory material may be placed therein in 
lieu of spherical bodies to afford numerous 
tortuous passages for assisting in the fixing 
of the gas. Fig. 12 is a vertical transverse 
section of the same. Fig. 13 is a side view, 75 
and Fig.14 an end view, of one of the spirally 
grooved refractory bodies with which the re 
generating-chamber is to be filled. 
The reference - numeral 1 designates the 

sheet-metal casing of the usual inner refrac- 8o 
tory or fire-brick walls 2 comprised in a gas 
generating apparatus. As shown in Figs. 2 
and 11, the cupola-furnace or gas-generator 
3 is provided at the bottom with a hearth 4, 
to which access may be had through a sealed 85 
door 5, of any suitable construction. At the 
top of the gas-generator is arranged a coal 
feeding hopper 6, Figs. 1 and 2, governed by 
a bell-valve 7, adapted when closed to make 
a gas-tight seal at the top of the generator. 9o 
This bell 7 may be operated by a weighted 
sector-lever 8 or other contrivance, and a rack 
9 may be provided to secure the lever 8 when 
the bell is raised. The upper portion of the 
gas-generator 3 communicates through a flue 95 
10 with a regenerating-chamber 11, prefer 
ably of serpentine form. This regenerating 
chamber is substantially of the character 
shown and described in Letters Patent grant 
ed to me November 24, 1891, No. 463,965, and Ioo 
July 5, 1892, No. 478,425, and may, as there 
described, be filled with balls of refractory ma 

  



O 

3O 

35 

45 

55 

terial, such as silicate of alumina or other 
Substance capable of absorbing and retaining 
a large quantity of heat without deteriora 
tion. Such balls are capable of resisting a 
long continuous high heat, and by reason of 
their spherical form they present numerous 
curvilinear flues or passages in which the gas 
will meet With such frictional resistance as 
Will greatly assist in the fixing or regenerat 
ing operation. The exit end of the regener 
ating-chamber 11 communicates with the bot 
tom of a vertical compartment 12, at the top 
of which is located a flue or conduit 13 for 
conducting the gas to any required point for 
purifying or for storage. 

In the base of the gas-generator are intro 
duced a number of converging twyers 14, Fig. 
4, that respectively connect with pipes 15, 
through which air for supporting combustion 
may be supplied from any suitable fan or 
blower. The apparatus is arranged for the 
introduction of steam or steam products into 
the gas-generator both below and above the 
bed of fuel. 

It is an important purpose of my invention 
to Superheat the steam in such manner that 
a thorough decomposition thereof will be ac 
complished prior to its introduction into the 
gas-generator and so that a large volume of 
hydrogen gas may thus be put into the gas 
generator both above and below the body of 
incandescent fuel. 
Steam is caused to enter the apparatus 

through a pipe 16, Fig. 4, communicating with 
a pipe 17, Figs. 2 and 4, that is arranged trans 
Versely at the bottom of the compartment 12, 
and which in turn communicates with a mani 
fold Or Series of coiled pipes 18, extended ver 
tically in said compartment. At their upper 
ends the coiled pipes 18 communicate with a 
transversely-arranged pipe 19, Fig. 3. To 
One end of this pipe 19 is connected a tube 20, 
which connects at its other end with one end 
of a Superheater 21, placed transversely in 
the upper rear portion of the fire-brick struc 
ture constituting the regenerator. The op 
posite end of this steam-superheater 21 con 
nects with a pipe 22, (shown by dotted lines 
in Fig. 2,) which is extended downward on 
the outside of the regenerator to another 
Steam-Superheater 23, also extended trans 
versely through the rear portion of the re 
generator and connecting on the opposite side 
thereof with a descending pipe 24, Fig. 1, con 
necting With a steam-Superheater 25, embed 
ded in the lower rear portion of the regener 
ator and extended transversely through the 
Same. To the opposite end of this super 
heater 25 is connected a pipe 26, Fig. 3, ex 
tended diagonally upward and forward on one 
side of the regenerator to connect with a 
steam-Superheater 27, placed transversely in 
the regenerator at a point between two of the 
centrally-located branches of the serpentine 
regenerating-chamber. On the opposite side 
of the regenerator this steam-superheater 27 
connects with an upward and forward in 
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clined pipe 28, Figs. 1 and 3, that connects 
with One end of a steam-superheater 29, placed 
transversely in the upper forward portion of 
the regenerator. On the opposite side of the 
regenerator this Steam-Superheater connects 
through a descending pipe 30 with one end of 
another Steam - Superheater 31, extended 
transversely through the central portion of 
the wall separating the gas-generator and the 
regenerator. From the other end of the last 
Imentioned Steam-Superheater 31 is extended 
a pipe 32, Fig. 1, connecting with a vertically 
arranged pipe 33, the lower end of which is 
provided with a branch 34, arranged to de 
liver Superheated Steam or its products at a 
point centrally in the base of the gas-gener 
ator 3 and below the bed of fuel therein. The 
upper portion of the pipe 33 is provided with 
branches 35, Fig. 1, for supplying Superheated 
steam or its products to the gas-generator at 
points above the incandescent fuel and in 
directions at right angles to the ascending 
currents of the heated products of gas gener 
ation from the coal. To the upper end of the 
pipe 33 a blow-off valve 36 may be connected. 

If it is desired to employ oil or some suitable 
liquid hydrocarbon for enriching purposes in 
the manufacture of a high candle-power illu 
minating-gas, such oil or liquid hydrocarbon 
may preferably be superheated and gasified 
before its admission to the regenerator. The 
oil or liquid hydrocarbon may be taken from 
a pump or reservoir (not shown). through 
pipes 37, Fig. 3, connecting with the upper 
ends of two vertically-arranged superheaters 
3S, Fig. 4, embedded in the rear Wall of the 
regenerator. At their upper ends the super 
heaters 38 may connect with a pipe 39, Fig. 
3, for admission of steam, which it is prefer 
able to introduce or inject, together with the 
oil or other liquid hydrocarbon, to assist in 
gasifying the oil. 
The lower ends of the two vertical oil su 

perheaters or gasifiers 38 connect with the 
lower ends of spirally-coiled pipes 40, ar 
ranged vertically in the exit-compartment 12 
of the regenerator. At their upper ends these 
coiled pipes 40 are connected by a trans 
versely-arranged pipe 41, Fig. 3, one end of 
which connects through a tube 42, Fig. 1, 
With One end of an oil-superheater 43, ex 
tended transversely through the lower por 
tion of the regenerator. At its other end this 
oil-superheater 43 communicates with a ver 
tically-arranged pipe 44, located on one side 
of the regenerator and communicating with 
One end of a transversely-arranged oil-super 
heater 45, the other end of which communi 
cates through a pipe 46, Fig. 1, with another 
transversely-arranged oil - Superheater 47, 
which connects at its other end through a 
pipe 48, Fig. 3, with an injector-nozzle 49, 
communicating with a passage 50, Fig. 2, 
formed in the top of the regenerator and ar 
ranged for the introduction of the gasified oil 
thereto at a point in the rear upper portion of 
the regenerating-chamber. The injector-noz 
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- zle 49 may have a valve 51 for regulating the 
supply of hydrocarbon to enrich the gas in 
the regenerator. 

In each of the several superheaters for 
steam and oil I prefer to provide baffles that 
will present frictional surfaces for the steam 
or oil, or steam and oil, as the case may be, 

Id 

IS 

25 

35 

to retard the progress of the same, impart a 
whirling motion, and cause the steam and oil 
to come into close contact with the walls of 
the Superheating pipe, tube, or passage in 
which the baffles are placed. There may be 
placed in each superheating pipe, tube, or 
passage a series of baffles 52, Fig. 5, that may 
have any preferred form. As shown in Figs. 
5 and 6, the baffles 52 may be made in the 
form of a body having comical ends and 
polygonal in Cross - Section and preferably 
grooved or fluted exteriorly and in longitu 
dinal directions. If desired, spirally-fluted 
baffles 53, Figs. 7 and 9, may be employed in 
the superheating pipes, tubes, or passages. 
By the frictional surfaces and more or less 
tortuous passages that the baffles 52 or 53 
present the steam or the oil, or the steam 
and oil, as the case may be, are agitated and 
quickly disintegrated with the assistance of 
the extended heating-surfaces afforded by the 
several superheaters. Thus the steam will 
become decomposed before its introduction 
into the gas-generator and the oil or other 
liquid hydrocarbon will become gasified be 
fore entering the regenerator. The location 
of a number of these superheaters within the 
Walls of the regenerator, as shown, permits 
the utilization of the heat contained in said 
Walls, and the location of the manifolds or 

45 
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coils 18 and 40 in the exit-compartment 12 of 
the regenerator tends to a further utilization 
of the hot gases to contribute to the super. 
heating of the Steam and oil required in the 
gas process. 
As shown in Fig. 10, the superheaters for 

Steam Ol' oil may each contain a number of 
straight-fluted baffles 52 and spirally-fluted 
baffles 53, arranged end to end and alternat 
ing with each other, the spirally-fluted baffles 
being designed more particularly to impart 
to the passing steam and oil a whirling or 
cyclonic action that is intermittently checked 
again and again by the alternating straight 
fluted baffles, thereby further increasing the 
efficiency of the superheaters in the intended 
purpose of accomplishing a complete disinte 
gration and gasifying of the steam and oil 
prior to their direct application and utiliza 
tion in the process of gas generating and car 
bureting. 
In the operation of making gas a fire is 

kindled on the hearth of the generator 3, and 
bituminous coal or other coal is intermittently 
fed thereto by lowering the bell 7 as occasion 
may require. Airfor supporting combustion 
is continuously admitted to the base of the 
generator in regulated quantities and the 
products of combustion are permitted to pass 
off through and thoroughly heat up the re 

and regenerator. 

generator. The generator and regenerator 
will be raised to a temperature of about 
2,000° or 2,500 Fahrenheit, and this tempera 
ture, or even higher, will be readily main 
tained with great uniformity by reason of 
the non-conducting walls of the gas generator 

When the generator and 
regenerator are sufficiently heated for the 
making of gas, the decomposed steam and 
hydrogen product from the superheaters will 
be admitted to the generator 3, both below 
and above the incandescent-fuel bed. By its 
passage through the superheaters and in con 
tact with the baffles contained therein, all of 
which are subjected to an intensely-high heat, 
the steam will be decomposed and will reach 
the generator largely in the form of hydrogen 
gas, which will mingle and combine with the 
carbon gases from the incandescent fuel in 
the generator. The introduction of the steam 
products into the generator above the fuel 
bed and at an angle to the ascending currents 
of gases generated from the fuel will induce 
a whirling action that will greatly assistin a 
thorough mixture and recombination of the 
Several gases. 
generator the gases from the coal and steam. 
are mingled with the gasified oil products 
introduced through the injector-nozzle 49 
from the series of oil-superheaters hereinbe 
fore described. The serpentine form of the 
regeneratiig-chamber and the bodies of re 
fractory material contained therein will cause 
a rapid and thorough fixing of the gases. 
The gas-generator 3 may be provided with 

a series of sight-holes 54 for inspection of the 
incandescent-fuel bed, and the regenerating 
chamber 11 and compartment 12 may have 
doors 55, Fig. 1, located at convenient points 
to give access to the interior for cleaning 
purposes. 
The bell 7 at the top of the gas-generator 3 

and also the several doors of the gas-making 
apparatus are all constructed and arranged 
in such manner that they will be gas-tight 
when closed and proof against any escape of 
gas under back pressure. It is preferable to 
provide between the outer iron shell 1 and re 
fractory brick work or walls 2 a non-conduct 
ing packing or lining of asbestos and cement, 
so that the iron shell will be kept cool and all 
the heat passed to and through the regener 
ating-chamber 11 without any loss by radia 
tion. The entire heat generated or developed 
within the apparatus may thus be utilized in 
the fixing of the gas and in the superheating, 
gasifying, and disintegration of the steam. 
and oil before they are introduced into the 
gas-generator and regenerating-chamber, re 
spectively. - - 

Instead of filling the regenerating-chamber 
11 with balls of refractory material, as de 
scribed and shown in my before-mentioned 
patents, I have found it advisable to employ 
as a filling for the said serpentine regenerat 
ing-chamber a number of spirally-fluted re 
fractory bodies 56, Figs. 11, 12, 13, and 14, 

In passing through the re 
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which are similarin form to the spirally-fluted 
baffles 53, placed in the superheaters. The 
baffles 52 and 53 for the steam and oil super 
heaters may be made of iron or other metal 
Or refractory material that will not fuse at 
the temperature to which the superheaters 
are subjected. The tortuous passages pro 
Vided by filling the regenerator with these 
Spirally-fluted bodies will greatly assist in ef 
feeting under great pressure a frictional, as 
Well as heating, action in the fixing of the gas. 
In Order that no gas may escape at the va 

rious points of connection between the gas 
and Oil Superheaters and their pipe connec 
tions, gas-tight stuffing-boxes 57, Fig. 3, may 
be provided wherever required, and similar 
gas-tight stuffing-boxes 58, Figs. I and 2, are 
Connected with the coils 18 and 40 and with 
the pipes through which steam and oil are 
Conducted to the apparatus. With the pro 
Visions made for retaining the heat, and pre 
Venting its loss by radiation a larger number 
of heat-units may be developed and utilized 
than by other similar gas processes, and the 
disintegration of the steam before its intro 
duction into the generator, as well as the gasi 
fying Ofsteam and oil beforeintroduction into 
the regenerator, Will largely promote the eco 
nomical production of a superior quality of 
gaS. 
As shown in Figs. 2 and 11, the top of the 

regenerator exit-compartment 12 may be con 
Structed With manhole-arches 59, that can be 
removed to permit. Withdrawal of the coils LS 
and 40 when necessary, an upper layer 60, of 
bricks or cement, being first removed. Above 
this part of the apparatus there may be placed 
a removable corrugated metal plate 61, Fig. 
3, that Will permit access to the manhole 
arches 59 and their immediate covering. 
The gas - making process is continuous, 

rapid, economical, and cleanly. The steam 
being Superheated, thoroughly decomposed, 
and admitted to the generator mostly in the 
form of hydrogen gas, there will be no slack 
ening of the fire, as by contact with wet 
Steam, and the entire apparatus being so con 
structed as to readily maintain a high tem 
perature throughout, there will be no con 
densation of gas and but little deposits of 
gas-tar or carbon. The gas will thus be pro 
duced Without loss of illuminants and at re 
duced cost and Will require little or no purify. ing. 
What I claim as my invention is 
1. In a gas-making apparatus, the combi 

nation. With a gas-generating chamber and a 
regenerating-chamber, of a series of steam 
Superheaters each consisting of a pipe, tube 
Or passage located in the walls of the regen 
erator and each inclosing a series of baffles 
provided with alternating straight and spiral 

passages to cause an intermittently-whirling 
motion of the passing fluid and throw it into 
frictional contact with the walls of the super 
heaters, and pipes or tubes connecting the 
said Superheaters at their alternate ends and 
through which they communicate with the 
gas-generating chamber, substantially as de 
scribed. 

2. In a gas-making apparatus, a Superheater 
for steam or oil, consisting of a pipe, tube, or 
passage, having therein a number of straight 
fluted baffles and a number of spirally-fluted 
baffles placed end to end and alternating with 
each other, whereby the passing fluid is sub 
jected to friction and an intermittently-whirl 
ing action and thrown into contact with the 
Walls of the Superheater, substantially as 
described. 

3. In a gas-making apparatus, the combi 
nation with a serpentine regenerating-cham 
ber, of a filling of spirally-fluted refractory 
bodies adapted to provide in said chamber a 
large number of tortuous heating and fric 
tional passages, Substantially as described. 

4. In a gas-making apparatus, the combi 
nation with a gas-generator, of a regenerator 
having embedded in its Walls a series of steam 
Superheaters and a series of oil-superheaters, 
each of said superheaters being provided in 
its interior with a series of fluted baffles and 
the Steam-Superheaters being in communica 
tion With the gas-generator below and above 
the bed of fuel therein, and the series of oil 
superheaters being in communication with 
the regenerator-chamber through an injector 
nozzle, substantially as described. 

5. In a gas-making apparatus, the combi 
nation of a gas-generator provided at the top 
with a coal-feed and having inlets for steam. 
above the fuel-bed and inlets for steam and 
air below the fuel, a serpentine regenerator 
chamber communicating with the upper por 
tion of the gas-generator, an exit-compart 
ment communicating with the lower rear end 
of the serpentine regenerator - chamber, a 
series of steam-disintegrating superheaters 
and a series of oil-disintegrating superheaters 
embedded in the Walls of the regenerator and 
communicating, respectively, with the gas 
generator and the regenerator-chamber, and 
pipe-coils removably located in the exit-com 
partment of the regenerator and arranged 
for the introduction of steam and oil to the 
respective superheaters, substantially as de 
Scribed. 
In testimony whereof I have hereunto set 

my hand in presence of two subscribing wit 
SSS. 

WILLIAM. H. HARRIS. 
Witnesses: 

JAMES L. NORRIS, 
J. FRED. IKELLEY. 
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