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| Appllcﬂtmn filed May 9, 1863,

1t No., EQO,QBO,‘dated December 25, 1883.

(No model)

L LTI INCE IR o Labkl SN (R S —

Lo all whont 16 may concermn :
Be 1t known that I, HENXRY C. REW, of Chi-

cago, 1n the county of Cock and State of Illi-

nois, haveinvented certain new and useful Im-
provements in Process of and Apparatus for
Manufacturing Fixed Gases for Fuel and Illu-
minating Purposes; and I. do hereby declaré
that the following is a {ull, clear, and exact de-
scription of the invention, which will enable
others skilled in the art to which it appertains

to make and use the same, reference being had
'to the accompanying dr awnms and to the let-
“ters of reference marked th(,reou w]nch form

part of this specification. f
This invention relatesto the manufacture of
fixed gases for fuel and illuminating purposes,
and for running gas-motors, and more particu-
tarly concerns that kind of generators and the
processes carried on therein in which gas is

cenerated rapidly in & continuous manner by
| h1nl113 superheating steam to the temperature

required for its decomposition in contact with
carbonaceous fuel, solid or liquid, by passing
the steam in continuous currents through a
series of conduits, externally heated by the
combustion of gas and air in a sultable cham-
ber, then decmnposuw the highly-superheated
steam by iInjecting 1t 1Into and diffusing it
through a body of carbonaceous fuel, solid or
hqmd contained inan externally- ‘heated cham-

~ber, at the same time distilling the carbureted

hydrogen and other volatile matter from the

- coal, and then combining and fixing the re-

Crd
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sulting mixed gases 1n externally-heated con-

duits in & continuous manner. The mixed
ases produced in the decomposing and dis-

Tlllll’_lﬂ‘ chamber may be enriched by liguid hy-

drocarbon mixed with them in the fixing-cham-

‘ber, or if the gases from the dlstllhnn' and de-

composing-chamber are rich and the ﬁual pro-
duct is desired for fuel or motive power, they

- may be dilated by steam mixed with them at

“their entrance to the fixing-chamber, and the
‘steam decomposed with them in the ﬁunw-

chamber, the whole then being fixed, by thelr

-passage 1;111'01]011 the heated condmbs, mnto &
homogeueous gas. | |

“The 1nvention further emhmces the auto-
. matic and continuous production and distri-
bution of gas without a ho:der under a suit-
able-continuous and uniform pressure extend-
ing from the feed-watertank through theboil-

‘chamber,

~gas-fixing chamber.

er, generator, cooler, purifier, meter, regulat-
ing-governor, and mains to the place of use.
The gas 1s distributed according to my im-
proved system of mains and service-pipes,
which form the subject of another application
for patent, to which reference is hereinafter
more particularly made. .

My invention has partleularly for its object;
the construction and operation of g
tors and their adjuncts operating in connectmn
therewith on an entirely new, novel, and prac-
tical plan, in such a manner that they may be

located in the centers of densely-populated

districts with perfect safety, not only without

not depreciating the value of adjacent prop-

erty, as has been the case heretofore in the
construction of gas-works and their dangerous
holders for the storaﬂe of gas, but, on the con-
trarv, gre atlymcreasnw the value of surround-
ing property, by reason of abundantly fur-
nishing manutactured gaseous fuel of thefinest

~quality at comparatively low prices, and su-

perseding the use of raw fuel with all the ac-
companying discomforts and Inconveniences
arising from storage, dust, ashes, waste, ex-
pense, and labor of handling the same.

Having stated the nature and objects of my
imvention, I will now proceed to deseribe it
more particularly with reference to the ac-
companying drawings, in which—

Figure 1 represents my generator in eleva-
tion. Iig. 2 represents a vertical section of
the same through the steam -superheating
the decomposing and generating
chamber, and the fixing-chamber on the line
xz x of Fig. 3. Tig. 3 represents a horizontal
section through the same chambers on the line
y 4 in Fig. 2, showing the relative area or size
of the steam- mlpc,l*heqtmn chamber and the
Figs. 4 and 5 represent

18"9 cnera-
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vertical seetions of the genemtinn chamber of

modified form adapted for the use of liquid
hydrocarbons. Iig. 6 represents a plan view
of the various par ts of my plant or apparatus
for producing gas by an automatic continuous
process, and 13116 system of mains for distribu-
ting the same by my new and improved meth-
od, also illustrating
gamed thereby in conmparison with: the- old
system, owing to the greatly-reduced length of
piping and exmvatlncr required. .

The outer walls, A, of the generator and ltq

the  great adenbams.
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chambers are built of the best fire- brick, and | the top g oas and air inlets in the form of Bun-
preferably in circular form, and are covered } sen. burners and electric-lighting wires, as pre-

by tightly-riveted plates of boiler-iron, and
the arched cover B rests upon the outer walls
and upon the interior walls, C U, of the de-
composing and generating chamber D. The
annular chamber, between the outer wall, A,
and the inner wall, C, of the fuel-chamber is
divided by radial partition-walls X, into two
chambers of unequal size, the smaller one, I,
being the steam-superheating chamber, and
the larger one, J, being the gas-fixing cham-
ber, as shown 1n Kig. 3.
heating chamber L& 1s provided with two or
more fire-clay conduits, I, in zigzag form, ex-
tending from the top to the bottom thereof.
connected at the top with steam-
pipes H, having valves h, extending from. the
boiler 8. (Shown in Iig. 6.) Atthebottom the
conduits connect by branch pipes I 2, passing

through walls C €', with and into the fuel-

chamber D.. The conduits are surrounded

-with loosely-laid refractory material, prefer-
_ably in-the form of spheres, filling ch "un ber L,

for the purpose ot absorbing. and holding a.
~Said refr actory

- material and conduits are he‘lted by the com-

bustion of gas and air delivered into the cham-

- bers by Buuseu burners, as shown by letter K,

40
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the -same being ignited in the chamber by
electrical currents conducted by wires k.. The
gas-supply pipe G, having branches g and con-

“trolling - valves, couneots with the Dburner-

tubes K pr OJect1110 into them a short distance
to form Bunsen burners, and the flaring outer
ends ofthetubes Kareto be provided w1t11 reg-
isters for admitting the desired supply of air.
Tlectrical wires k, properly insulated, pass
through the wall and have their extreniltleq
pro_peﬂy arranged in proximity to the inner
openings of the Bunsen burners for igniting

‘the stream of gas and air when admitted.

The gas-fixing chamber J 1s made of larger
capacity than chamber I, and is provided
with a greater number of conduits, J’, for the
passage of gas to be combined and fixed. Said

conduits connect at the top with the decom-

posing and generating chamber D, and at the
bottom with the eduction-flue J” leading to
the cooler L. The conduits J’ are surrounded
with the refractory fire-clay spleres filling the

remaining space in chamber J, and the Bun-
sen- .b.ul.uor tubes K, having ,ﬂ.fern* outer ends
~and. air-registers, e};:tend _through the walls.

Sh)

The. branch gas-pipes ¢’ of the supply-pipe G’

- connect with the tubes, as before explained.

65,

for igniting the current of gas and air.
~steam-pipe, H’, having valve &/, and an oil-sup-
60

Ilectrical-lighting wires %" are also provided
A

ply pipe, {, having valve I/, pass through the

“arch B and open into the conduit J’ for dilut-

ing or enriching the gas from chamber D, as

| deblred

The walls C C’ of the chamber ID are made
double. having between them an annular com-
bustion- Ohamber d, which has entering it at

The steam-super-

#

I

grate f

in.. I‘w D.
the. bottom of the chamber up: to the nozzles ¢

of the oil-inlet pipes, and the superheated-
steam-inlet pipes I and tuyeres ¢ enter around
‘the circumierence and throuﬂh the ineclined
bottom of the chamber.
inlet nozzles a perforated arch, d’, is construct-
ed, above which another body of
‘spheres is placed.
~connected by branch pipes »’ extending down
‘through the walls of chamber D, and opening
1nto the Interior of sueh chamber at the noz-
zlest, and one oil-pipe, «’ ,may connect directly
with the top. of chamber D. Steam-pipes &

viously deseribed. A ﬂue B, for conducting
away products of combustlon connects w1th
the lower ends of chambers d, I, and J. The
top of the generator D is provided with a coal-
magazine, M, and cup and cone feeding de-
vices m m/, and at the base of chamber D 1s
constructed a double ash - pit, D, having 4
conical division-diaphragm, b, and tight-fit-
ting valve ¢, operated by a cam-lever, ¢, and
hmun?* in its upper chamber the Shakmn'-
. Anouter tight-fitting door, as shown
by dotted lines; is provided in the wall of the
lower chamber for removal of the ashes.

The steam-boiler 5, Fig. 6, is supplied with
water from an -elevated tank so constructed

~and arranged as to supply water to the boiler
~ab any required pressure, as fully described
-1n another application.
-of peculiar construction,
seribed in another of my applications for a
~patent.
through a cooler, L, in which & ciroulatlon of go

The boiler S 1s-to be
a1s -shown and. de-

generator

-The gas passes from the

water is -maintained, and the gas 1s thereby

-cooled, while the heat is absorbed and carried
~oft by the water and utilized for heating build-

Ings, as shown and claimed 1n 'LIlOtheI' appli-
cation for patent. The cooled gas passesfrom

cooler L by pipe L/into and through the lime-

purifier O, thence through the meter P into
the.small novel ning- holder R, from which 1t

-is passed into and throuﬂh my peculiarly-ar-
-ranged distributing sy stemn of mains and ser-

vice. -pipes shown in the plan T, for which a
SE’:p‘lI’“Lte application has been m"Lde. A by-

pass pipe, O, connects pipe L' with pipe p
for conduotmg gas from cooler L to the mains
~without passage through purifier O, when
purification by lime is not required.

When 1t 1s desired to use liquid hydrocar-
bon—-such as crude petroleum or naphtha—

1nstead of solid fuel for generating gas and de-
.composing steam, the dooomposuw and gener-
~ating chamber D--.is constructed as .shown in

Fig. 4, or according to the modification shown

Fire- ohy spheres are filled: .into

J ust above the oil-

fire-clay
The oil-supply pipe .U is

", extending from the main supply- plpe H”,
prOJeot into the nozzles of the oil-pipes.«/ _for
blowing the oil into the generating-chamber
among the spheres in posﬂuou to. be taken up
‘and converted into. gas by the highly-super-
Thespheres

_heatedsteam entering * from below.
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serve to break up the oil and intimately mix

it with the steam, and by their heat assist in
decomposing the steam .and oil. The gases
and vapors produced in chamber D are com-
pletely combined and fixed in the fixing-con-
duits. Should any tarry matter collect in the
bottom of chamber D it is drawn off through
pipe and valve
In Fig. b
steam-jet pipes i

i

projecting into them, dis-

~charge directly into the top of chamber D,

L5

and the oil is sprayed down upon the spheres.

The superheated steam, entering from below

through passages I and tuyeres 7, passes up
and mingles with the oil-spray, converting 1t

. into gas and carrying it into the fixing cham-

20

ber where a fixed gas 1s produced.

A meter, U’, is connected with the oil-pipe
U for measuring the oil supplied to the gen-
erator.

Having described the construction and ar-

rangement of my apparatus, I will now de-
scribe its operation, as follows: A fire is kin-

~dled on the grate of chamber D and maintained

25

30

35

by natural draft till alarge body of fuel,which
is gradually fed in, is raised to an incandes-
cent state, and at the same time the super-
heating-chamber II and fixing-chamber J are
heated to the required tempemtme by the
combustion of gas and air admitted by the
Bunsen burners. The steam -superheating
chamber should be heated to much the high-
est temperature, in order to superheat the
steam up to or above the temperature at which

it is readily decomposed in contact with car-

bonaceous fuel. The fuel having been heated
to incandescence and the superheating and
fixing chantbers properly heated, the decom-

- posing-chamber is closed above and below,

40 ¢

50
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~ luted by
where, on the contrary, it they are not suffi-

Ppipel.

and the steam is admitted to the conduits 13
by opening valve & of pipe H, and 1n passing
downthrough the conduitsis 111':1"h153r superheat-
ed, and is conducted into the fuel through pas-
qages I and the tuyeresi. By passage through

“the fuel the steam is rapidly decomposed into

hydrogen and carbonic oxide, and at the same
time the charges of fresh coal which are pe-
riodically dmpped into chamber D, are dis-
tilled, the rich gases evolved therefrom being
carried off by the continuous currents of gas
resulting from the steam decomposed below.
As the coal 1s distilled it 18 changed to coke

and fitted for decomposing steam, and as the

fuel is consumed and reduced to ash it is re-
newed by fresh charges from above, and the
ashes are periodically shaken down and re-
moved throughthe double ash-pit. The mixed

gases arising from the fuel are conducted into
the conduit J’ of the fixing-chamber, where,

if they are too rich for fuel-gas, they are di-
steam admitted by pipe H', and

c1ently rich for illuminating-gas, they are en-
riched byliguid hydrocarbonadmitted through
The gases in passing through the con-

1’ into a suitable receptacle.
the oil-delivery pipes «/, and the

mogeneous fixed gas. The operation of pro-
ducing gas havmg been started, it is continu-
ously maintained by keeping up the combus-
tion of gas in the steam-superheating and the

ﬁxing-chambers and constantly supplying the

highly-heated steam to the fuel. The proper
temperature of the fuel is also maintained by
the combustion of gas in the annular chamber
d. 'The gas on leaving the fixing-chamber is
cooled in tank L, and if for illuminating pur-
poses is purified in the lime-vessel O, and
thence delivered through the meter and gov-
erning-holder to the distributing-mains.

The supply of steam from the boiler S fothe
superheating-chamber 1s automatically con-
trolled by means of the governing-holder and
the lever r connecting therewith, and with the
valve in supply-pipe L, the lever being prop-
erly pivoted at a point between the holder and
valve.

The advantages gained by my system for
the manufacture and distribution of gas for
fuel and 1lluminating purposes, by a continu-
ous process, are obvious and important, and
may be stated as follows:

First. Theprocessforthe manufacture ofgas
being to a large extent automatic and contin-
uous, and gaseous fuel alone being used to
create the necessary heats, there 1s a marked.
saving in the labor required to be employed
to attend the operation of the generators, boil-

ers, and other parts of the apparatus.

- Second. The compactness of the works 1s
such that they may be built entirely under
cover on a comparatively small plot of ground
in the heart of a city, and add to the value of
surrounding property, instead of detracting
therefrom, as is now the case with works re-
quiring holders and tanks for the storage of
oas.

Third. By having acontinuous forward ﬂow
of gas,and no backward pressure from aholder,
I am enabled to dispense entirely with the
usual water-seals now employed in all gas-

works,whmh require boilers, engines, pumps,

tanks, and the necessary care, labm and ex-
pense to construct, operate, and maintain the
same in order to furnish a constant supply of
cool water to the water-seal.

Fourth. In dispensing with holders I over-
come one of the most serious difficulties and
items of expense connected with gas-works,
with all the attending disadvantages'of being
compelled to locate works in outlying districts
far removed from where the gas is required to
be used. I also avoid the cost of laying large
mains through outside territory, where but

80
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little gas is used or required, in order toreach

and supply the desired gas-consuming terri-
tory.

Fifth. Amostimportantadvantageisgained

in ‘locating gas-generators in the centers of
blocks and distributing the gas therefrom to
the rear of the buildings and structures sur-

125

130

rounding the works, owing to the compara- -

duits J’ are combined and converted into a ho- | tively Sm‘lll amount of 1)11)1]110‘ required to be
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Tfuel and illuminating purposes at very mod-
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laid, and but little or no 1% ing required to
be taken up and relaid.

Sixth. The cost of the whole plant, and th'e'
ground occupied by the same, 18 reduced to
the minimum, and a very hwe amount of
money is saved in construction and PIPING as

~compared with thecost of works built on pre-

vious plans, by which I am enabled to econo-

mize, to a marked degree, in the manufacture

of gas, and thus supply any demand both for

erate prices to the consumer. .

Seventh. —As by the use of my process and
apparatus the fuel employed is entirely con-
verted 1nto 1ts constituent gases with the ex-
ception of the ash, the best results attainable
with any gas-pr Oducmn material can be fully
realized fmd the ]&rnesb possible amount of
gas obtained from it. When it is considered
that in the combustion of raw fuel as ordina-
rily burned 1in stoves, ranges, grates, furnaces,
and under boilers, not more than fifteen to
twenty per cent. of the latent heat and force
of the fuel is actually utilized and saved, (the
rest escaping in the form of smoke, uncon-
sumed vapors, and gases, ) the importance of
my system, which saves the full value of the
fuel by converting it, without waste, into its
constituent gases, and delivers the gasto con-
sumers free from the annoyances, labor, and
expense attending the use of raw fuel, and at
a reduced cost, will readily be seen and ap-
preciated by those skilled in the art of the
manufactare and distribution of gas.

Highth. The boiler and also the steam-su-
perheating and gas-fixing chambers Dbeing
heated by & continuous supply of gaseous fuel

ot the finest quality, and the heat and pro-
“duets of combustion being carried downward

against the natural tendency to rise, the heats
required are supplied with the greatest econ-
ony, convenience, and uniformity, and the
best results attainable are fully reached. The
steam-heating and gas-fixing chambers in the
generating apparatus are also kept free from
dust and ashes, by which a great improvement
1s made upon chambers and regenerators of
the same character in other cupola processes,
which are heated by burning the products of
combustion of raw {uel driven intothem from
fires urged by blasts of air, thus bringing in

dust and ashes, and gradually clogging up the

passages in the loosely-laid refractory mate-
rial placed therein.

Having described my invention, what I
clalim, and desire to secure by Letters Patent,
18—

1. The process ol generating gas,which con-
sists, first, in passing steam 1n a .continuous
current through a highly and continuously
heated conduit, and thereby superheating it

to orabove itsdecomposing temperature, then

decomposing such steam by passing it in a
continuous current, 1nto contact with carbo-
naceous material, solid or liquid, and thereby
distilling the rich gases from such material,

4 o 290,230

as distinguished from an intermittent opera-
t1ion, then condueting the gases from the steam
and Lhe mrbon&eeous material into a separate
heated chamber or conduit, and therein ecar-
bureting them with volatile hydrocarbon, and
finally combining the gases and vapors and
converting them into a fixed gas by passing
them through the heated conduit, as described.

2. In the manufacture of gas, the method of 75

maintaining the heat of the fuel of the steam-

superheating conduits and the gas-fixing con-

duits, which consists in burning jets of gaseous
fuel around the fuel-chamber and in the cham-
bers surrounding the conduits, then in highly

-superheating steam by passage through one

set of conduits and condueting it into the fuel.

S. 'The decomposing and generating cham-
ber D, in combination with the steam-super-
heating conduit I, connected therewith at the
bottom and by side passages or tuyeres, and
the combustion:chamber surrounding the con-
duit and having gas and air inlet pipes, as
shown, and an outlet-flue for products of com-
bustion. -f

4. T'hre decomposing and generating chani-
ber D, in combination with the surrounding
heating - chamber, having gas and air inlet
pipes, the steam-superheating conduits and
their surrounding combustion- Qh“bl]]bel‘ the

gas-fixing cond ults and their surrounnding Com-

bustion - clnmbel the gas and air and inlet
pipes connecting with the combustion-cham-
bers, and an eduaction-flue for products of com-
bustion.

5. The decomposing and generatine cham-
ber D having double walls and an inter posed
conbustlon thlmber, d, 1n combination with
the outer surrounding wall, A, inclosing an
annular chamber between it and the double
wall of chamber D, the radial partition-walls
X dividing the annular chamber into a smaller
chamber, E, and a larger chamber, J, as and
for the purpo‘se described. ,

6. The process of generating gas and deliv-
ering it underthe pressure desire ed,which con-
sists in supplying water to the Steam boiler
from an clevated tank under a pressure regu-
lated to the degree desired, and thereby deliv-
ering steam At g regulated pressure {from the
boiler to the oas-gen erator and therein produc-
ing gas under the pressure of steam exerted
from the boiler and discharging it therefrom
to the mains.

7. T'he process of generating gas, which con-
sists in spraying liquid hydrocarbon into a
body of heated refractory material, and at the
same time forcing superheated steam into the
refractory material below the hydrocarbon
spray,thereby converting it into gas,then sub-

jecting the hydrocarbon gas and steam to a

suificiently high heat to convert them into a
fixed gas by passmﬂ them through a fixing-
chamber.

8. The generating and deeomposnw cham-
ber D, hfwmﬂ therein a body of refractory

8O
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and tuyeres, and the oil and steam inlet pipes [ In testimony that I claim the foregoing as my
passing down through the walls and opening | own I affix my signature in presence of two
by nozzles ¢ into chamber D, and outlet-flues | witnesses. '
‘atthetop connecting with the fixing-chamber,

5 as and for the purpose described. |

9. The combination, in a gas-generating ap-

HENRY C. REW.

“paratus, and with its steam, gas, and air sup- . Witnesses:
ply conduits, and with its combustion-cham- - B. F. MORSELL,
ber, of the electrical-igniting wires suitably | = O. E. DUTFFY.

1o insulated, for the purpose specified. |
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