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Tr) CLZZ whon mﬁ MY COCerm:
Be it known that I, JAMES L. IIASTI’\TGS

resident of Phﬂadelphm in the county of-

Philadelphiaand State of Pennsylvania,have

invented a new and useful Improvement in

the Manufacture of Gas; and I do hereby de-

clare the following to be a ful] clear, and eX-

act desmlptlon thereof
My invention relates to the manufactm e of
cas, its object being to promde for the mak-

same apparatus the amount of gas produced
can be regulated according to the supply or

demand by what I have te1 med a ¢ cumula-
tive” system, while the gases made in one
part of the apparatus may be utilized to carry

off the hydrocarbons in the bituminous coal

contained in the other generators by the pas-

sage of the gases tluoun'h the same, SO pro-

-Vldllilf" for both the. carbu:l eting of such gases.

~and the freeing of the llydloealbons from the

30

coal not only by the heating of the coal by

ordinary means, but by the actual contact
 therewith of gases which are carbureted by

25

contact with such coal in their course f10m
the point of generation. =

The fulther object of the. 1nvent10n is to
form a compact gas -apparatus which shall
provlde a large. number of generator-cham-
bers in proportion to the size of the apparatus,

 while sufficient checker-work for fixing the

35

40

50

first cost of the appamtus a large deuly out-
put can be obtained. . --
The general construction of the appmatuq
desued to be covered consists in a series of
ocenerators arranged in zigzag cmnse within
the casing, there bemn* a series of lower gen-

erators and a series of uppergenerators above'

the same, but each on a vertlcal plane be-
tween the lower generators or chambers, and

“beyond these generators there bemwsmtable

checker-work ehambms providing the neces-

sary heating-surface for the fixing of gases in
| conneetwn With the hydr OOELIbOIlS fed there-

The apparatus 1s pr eferably arranged.
| Wlthm a cylindrical casing, the several gen-
erators located in zigzag course, as above re-
ferred 130, being ar mnﬂ*ed to commumeate in
succeession 1n such way that the gases may be
~carried to Lhe ﬁ*s:mﬂ’ chambels, Whlch are |

| on the hne 3 3, Fig. 1

Iin all the d1 awin o8,

-upper G‘ener&tom C and D.
oases is provided, so thatin proportion to the

ipm tly loeated in the same cncle as the ﬂ‘en-—' | '
erators and partlyformed by a centla,l cham- -
ber within the circle formed of the generators =

and said outer fixing-chamber. 55

‘The special pomts desired to be covered

Wlll be her emaftei ‘more fully set fmth and
claimed. =
- To enable others skﬂled in the alt to em-

ploy my invention, I will describe the same
‘more fully, 1eferrmﬂ' to the a,ccompanymﬂ'
____dP&WIIlﬂ'b,_ 111Wh1b]1—-- ___________________________________________________________________________________________________________________ o

Figure 1 is a horizontal secbion on the line
1 1 Flﬂ‘ 2.

Fig. 92 is a vertical section on the
lme 9 2 Fig. 1 "Fig. 3 1s a vertwal section

tiononthe line 44 F1

..............................................................................................................................................................................................

I will first: desm ibe the plefened auanﬂ'e—

-ment of generators and treating-chambers, so_'
as to give an idea of the gener ..Ll system, this

Fig. 4 is a cross-sec-
2. Fm 5isan opened-
out section showmn‘ the d1ﬂ?elent chambers
arranged around the apparatus, and Fig. 6 is
33, detall wew showmw the constl uctlon of the

T

6

75

being be&t shown in the opened -oub sectmn. |

- Kig. 5. The system is called a ¢ cumulative ”

Sy stem on account of the number of generator S

‘employed, there being in the plant 111115131 ated

three lower frenemtms A, B, and E and two.

ABC D are the main ﬂ*enemtms fm forming

‘gas, and, as shown in the drawings, they are
Tocated two on the lower tier and two on the 8 5
‘upper tier, the upper ones being. st&ggeled -

with I'EchtIOIl to the lower ones—that i is, being

placed on vertical planes between the planes
of the lower ones.

tor D are the ports d’' on about the same hori-

zontal plane as the *)01ts d which open mto

The generators

“The first of the lower gen-
erators A has the uptake-passage @, 1eadmw.
to the upper end of the ﬂ'enelatm C and com- .
‘municating therewith at a', and the second
-generator B has the up’mke passage b, with
| which the upper end of the generator C com-
‘municates at ¢, these gener a.t01°5 opening by
| the ports d, of Whleh several are preferably
“employed, into the cenerator D at a point be-
low the top the1eof the lower port d being -
about mldway of the height:of the ﬂ'enelator |
D, while on the opposite side of the genera-

Qo
95

IDO |




- the carbureting-chamber F, the ports @ and | work through the doors a° for removal of
~d providing a horizontal course for the gases | clinker or ash from the upper surface of the
- from the generators A, BB, and C horizontally | grate. As thus constructed access is given 70
~across the upper part of the generator D. To | for the cleaning of the grate above or below: o
- 5 follow the general course of the gases, I would the same at all points except between thetwo =
state that they pass into the upper section 7| piers a’; but as the steam and air pipe b%en-~
- of the carbureting-chamber F and ‘thence | ters through this space the current of airwill
‘Into the lower section f” of said carbureting- | keep this free from ash, so that the ash can 75
- chamber, which has a series of ports ¢ simi- | be removed from all points under the grate.
- 10 lar to the ports d, which open into the coal- | This same grate is employed in the different
~chamber or generator E, while the said coal- cupola-generators. Asthe lower cupola-gen-
chamber has on the opposite side thereof the | erators have the converging side walls 03, it =~
- ports ¢, located on practically the same plane | will be evident that space will be left between 8o =
as the ports e, and so providing a practically | sald walls, and these spaces form air-heating
15 horizontal course for the gases from the car- | chambers. B’, through which the air passes
bureting-chambers through the generator or | and which serve to heat the air for the upper |
coal-chamber E. Thecourse provided forthe cupola-generators by contact with the highly-
- gases irom the ports ¢’ is into the chamber G | heated walls of the lower cupola-generators 85
o and by different passages g ¢’ up into the | or of the wall b* between the second air-heat-
- 20 checker-work fixing-chamber H, from which | ing chamber B’ and the lower seetion F' of the
- they pass through the port 4 into the central | carbureting - chamber. The steam and air
- checker-work fixing-chamber K, passing | pipes b° communicate with the base of this
downwardly through the same to the outlet- | chamber B, the chambers themselves being go
| passage &, I'ig. 1, which leads under thecham- | preferably filled with checker-work, so as to -
25 ber ' into the supplemental coal-chamber L, H' distribute the air and throw it into contact
Fig. 1, and thence into the steam-generator | with the side walls of the lower generators, |
and air-heater M, Fig. 1, from which the gases | the air rising until it reaches the top of such
- lead through the outlet-port m to the scrub- | chamber B’ It then enters a by-pass 0% 95
- bers on the way to the storage-tank. =~ | which carries 1t past the solid floor ¢, form-
30 Having given thus a general outline of the ing the bottom of the ash-pit c*of the cupola- .
~ differentparts and of the course of the gases, I generator C or D, as the case may be. By
- wouldstatethatsofarasthe apparatus is con- | means of this solid ash-pit floor ¢' and the by-
cerned itis considered most desirable to build passage 0° I am enabled to provide a solid roc
- the plant within one main plate-metal ¢ylin- | floor to collect the ash from the upper cupola- -
35 der, in which the several cupola-generators, | generator, while at the same time heating the -

- the carbureting-chamber F, and the first fix- air in the chamber B’ and conducting the air -~ |
ing-chamber H are arranged in a circle, the | so heated byinduction through the wallsof the:
central part of the apparatus being oceupied | lower cupola-generators into the upper gen- rog

| by the final fixing-chamber K. The other | erator. At the back of the floor ¢’ is theup- =
40 parts may be included in supplemental cas- ‘wardly-projecting wall ¢?, which prevents ash
~1ngs if necessary. - - | from entering into the by-pass b5, The upper
- In order that the details of the apparatus | generators have the doors ¢t communicating =
“may be clearly understood, I will now proceed | with the ash-pit ¢® on the level of the grate, 110 .
~to describe the parts thereof. As it is de- | so as to provide for the clinkering and re-
45 sired to use highly-heated air, as hereinafter | moval of the ashes from the generators. The
desecribed, for maintaining the combustion in | elinker and ash arve drawnthroughthese doors =
blowing up the apparatus or in fuel-gas mak- | into the ash-chute c¢% which extends from =
‘ing, it is impracticable to employ in the cu- about the level of the lower door c!to the trg
o ‘pola-generators the ordinary cast-iron grate- ground. Coal is fed to the several cupola-
- 8o bars, and in the several cupola-generators I -generators through hoppers on the top floor
- Dprefer to employ the construction illustrated | of the casing, the hoppers d* communicating
forsupporting the tile forming the base of the directly with the upper cupola-generators ¢ =
~chamber. This construction consists, gener- | and D, while the hoppers d® communicate 120
~ally stated, of side abutments o? and central | with the uptakesfrom thelowertierof cupola- =~
55 piers a’on each side of the air-entrance a*and | generators—that is, the uptakes a O above
the central pier a’ opposite but between the | referred to and the uptake ¢?, leading up
piers af, space being left between these piers | from the coal-chamber E. For the puarpose
and side abutments to give" clear access for | of heating up the apparatus I also provide 125
- theremoval of the ash through the doors a°. | the stand-pipe d*, arranged above the cupola-
- 6o Supported on these several piers and abut- generator C, which gives outlet in the pri-
- mentsare the subtiles o7, which form the sup- | mary blowing up of the apparatus to the sev-
- port for the tile grate a8, the tile grate being | eral cupola-generators in that part of the ap-
- formed of a series of tiles resting on the sub- | paratus before the gases are sufficiently hot 132
~ tliles and supported at numerous points, giv- | to burn within the checker-work chambers.
65 Ingspace for the dropping of the ash through | As above shown, the carbureting-chamber
~ the same, while a practically smooth tile sur- | F is formed in two parts, the primary part ¥
face is provided, over which the operator can | beingatthe sideof the cupola-generatorDand
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the secondary part #' being at the side of the.

e

20

25

""" " ber E by the side port ¢°; but the main body |
"~ of air rises through the ports g and ¢’ and

30

35

40

50
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cupola-generator E, the two sections commu-
nicating through the passage f*, with which
the air-inlet f° communicates. The oil-inlet

pipe f* enters above the primary section f

and feeds the oil to the gases passing from
the cupola-generator D. The carbureting-

chamber may be filled either with tile or
checker-work, as desired, it being preferred.
that tile shall be used in the parts so illus-_

trated to receive the gas as it is broken up

into streams in passing through the upper
—-generator-D and- to-divide the same. after.
-carbureting into streams to 3
the lower generator or coal-chamber K. The
“main portion of the fixing-chamber H is in

pass through

the upper tier of the apparatus, though be-
low the same is the chamber G, which forms

practically part thereof, the gases passing
from the chamber E into this chamber G and |
meeting therein a current. of air entering

through the pipe ¢® and passing upwardly
through the air-heating chamber ¢°, which is

close to the outer wall g* of the cupola-gen-

erator A, and provides for the heating of the
air by induction. £ !
passes into the gases entering from the cham-

intermingles with the gases in the base of the

fixing-chamber H, burning in the mass of
checker-work therein and distributing the

heat more evenly through the mass instead
of heating a special combustion-chamber to

such a high heat as will break up the hydro-

i’

carbons instead of fixing them. The gases
thence rise to the port h, which leads into
the central checker-work fixing-chamber K
through the eylindrical wall 7/, surrounding
the same. Toassistin the blowing up of the

‘apparatus, I provide a stand-pipe H* above

the checker-work chamber H, so that the
gases can be permitted to escape through the

same in order to evenly distribute the heat
in the apparatus and before sufficient heat is
~ obtained to carry through the checker-work

chamber K. As this central portion of the

eylindrical casing is occupied as a treating-

chamber and nobracing means can well be em-
ployed therein, I brace the casing by the root

thereof, as shown more clearlyindetail, Fig.6.
The roof is formed in sections s of plate metal,

the inner ends of which are lapped over and

‘Dbolted tothe heavy rigid center plates’, pref-

erably made of cast-iron, because it must be
rigid, this center plate resisting the collapsing
“strain to which the casing is necessarily sub-{-
jected at times under the changes of tempera-

ture incident to heating and cooling. T'o
brace the sectional plates and carry the strain
to the center plate, angle-bars s* are swetted
to the plates at their meeting edges and are

bolted to each other, so forming radial braces |
extending from the center plate to the outer

walls of the casing. The port & leads, as

shown in Fig. 1, under the lower section "

- of the carbureting-chamber and through the

A small portion of air

-

__The steam-genera

port m to the serubbers on their way to the

apparatus when a su

I side wall of the main casing into the coal-.

chamber I, which is built within a separate

casing, the purpose of which is to provide for

the heating up of the steam-generator and
air-heater when necessary. = This coal-cham-

70.'

ber is provided with the necessary grate and

air and steam entrances, above referred to,

and has the coal-hopper !’ to feed the coal ;
through the chute [* into the chamber as

needed without permitting escape of gases.

..........................................................................
......................................................

‘From this chamber the port ! leads to the

steam-generator M and air-heater N.

tor is built within a long

vertical casing,being more particularly shown
in Figs. 1 and 2, and providing for generat-

ing the steam and heating the air when the

oeneraling apparatus is in operation mainly,

if not entirely, by the heat of the waste prod-

ucts or outgoing gas, though, as above stated,

..........................................................................................

.......................................................

the coal-chamber L is provided for the heat-
ing up of the steam-generator in starting the

for generating and superheating the steam is
not obtained from the oufgoing products or

icient amount of heat

oases.. The generator M has the upperannular

drum m’ and the lower annular drum m?, these

drums being connected by a series of water-

tubes m?; the water b eing-maintained-in-the.

upper drum m', with which the indicator m!
communicates. The air-heater is formed of
alarge pipe N, which passes centrally through

the blower n by a steam or gas engine, as de-

sired, upwardly through the pipe %' to the

top of the combined steam-generator and air-
heater and thence downwardly through the

pipe as it passes centrally throngh the cham-
ber, the pipe N then communicating by an

underground connection with the hot-air-dis-

tributing pipe R, Figs. 1 and 2. In order to
‘deflect the heated products and gases into
contact with the tubes of the boiler in their

upward passage throughthe steam-generator,

I provide the annular baffle-plates n* at in-
tervals around the air-pipe N, so that the

‘the ohamber, air being forced by means of

10G

105

I10

flame, heated products, or gases are com pelled

steam-generator instead of hugging around

the pipe N, as would be their natu ral course.
These products escape through the stand-pipe

M’, while the gases pass through the outlet-

- As shown in the drawings, the heated air
is distributed by means of an annular sec-

‘tional pipe placed below the working floor

and-extending entirely around the main cas-

ing. As this pipe is subject to diiferent

pipe or maln.

connected by disk expansion-joints, so that

prevented, while such expansion-joints pro-

topass atintervals outamong the tubes of the .

115

I20

125

‘changes of temperature, it ismade in sections

‘each section can be anchored within the brick-
‘work of the foundation and yet leakage be

130 .

vide for the expansion and contraction of the

in [Fig. 1, this hotzgir pipe or main R is formed

T

of the sections 7, ¢

As shown more particularly

nnected at suitableinter-
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vals by the disk expansion-joints 7, the main

~ being preferably formed of curved cast-metal
- pipe having flanges 7* at the ends, to which
the disks 72 are bolted, two such disks being

5 bolted together at their outer edges and form-

Ing the disk expansion-joints 7. By such

construction the uptake-pipes+4, leading from
the hot-air main to the different points at

~ which air is to enter the apparatus, require

10

no special attention, as they are relieved from
- any gl'e&t':'StI'&iIl _arisi-_n‘g fI‘OIIl _Gont‘ljacti()n or
~expansion. Suitable pipesofcourselead from

* the steam-generator to the different chambers

15

e In the making of water-gas with the a;bbve_ '
‘apparatus the preferred process is practicall y
- as follows: When the apparatus is ‘entirely

20 cold, fire is started in the coal-chamber I to

in the apparatus into which steam is to be

injected; but it is not consi

I L . dered necessary
to illustrate this in detail. AR

~ generate steam to operate the blower n,

125

o though where it is operated DY a gas-engine |
- the blast may be turned on before steam is

generated in the boiler. TFire is kindled in

‘thedifferent coal-chambers or cupola-genera-
~tors, and when commencing to heat up

: ~are opened, and the products from the differ-

~ ent coal-chambers escape through one or the
other in the natural course for the same. As
- soon as the main cupola-generators are suf-

30

~ ficiently heated the stand-pipe d* is closed,

. the gases passing over into the carbureting-

~ chamber I" and are met by an air-blast there-

5

- and rising thence through the checker-work
- chamber H and escaping through the stand-
pipe /7* = As soon as these parts are suffi-
- ¢lently heated this stand-pipe is also closed
and the heated
through the central checker-work chamber
K and over through the chamber L to the |
steam-generator and air-heater,risingthrough
| 1 escaping through the stand-

40

45

50

- of steam the fixing-chambersare cleared from |

55

T

d1

in, burning and passing through the coal- |
chamber ¢ and with the gases therefrom be-

ing burned in the combustion - chamber G

products pass downwardly

the same and

- Assoon as the apparatus is brought to the
- proper heat for gas-making where all of the
ferent coal-chambers are to be utilized for
 gas-making-—that is, the full product of the

worthless gases, such as carbonic acid and
nitrogen, which are blown out of the appara-

tus through the stand-pipes and the air-

heater. Steam is then turned first into the
lower cupola-generator A the greatest dis-

 tance from the carbureting-chamber, and the

water-gas formed therein passes up through

the passage a to the upper end of the cupola-
generator C. The heat of this gas in passing
above the coal in the upper part of this cham-
ber meets with and carries off the lighter hy-
‘drocarbons, coal being fed to this generator
Just before starting to make gas. The I ghter
~ hydrocarbons are freed by the heat of the

the
apparatus all the Stand-pipes d‘-", 7?;2, and M

well as from the chamber B, are carried across
the cupola-generator D about midway of the

| mass of coal therein and by the gases passin ¢

‘through the chamber. Steam is then admit-
‘ted to this cupola-generator C, and the gas 70

| formed therein mingles with that from the =~
generator A and passes over into the passage
b and thence across and through the genera- _;

tor D. The gases from these chambers, as

body of coal therein at a point above the zone

other chambers serving to carry off any hy-

| drocarbons contained in the coal in the up-
per part of the generator D, while in case any

carbonic acid has passed from the other cu-

pola-generators A, B, or C such carbonic acid
will be converted into carbonic oxid in pass-
| Ing through such chamber. A ;
pass downwardly through the carbureting-

The gases then

~of highest heat therein, such gases from the

_80':r

chamber, where if they are to be carbureted =

too highly heated it forms a red mass of car-

| the oil for enriching the gases is sprayed into -
the same and the gases and hydrocarbons
then passing downwardly and about mid way
across thecoal-chamber or generator E, which =
| serves to.give the primary fixing to the gases =
formed and to still further reduce any car- -

bonicacid present. Its main value, however,

1s that as the upper part of the same is not

90

95 N

bon, in which the hydrocarbons can mingle

and unite with the water-gas, and the primary
fixing takes place. As the gases pass in their
course through the fixing-chambers H and K
they are subjected to still higher heat by
their contact with the checker-work, and all

100

final fixing necessary is accomplished. At
the proper time during the making of the gas

steam can also be admitted to the cupola-gen-
erator 1), forming water-gas in the lower part

105

thereof, which mingles with the gases pass-
ing across such generator, and. steam may
~also be admitted to the lower part of the coal-
chamber E for the same purpose, if consid-
ered desirable. It is not expected, however,
that much gas will be obtained from the cham-

ber E, its main usefulness being as a mixing

| and fixing chamber, as above stated. It will

be noticed that the gases in passing across the
cupola-generator D and the coal-chamber E

‘are divided by the series of ports into streams

_ — | and distributed throughoutthe massof heated

~ apparatus is to be made—by means of jets

I_IS?:.

coal or carbon in such chambers. This gives

better results than if small ports were used,
because it provides a more positive distribu-

120

tion of the gases and prevents toorapid cool-

ing down of the bodies of coal through which

the gases are carried. All the water-gas so

formed passes in its course through the coal-

125

Chj&ll]ber L :-;'Lnd _upward]y thl‘(jugh Ehe'steam; T |

generator and air-heater, so providing for the:

| absorption of a large portion of the heat of
the outgoing gases by the water or the incom-
ing air, the carrying back of such heat into -
[ such gas-generator, and the cooling of the

gases, the gases then escaping through the
outlet-port m and being treated in the usual =

| way in-the scrubbers.
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When the apparatus becomes too eool for
cas-making, air can be admitted at different
pomts thel ein for raising the bodies of coal

to the proper tempemtme and for burning
the generator-gastoheatthe bodies of checkel- |
The air enter--
g% is still further
 heated by contact with the hot walls of the
apparatus, and the highly-heated air, which

wmk: and the incoming air.
ing the chambers B’ and

is raised toa temperature of about 500° Fah-
renheit, ‘provides for the quick raising of
the bocues of coal to the necessary heat for
gas generation, while, as a large numbel of

bodles of coal are p10V1ded suﬁ cient gener-
ator-gas is formed to quickly heat up the

0the1 chambers, air being admitted for a

short time between the two sections of the

carbureting - chamber, a proper amount of
air being admltted to the combustion-cham-
ber G to heat up the checker-work fixing-
chambers.

steam-generator are sufficient, in connection
with the outgoing gases above referred to,

to maintain the air at a high heat and givea
full supply of steam for gas generation, “mak-

ing a corresponding saving in cost Of pro-
ductlon |

The appar atus iscu mulatwe in that it pro-
vides for the making of any desired amount
of gas, according to the demand and without

the necessity- of banking up a,nd holding
quick de-
mand, as only the upper tier of eupola—-ﬂ'en—_
“erators need be employed or only the lower

bodies of coal in readiness for a

tier, or both, so varying the supply, as found
desirable. Iu like manner a good quality of
fuel-gas can also be provided by feeding the
heated air to any one or more of the cupola-

generators while steam 1s being fed to the |

other cupola-generator,the ﬂ*enemtm oas and

water-gas so pmduced bemn'mtermmﬂ'led in

their passage through the di 1 erent ﬂ'enerators
or through the eoal chamber, and such gases
being carbureted or not, as. dﬂswed accord-
ing to the purpose for whlch they are to be
employed On account of the numerous coal-

chambers employed all carbonic acid pro- |
duced in one or the other generator is re-
duced to carbonic oxid, and the employment
of a comparatively b]lOIt generator, which
might be liable to produce carbonic aold 18

nottherefore objectionable. Theaircan also
be fed to the different chambers at such high

heat as to quickly bring the apparatus to the._ |
pwper tempelature f01 gas- makmﬂ' after a -

‘“run.’

One of the 1mp01tant advantaﬂ'es of the
process and apparatus is that on account of
the passage of the gases through the bodies
of coal a very large proportion of the hydro-
carbons eontamed in the bituminous coal can

‘be utilized for the carbureting of the gas,

there being no waste of such hydmcarbons,
except possﬂ)ly in the blowing up, while by

feeding the f1esh coal to the D'e.nera,tors at | and a cheekel-work chamber

_ When the apparatus is running
full, the heated products or such gases as |
S‘tlll remain and which may be burned in the |

of such hydroe,al bons can be saved and
ized in the resultant gas.

to secure by Letters Patent, is—

1. A gas apparatus havmﬂ' a series of cu-
pola-g ﬂ'enemtors inelosed within a casing and
arranwed in tiers the one above the other the
ﬂ*eneratms in the upper tier being on vertleal

' the time of ﬂ'as-makmn* the gr eatel DI oportloli o
util-

o 70
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pla,nes between those on the 10we1 tier, and '

outlet-passages leading from the ﬂ'enelatms

| substantially as set fo1th

2. A gas apparatus having a series of cu-
pola-generators inclosed wu;hm a casing and
arran ﬂ*ed in tiers the one above the other the
ﬂ‘eneratms in the upper tier beingon \*ertlea,l
planes between those on the lower tier, the

oenerators of the lower tiers having uptake-'
passages adjoining and leading to the genera-

8o

tors of the uppel tier, substantlally as Set

forth.

pola,-frenemtms or chambels havmfr converg-
ing walls and an air-heating chamber ar-

ranged between the walls of sald generators

and having an air-inlet pipe at the base, and

an outlet-port atthe top thereofand a cupola— |
95

generator above smd two: generators with

3. A gas- makm appamtus hm?mfr two cu-

90

whwh said outlet-port commumcates sub-

stantially as set forth.
4. A gas apparatus having {0 sets of cu-
pola - generators, one ar 1anﬂ'ed above the
other, “the Uenerators of the upper set being
on Veltlca,l planes between those on the lower

set, the generators of the lower set having

100

converging walls, and the spaces between

such w&llsfmmmﬂ*au-heatmﬂ'ehambelshav-
ing air-inlets and communicating with the
bases of the upper generators, substantlally
as set forth. -

5. Agas- frenemtmﬂ' a,ppa,ratus having a cu-
pola-ﬂ'enela,tm an au-heatmo* ehamber di-
rectly under. the ‘same, a Sohd ash- -pit floor

below the generator and a by-pass-in the.

walls leadmﬂ' around the same and fmmlnﬂ'

105
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communication between the air - heatmn*
chamber and “‘61’161&1301‘ substantlall} as set

| forth. -
6. A n*as-frenelatmﬂ appmatus contamed '-

within a casing and havmﬂ' a cupola-generator
with passages in the side walls about midway
of the height thereof, a carbureting-chamber
at one s1de of said cupo]a-ﬂenelatm and  ex-
tending below the same and another cupola-
*3"61161&1301 on a lower level than the first one

and with which said cmbmetmﬂ*-ehambel_ |
passages in its side

walls about midway of the hewht thereof, -

communicates, having

substantially as set forth.

7. A gas-generating appamtus buﬂt with-
in & cyhndncal casing and having a series
of cupola -generators on dif
municating with each other arranged around
the same and a checker-work chamber with
which the last GUPOI&'“"GHGI ator communi-
cates arranged on the same circular plane

in the center of

TI§

120

cerent levels com-

130
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'. 'the app&ratus Wlﬂl whlch said first-mentioned |

checker-work chamber commumeates sub-
stantially as set forth.

8. A gas-generating apparatus built w1th1n'
a cyhndmcal casing “and having a series of
cupola-generators on different ]evels commu-
nicating with each other arranged around

the same and a checker-work ch&mbel with

- which the last cupola-generator communi-

- tioned checker-work chamber communicates,
and an outlet—passaﬂ*e leading from the lower,

cates arranged on the same circular plane
~and a checker-work chamberin the center of

the apparatus with which said first-men-

end of said central cheeker-wmk chamber,

substantially as set forth.

20
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- ber of generators and of treating-chambers |
and h&VlIl”‘ beyond said casing a generator
- or fire- cha,mber 1n a separate casing in the

course of the 011tlet-passaﬂ'e thelefrom and

: .3_0_.

35

9. A ﬂ*asﬂo*eneratmo*a,ppara,tus formed of a |
‘main eylindrical casing containing a number
of generators and of treatmg-ehambers and |
_havmw beyond said casing a generator or |
fire-chamber in the course of the outlet-pas-
- sage therefromand beyond the same a steam- |

ﬂenerator substa,ntlally as set forth.

10. A gas-generating apparatus formed of
a main cyhndmca,l casing containing a num-

beyond the same and in another casing a

- steam-generator, substantially as set fmth

11, A fra,a-wenemtmw apparatus formed of

and ha,Vmﬂ* a generator or fire- chambel in a

separate casing in the course of the outlet- |
~passage therefrom and beyond the same and |

in anothercasing a steam-generator, and said
steﬂ,m n‘enelator h::wnw an alr heatmn* p]pe

extendmﬂ‘ centrdlly and Vertleally throuﬂ*h
the same, substantmlly as set forth.

12, A was—#eneratlnwapparatus built w1bh-' R
in a cylindrieal casing and containing gener-

‘ating and treating chambers in eombmatmn ?
_-w1th an air-heating apparatus and a circular

_alr-supply pipe extendmﬂ' around the main :

40.___
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casing and having pipes leadmﬂ' therefrom to '

the dlffel ent chambers, said e1rcular pipe be-
ing formed of sections connected by expan-
sion-joints, substantially as and for the pur—'
1 poses set forth. - g

50 )
13. A gas- Uene'ratmﬂ*'apparatus havmn' a

coal- chamber the checker- wmkﬁxmﬂ' cham-:_ o E

‘ber H, the connectmn'-chamber G- between:
port ¢°

them, an air-inlet ha,vmcr the side

55

commumcatmﬂ' with the ch&mber G and the

port g’ leadmg into the chamber H, substang |

tially as set forth.

14. A gas-generating appftratus h&VlHﬂ‘_ a L
6o

cylmdrleal plate-metal casing having a roof

formed of a heavy rigid cente1 plate ‘and ra-

| dial plates connected thereto and extending
to the cyhndrleal casm
{ forth. -
15. A ﬂ'&s-genemtmo* appmatus having a
‘eylindrical plate- metal casing having a roof

Substantmlly as set:? o

formed of a heavy rigid center plate and ra-

- In tesmmony whereof I, the said JAMES L
HASTIN’GS have hereunto set my hand.

W’ltnesses
- JAMES T. KAY |
ROBERT C TOTTEN

........................................
.................................................
.........................................................................
.....................................................
.........................................................
.....................................................................................................

.....................................

, and radial braces

“dial plates eonuected thereto and: extending S
‘to the cylindrical casing
| connected to the seetlonal plates at their:

- - meeting edges, substantially as set forth.
a main eylmducal casing containing a num- |

“ber of generators and of tleabmmehambels-
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. .JAMES L. HASTINGS. FERTE
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