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Applica,tion filed June 8,18986. . ‘werial No. 594,632,

10 all whom it mcw CONLCETTL

"Be it known that I TRANCIS G. LATEB

citizen of the United Sta,tes residing in Phﬂa- é
delphia, in the State of Pennsylmmd havein-
vented certain new and useful I mprovements |
In Gas Apparatus, of which the followmfr is
a speelﬁeaflon |

Thisinvention 1*elates to appamtus wherein

‘gasis produced under pressure by passing hot
alr and superheated steam into contact with

incandescent carbonaceous matter.

In the United States Patent to Maurleeﬁ
Lorom No. 529,453, there is claimed a new
process of manufaeturm
by the forcing of air and supel‘hedted steam

under high pressure through a mass of in-

andescent fuel, whereby a produeer oas 18

formed under so high a temperature as to

. avoid the formatlon ot a,mnmmd,e&l d]’_‘ld tarry
20

lmpurities.

In the United States lf’d‘rent granted to
a gas-motor,
1s shown a, (,ombmdmon of dpp‘bmtu,s for pro-
duemsz; gas by the said process with a gas-
engine especially adapted to be opemred by

- :_the combustion of such gas.
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MY Invention is a,pplma,ble to either the
“manutacture of gas per se or to a motive-

powel apparatus com prising a O*as-frenemmnw
plant in combination with a gas-engine.

My invention constitutes an improvement
upon or addition to the apparatus disclosed
In

in the said patents of Maurice Lorois.
operating such a process it is necessary to
compress air by means of an air- compressor
to whatever pressure is maintained in the

~apparatus, usually in pmctlc,e from fifty to

one hundred pounds per square inch. The

operation of this air-compressor involves a

considerable expenditure of power, which
heretofore in a gas-motor has been taken usu-
ally from the mutor engine, although some-

times the air-compressor has been driven by

some extraneous source of power. When the
air-compressor is driven from the gas-engine,

powergenerated by the engine, it being found,
for e&ample, that in a 0ne~hundred horse-

~ power engine twemy-two horse power is re-

quired: to run the air-compressor.

| _ 'dependenil y of the 1mmedmte producmon of

‘which is produced.

» gas characterized

quired in the g

it absorbs a considerable proportion ot the.

tion 18 commeneed

-In the
~manufacture of fuel or illu mlna‘umﬂ' oas in-

© (No'model.)

power it has heretofore been found necessary

to provide some extraneous source of power

for operating the air-compressor. - Ordinarily

the most convenient source of such power is .
‘a gas-engine driven by the gas produced by
'Lhe apparatus; but it is fuund that the com-
pression of air by this means involves the.
consumption of a large proportion of the gas
My present invention
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remedies these inconveniences and is based -

upon a discovery which I have made, namely,

thatin the normal operation of an apparatus
of this character, where the steam required
for the generation of gas is produced (as in

said Lorois patents) by the utilization of the
| waste heat of the g gas, there exists a steam-
generating capacity in excess of that neces-

sary for pt'ovldmﬂ only the amount of steam

required for the production of gas, and that
by a proper proportioning of the parts of the .
apparatus the steam-generator may be made
to furnish sufficient steam under suitable
Ppressure: to supply not only that which is re-
but also enough
t0" operate a steam-driven air-com pressor of' |

gas-producer,

ample capacity for compressing all the air
required by the apparatus. In addition I

utilize the excess of steam thus pl"'oduced for
driving the feed-pump by which water is sap-

plied 130 the steam-generator. I have even

found it possible to obta,m a sufficient excess
of steam in this way to enable it to be used

as a source of power for domu" outblde Or eX-

_tmnemw work. |
In the operation of ﬂ'd%uproducmg; appara-

tus of the character described some difficulty
hdh been heretofore encountered in the start-
ing of the apparatus, it being necessary first

atmospheric pressure before it is possible to

commence the proper conduct of the process
In such starting of
‘the apparatus it has been found neeesaad;ry to
:rely upon extraneous power for driving the
‘air-compressor and the water-feed pump un-
i t1l such a pressure is attained in the appara-
‘tus that the normal operation of gas- produc-
Consequemly in the

under heavy pressure.

75
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9o
10 ktndle and bring to incandescence a mass
of fuel in the ﬂ‘as-plodueer at subbmmlal]y'
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~case of a motive-power apparatus the engine
has been helpless as a source of power until
. jstarted and worked u p to the 1‘eqau"ed mter--_ __
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nal pressure by the aid of some extraneous | communicates with the upper part of a de-

power. 'I'his difficulty has constituted & se-
rious obstacle to the introduction of motive-
power apparatus of this order. My inven-
tion overcomes this disadvantage by provid-
Ing means in connection with the g gas-pro-
ducer whereby the operation of kmdlmﬂ the
fire therein serves for getting up stea.m, SO
that by the time asufficient mass of incandes-
cent fuel is provided to enable the process to
be operated in its normal manner there has
been reached a sufficient pressure of steam
to drive the air-compressor and feed-pump
until the apparatus can be brought so nearly
to 1ts normal condition of operation as to en-
able 1t to maintain its own cycle of opera-
tions, as 1t does when under normal opera-
tion at full pressure. To this end I provide

a coil of pipe in the gas-producer, which at

starting is filled with water and which as the
fire is kindled receives the heat from the
burning fuel, so that the water it contains is

-converbed into steam under suitable pres-

sure. By preference I utilize for this pur-
pose the superheating -coil heretofore em-
ploved in the gas-producer for heating the
steam on 1ts way from the steam- ﬂenembor
to the twyers of the producer.

Having now given a general idea of the
novel fea,tur'es Of my IHVGHLIOH, I will proceed
to describe the same in detail with respect to
1ts preferred applications, referring for this
purpose to the accompanying drawings,
wherein— |

Figure 1 is a diagrammatic sectional eleva-

“tion illustrating the entire combination of

apparatus constituting a gas-motor or mo-
tive-power apparatusof the general character
of that illustrated in said Pcuent No. 529,452,
Fig. 2 is a plan view showing one suitable

. cmd practicable preferred ar mngement of the

55
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apparatus. Iig. 3 is a diagrammatic sec-
tional elevation of the entire combination of
apparatus employed for the manufacture of
gas, either fuel orilluminating gas, according
to the general system disclosed in said Patent
No. 529,453, TFig. 4 is a plan of the preferred
mmnﬂement of thls apparatus.

T will first briefly describe the motive-
power apparatus with reference to Fi ig. 1.
l.et A designate the gas-producer or ‘‘gazo-
gene,” its Weneml 0011&;13! uction bemn the
same as in Sdld Patent No. 529,455, It is
provided with a feeding-hopper B, closed at
top by a tight-fitting cap ¢ and lower down
by a rotative cock or valve b, which commu-
nicates with the interior of the gas-producer
through a conical or downﬂ%rdly-ﬂdrmﬂ fun-
nel or magazine C, which enters deeply into
the producer-clmmbel A superheating-coil
D is arranged in the upper part of the cham-
ber around the magazine and communicates
through a tube or passage ¢ with an annular
passage d, encircling the lower part of the
producer, and from which twyers ' enter the
producer-chamber. From the upper part of
Lhe producer leads a gas-outlet flue e, which

scending flue or vertical chamber E, through
which the hot gascirculates downwardly and
then upwardly for the purpose of precipitat-
ing any dust or ashes that have been carried
over with the current of gas, so that the hot
gas, free from dust, ascends to the upper part
of the chamber or dust-separator K, whence

it passes out by a pipe ¢’ to the cylinder of the

gas-engine (.. This engine need not here be
described in detall, as its construction is fully
set forth in said Patent No. 529,452. Suffice
it to say that it receives gas through the pipe
e’ and hot compressed air through a pipe m/,

suitable valves being provided 130 control 1311e
inflow of gas and air and suitable means be-
ing provided to ignite the mixture thereof
upon their admission to the c¢ylinder, so that
as they burn and expand they force down the
piston thereof, and on the return stroke an
exhaust-valve /' is opened to permit the spent
gas to pass out through a pipe f to the air-
heater G'. Tokeep the engine-cylinder cool,
1618 provided with a water-jacket If, and this
jacket constitutes a steam-generator, since
the water in flowing through it is converted
into steam. The hot spent gas flows through
tne heater G' and finally passes off by a pipe
g', which conducts it, preferably, to a flue or
ehlmney

A pump or air-compressor J is arranged to
draw in air through the inlet /v and expel it
through an outlet 2 into the compressed-air
reservoir or tank IK. Irom the reservoir IK
the air passes by a pipe k& to the air-heater G/,
through which the air flows and takes up heat
from the hot spent gas. In the construction
shown the air flows through the tubes, while
the gas flows around them; but any other
construction of surface heater or heat-inter-
changer may be employed. The gas thus
heated is then led by a pipe m, part of it
flowing through the pipe m' to the air-inlet of
the engine and the remainder bheing conduct-
ed by the pipe m to the gas-producer A, where
1t is introduced, preferably, into the annular
passage d, to commingle with the superheated
steam before entering into contact with the
incandescent fuel.

Water is forced by a feed-pump H through
the pipe 2 and into the lower part of the wa-
'Jel—,]mket or steam-generator I'. The steam
18 taken from the npper part of this Jacket by
a plpe P, which conduects the steam to a pipe
p’, by which it is led to the upper part of the
superheating-coil D, through which the steam
circulates, and from its lower part the super-

- heated steam 1s led by the pipe ¢ to the an-

nular passage d, communicating with the
twyers.
The water which is fed to the steam- -gener-
ator 1s preferably first utilized to cool the alir-
compressor.J, either by circulatingin a jacket
around the air- compressing cylmder or by
being sprayed or otherwise introduced into
the cylinder, both methods being common in
aIr-compressors.

Lhave shown the provision
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of a waterjacket j around the compressor,

into which water is admitted by a pipe /, and

the compression of the air is thus taken up
by the water and economized for heating the
Teed-water. _ [

- Inthe operation of thisapparatus airis com-
pressed and heated and steam is generated

and superheated. The compressed air and

superheated steam, both ata pressure of from

forty to one hundred pounds per squareinch,

are then ccenmingled and passed under this
pressure through a mass of incandescent fuel

in the gas-producer, whereby they are con-

verted into a producer-gas of great richness
and of such purity that no subsequent puri-
fication is required further than the disen-

- gagement of the dust or ashes that may be
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remaining heat is
pressed air. .

mechanically carried over with the gas, which
1s accomplished by the separator E.

place, whereby poweris developed. The heat

‘given out during this combustion is utilized
in part to heat the steam-generator F' and in |

part is carried off by the spent or exhaust

gases to the air-heater G, where most of the
utilized in heating com-

As thus far described there is no special

‘novelty in the apparatusso far as my present

invention is concerned. I will now proceed

to describe those features that are peculiarto
or introduced by my present invention.

The air-compressor J is driven by a steam-

engine S, either by being directly coupled

thereto, as shown, or by any more or less indi-
rect connection therewith. Steam for driv-

- ing this engine is taken from the steam-gen-
- erator F.  For this purpose I have shown the

45

..5_0

pipe p branched and connected to a steam-

pipe p*, which leads to the steam-engine S.

It is preferable to generate steam at a higher
- pressure than that of the compressed air, or

In other words higher than the pressure pre-

~vailing in the remaining apparatus, and in |

such case it is necessary to interpose a pres-

sure-reducing valve or pressure-regulator R

between the pipe p and the pipe p', which

conducts the steam to the gas-producer. It

18 preferable, however, to be able to drive the
alr-compressor engine by a pressure of steam
higher than that to which the gas-producer is

limited, and for this reason I prefer to take

steam to the pipe p® from the high-pressure

side of theregulator R, as shown. The pipes

~other through a valve p? which is normally

closed in order to prevent the high-pressure
- steam from escapingto the low-pressure side.
It is, however, within my invention to take
Steam to the pipe p° from the low-pressure

- side of the pressure-regulator R, or even to

dispense with this pressure-regulator, gener-

The heat dueto

o i.  The hot
~gas Isthen admitted together with hot airinto.
the engine-cylinder and a combustion takes

the passage d may be cut off.

ating the steam by the pressure as it is re-

| ‘quired for admission to the gas-producer.
‘the water heated by flowing through the j acket |
1s then pumped by a pump L into the com-
pressed-air reservoir K, from which it is
drawn by the feed-pump II.

The water-pump L is according to my in-

vention driven by steam from the steam-gen-
erator I, to which end it might be provided

with its own engine, as shown in Fig. 2,

where its engine is lettered I.': or it may be
driven through a belt or other connection to

75

the engine S, as shown. Thefeed-pump His

also according to my invention to be driven

by steam from the generator I, and to this

end it may be constructed as shown in Fig.
1 and Dbelted from the engine S, or may be
provided with its own steam-engine, as shown

at H' in Fig. 2. - - -
- To enable the superheating-coil D to be
used as a steam-generator in firststarting the

apparatus, I provide the following-described
construction: The pipe ¢, which conducts su-

8o

perheated steam to the annular passage d, .
leading to the twyers, is provided with a
valve ¢, by which its ecommunication with

_ _ The pipe ¢
might be carried directly down, as hereto-

90

fore, and the valve ¢’ be embedded in the =

refractory lining of the producer, but it is o
preferable, in order to protect the valve from

excessive heat, to carry the pipe ¢ outside
the shell of the producer and connect the
valve ¢’ in this outside portion of the pipe,

with a valve p*, by which it may be shut off.
- Defore starting the apparatus the com-

pressed-air cylinder K and the alr-passages

of the heater G’ will normally be charged

95

asshown. - To this portion of the pipe iscon-
| nected a water-supply pipe W, normally
closed by a valve ¢ The steam-pipe » lead-

roo
ing from the steam-generator is provided - |

To

with compressed air left at the close of the

previous operation, and retained by closing

the valve m”in the air-pipe.  The gas-pro-

ducer A is provided with suitable kindling
and with a quantity of fuel, and 1ts passage

A’ is connected to the chimney-flue by open-

ing the cap «', as heretofore. The valve ¢' i

first closed and.the valve c®opened to fill the
coll D with water, the valve p* being closed

and the valve p® opened, so that the steam-

pipes p’ and p°® are connected as one pipe

‘and cut off from communication with the
The coil D being filled

steam-generator I. .
with water, the valve ¢?is closed, Air-being

introduced to the bottom of the gas-producer,

the fire is started, and the producer is oper-
ated as an ordinary stove until a hot fire is
attalned. During this time the heat applied

~to the coil D generates steam under snitable
~pressure. Any excess of pressure generated
“1n this coil at this time (or any excess gen-
6o p°and p’ are in communication with each |

erated during the normal operation of the

qg. The

IIO

115

120

125

~apparatus in the steam-generator F) finds
-escape through the safety - valve
-steam thus generated is utilized through the
‘engine Sto drive the air-compressor J, and if
‘necessary the water-pump L. When a suffi-
| clently hot fire has been kindled in the pro-

[30

ducer, the connection with the chimney isre-
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alr-heater.

moved, the cap ¢’ being closed tight and the
air-valve m* opened to blow alir into the gen-
erator and raise a pressure therein, and im-
mediately afterward, when a pressure has
been attained, the engine may be started,
this initial pressure beingamply sufficient for
starting it, and a combustion of the generated
oas (or more correctly of the carbon monoxid
it contains) takes placein the engine-cylinder,
oiving out heat, which heats the waterin the
steam - generating jacket I, and in a few
minutes generates steam under a pressure
which can Dbe determined by the gage 7.
When the pressure thus attained approxi-
mates to the normal working pressure, say,
for example, from forty pounds per square

inch up, the apparatus 1s ready to be put into

complete operation. Meanwhile the air-com-
pressor is being driven by steam generated in
the coil D, which 1s proportioned to hold sufii-
cient water for making steam enough todrive
the compressor during this interval. By
means of thus driving the compressor the
pressure of air in the cylinder I< 1s kept up,
notwithstanding the loss of air due to blowing
it through the gas-producer during this pre-
]1m1n&1*y operation. When the %nemtor I
has brought the steam up to the 1equued pres-
sure, she valve p* is opened, thereby connect-
ing all the steam-pipes together. The valve
¢*is then opened to blow any remaining water
in the coil D and pipe cout through the water-
pipe W by reason of the steam-pressure be-
ing in excess of the hydr&nt-water pressure
In the pipe W. The valve ¢*is then closed
and the valve ¢’ opened to admit steam to the
passage ¢, leading to the twyers of the pro-
duecer, so that s‘oe:;un may be introduced with
the compressed air. The valve p®should then
be closed, whereupon the steam admitted to

the producer will be regulated in pressure by

the pressure of the regulator R, its reduced
pressure being indicated by the gage »'. Af
the proper time the feed-pump I should be
started in order to keep the water-level in the
generator If at the proper point. T'he appa-
ratus is now in full operation. My invention
renders this motive-power apparatus com-
pletely independent of any other source of
power and capable of self-starting after dis-
use and capable of operating its accessory
apparatus, namely, air-compressor and water
pump or pumps, without diminution of its
own developed mechanical power. Myinven-
tion increases the net power developed by the
apparatus by utilizing otherwise waste heat
for the generation of steam sufficient to drive
the accessory apparatus, thereby increasing
by approximately twenty-five per cent. the
power effectively utilized.

Fig. 2 illustrates a suitable arrangement of
the apparatus and answers to Iig. 1 of said
Patent No. 529,452, A1is a producer or gazo-
gene. (Shown in top view.) K is the dust-
separator or cleaner. 'is the regenerator or
G G are the engine-cylinders. K

o . 573,058

is the compressed-alr reservoir. J isthe air-
compressor, here shown as duplex. S 1s the
steam-engine end thereof. I. 1s the water-
pump, driven by its steam-cylinder I, and T
is the feed-pump, driven by its steam-cylinder
II'. The arrangement of piping here shown
1s somewhat different from that illustrated in
I'ig. 1, the corresponding pipes being desig-
nated by like letters. The two power-cylin-
ders have their steam-generating ]::Lckets CON-
nected with a steam-pipe p, which on one side
connects through the pressure-regulator R
and cut-off valve p° with the pipe p’, leading to

the gas-producer, while on the other side the
pipe p connects through a cut-off valve p® with
the steam-pipe p*, which supplies the engine S.
This pipe is separated by valve ° from the
pipep’, essentiallyasinthe first-described con-
struction. The steam for driving the pump
L is taken from the pipe p° by a pipe p~.
Steam for driving the pump H is taken from
the pipe p by a plp(‘~>p8 The details usual with
the engine construction, including its valves,

‘the :-zLir and gas passages, and exhaust, are

omitted.
My invention is equally applicable to the
apparatus for the manufacture of gas inde-

pendently of the immediate production of

poOwer, L

Fig. o shows a gas apparatus constructed
according to my invention. A isthe gas-pro-
ducer, of the same construction as already de-
scribed. Thegas-outlete communicates with
a dust-separator or upright chamber K, the
outlet ¢ from which, however, 1s arranged
near the bottom and leads fhrectly to the air-
heater G/, f rom which the cooled gas passes
by a pipe ¢ to a regulating-valve I, which 18
adjusted to retain in the apparatus the pre-
determined working pressure, say from fifvy
to one hundred pounds per inch. The air-
compressor J, water-pump L, compressed-air
cylinder K, and feed-pump II in this con-
struction are unchanged. The air from the

alr-compressor passes through pipe £ to the

heater G, and thence throngh.a pipe m to the
producer A, as before. The principal differ-
ence is that the steam-generator F here con-
sists of a coil of pipe arranged in the upright
chamber I, so as to be exposed to the heat of
the newly- generated gas which is flowing
through this chamber. The feed-pump I

forces water from the reservoir K through a

pipe w into the bottom of the generator-coil
I, while the steam passes from the top thereof
by a pipe p to the pressure-regulator R and
safety-valve ¢. On the low-pressure side of
the regulator R the steam passes through
valve p° by pipe p’ to the superheating-coil
D, and also by branch pipe p°® to the steam-
engine S, driving the air-compressor J, the
steam engine or cylinder II' of the pump H,

‘and the steam cylinder or engine L of the

pump L, the pipe p* being suitably branched
to connect with each of these engine-cylin-
ders. The superheater D is connected by
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- pipe ¢ through valve ¢’ with the annular pas- {'

g

10

crude gas thus made, passing through the
chamber E, heats the coil I and generates
steam, and when the steam reaches approxi-
‘mately the working pressure the valve p° is
opened to permit its passage to the steam-

20

30

s7aess

sage d, as before, and by valve ¢? with the

water-pipe W. The steam-generator F may
be provided with a stand-pipe s, having pet-

cocks, a water-gage 7, and a steam-gage 7.

drive the air-compressor J. When a suffi-

cient bed of incandescent fuel is attained, the
chimney connection is discontinued. the pro-

ducer closed, the valve m?isopened, and com-

- pressed air is introduced into the producer

until approximately the required working
pressureis attained in all the apparatus. The

pipes p’ p*. The coil D is then purged of any

‘remaining water by the valve ¢?, after which
- this valve is closed and the valve ¢’ opened

to admit the steam to the bottom of the pro-
ducer. The apparatus is thereby brought

into full operation. The pumps L and I are
started at any suitable time. o

that it generates all the power required for

drivingitsaccessory machinery. Thisisdone
without any added expense and solely by the

~ more perfect utilization of the otherwise waste

40

50
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heatof the newly-generated gas. Steam may
easily be taken from the steam-generator for

driving other apparatus, there being a rea-
sonable excessof evaporating capacity beyond

the requirements of the gas-producer and air-
compressor and other apparatus accessory to

the gas apparatus. | .
- Ifig. 4 is a plan view showing the preferred
arrangement of apparatus for gas-producing.

The same letters being used asin Fig. 3, the
correponding parts may easily be identified.

The air-compressor J and its steam-cylinder

S are duplicated, forming a duplex air-com-

pressor. The water circulating in its jacket

18 pumped by the pump L into the com-

pressed-air reservoir K and passes thence by
the pipe w, in which may be introduced 2

~ feed-pump or injector, the latter being indi-

Yo

cated at II*. The particular apparatus here
shown is designed for making fuel-gas for
heating glass-furnaces and analogous pur-

poses, and to this end compressed air is taken

from the reservoir K by a pipe n, its pressure
being lowered by a pressure-governor M,
answering to the pressure-governor I in the
gas-deliverypipeg’. The gasandairdelivery
pipes are carried together to the place of use,
so that compressed air is injected into the
furnace with the compressed gases.

before specified, namely: -_

I claim as my invention the following-de-

r 3

ned novel features, substantially as herein-

ducer, a steam-generator heated by the waste
heat given out by the gas, a passage for com-
pressed air leading through said air-heater

into said gas-producer, a steam-pipe leading
from said generator into the gas-producer, a
‘steam-engine, and a steam-pipe from said
generator to said steam-engine, whereby the
waste heat of said gas is utilized to generate

steam both for making gas and for driving
sald steam-engine as an auxiliary source of
power. o S o

2. The combination in a gas apparatus, of

a steam-driven air-compressor, an air-heater,
a gas-producer, a steam-generator heated by

the waste heat given out by the gas, a pas-
sage for compressed air leading through said

‘air-heater into said gas-producer, a steam-

pipe leading from said generator to said gas-

producer, and a steam-pipe from said genera-

tor to the steam-engine driving said air-com-

pressor. -

3. The combination in a gas apparatus of
a steam-driven air-compressor and a steam-

driven feed-pump, a compressed-air reservolr
| | | into which said compressor discharges, an air-
~ As applied to a gas-producing apparatus
my invention has the advantage of rendering
- the apparatus self-starting and independent.
‘while in operation of all other apparatus, so

heater, a gas-producer, a passage for com-

pressed air leading from said reservoir
‘throughsaid heater to said producer, a steam-

generator heated by the waste heat given out
by the gas, a water-pipe from said feed-pump

to saild steam-generator, a steam-pipe from
sald steam-generator leading to the gas-pro-
ducer, and a steam-pipe from said generator
leading to the steam-cylinders of said air-

compressor and feed-pump. -

4. T'he combination in a gas apparatus of
a steam-driven air-compressor, an air-heater,
a gas-producer, a steam-generator heated by

the waste heat given out by the gas, a pas-
sage for compressed air leading through said

o
- 1. The combination in a gas apparatus, of
. | an air-compressor, an air-heater, a gas-pro-
- In starting the apparatus the valves ¢’ and
- p°are closed, the valve c® is opened to fill the
coll D with water, and the top of the genera-
“toris connected, as before, with the chimn ey,
The fire is kindled in the same manner as be-
fore, and steam is generated in the coil D to
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alr-heater into said gas-producer, a steam-

pipe leading from said generator, a steam-

pressure regulator, a pipe leading from the
low-pressure side of the latter through the

superheater in the gas-producer and com-
municating with the inlet-twyers thereof, and

a steam-pipe communicating with the high-
pressure side of said regulator and leading to

the steam-cylinder of said air-compressor,

whereby said generator supplies steam both
-at reduced pressure for making gas, and at
high pressure for driving said air-compressor.

5. In a gas-motor engine, the combination

of a steam - driven air - compressor, an air-

“heater, a gas-producer, an engine-cylinder, a
passage for compressed air leading through
~said air-heaterinto said gas-producer and en-
~gine-cylinder, a passage for gas leading from
8ald producertosaid engine-cylinder, a steam-

generator constructed as a jacket around said

-engine-cylinder, afeed-pump and connecting-
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pipe for forcing water into said steam-gener-
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ating jacket, a steam-pipe leading from said
generator to said gas-producer, and a steam-

pipeleading from said generator to the steam-
¢ylinder of said air-compressor. |
6. Thecombination of a gas-producer, a coil

of pipe arranged to be heated by the hot gases-

generated 1n said producer, a steam-genera-
tor, an air-compressor, a passage for com-
pressed air leading to the inlet of the gas-

producer, a steam-pipe leading from said gen-
erator to the inlet of the gas-producer, a wa- -

ter-inlet to said coil of pipe, and suitable
cocks whereby said coil of pipe may be filled

with water when starting the fire in the gas-

producer, and be utilized as a temporary

steam-generator for getting up a pressure of

steam during the starting of the fire.
7. T'he combination of a gas-producer, a su-
perheating-coil therein, a steam -generator,

an alr-compressor, a compressed-alr passage

Jeading therefrom to the inlet of the gas-pro-

ducer, a steam-pipe leading from said gener-
ator to said superheater and thence to the
1nlet of the gas-producer, a cock for closing
said latter steam-passage, and a water-inlet
to the bottom of said superheating-coil, where-

by said superheating-coill may be filled with

water when starting the fire in said gas-pro-
ducer, and be utilized as a temporary steam-
generator for getting up a pressure of steam

~during the starting of the fire.

In witness whereof 1 have hereunto signed
my name in the presence of two subseribing
witnesses.

FRANCIS G. BATES.

Witnesses:

ARTHUR C. I'RASER,
IFRED WHITE.
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