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LDWARD P. 1'\TOYE

PATENT OFFICE

OF ' VVINCHESTER MASSACHUSETTS

CONTHNUOUS COMBUSTBON GENERATHNG APPARATUS

No. 855,726.

Specuﬁcatmn of Letters Patent.

Pa’.tented June 4, 1907.

Anplmthn filed March 30, 1904 Serml No. 200, 700-

To cll wivom it may concern:

Be 1t Lnnwn that I, Epwarp P. NoyEs, of

Winchester, in the countV of Middlesex and
State of h{&qid('llll‘-(‘tt‘% have invented cer-
tain new and useful Impmvement.s in Con-
tinuous-Combustion Generating Apparatus,
ol which the following is a Speclﬁ.( ation.

This invention relates to heat-engines for
developing power by continuous combustion
at constant pressure, such for example, as
described In patents to S. A. Reeve, Nos.
588,178 and 588,293. It has been custom—
ary “heretofore in the operatmn of appara-

tus of this kind to keep the awr and fuel sepa-

rate before reaching the entrance to the
combustwn—clmmber this procedure being
deemed necessary as a guard against exp lo-
sion. Premature mﬂammatlon of the ﬂunls
besides endangering the apparatus, dilutes

the combustible ﬂulds impairs - their readi-
ness to unite, and delavs and renders incom-

plete their 1trmt1011 when flowing rapidly in a

closed chamber and in dense condltlon. If
the fluids are fully physically commingled

before reaching the combustion- chamber |

the gases tend o all burn back to the com-
mmtrhnu‘ point which is disastrous to the ap-
paratua: ‘and destructive of efliciency. If on
the contrary the fluids are held completely
separate up to their entrance into the com-
bustion-chamber, the task of at once and

completely ﬁommmfrhnfr them is great and

partly due to the increased density which the
{luids assume under pressure. 'To the end of
eflecting this complete mixture of previously-
unmixed fluids when they enter the com-

 bustion-chamber special expedients are re-

40

50

53

quired or else an enlarged combustion-cham-
ber will be found necessary in order to se-
cure complete combustion.

- My present invention embodies the pre-

vious mixture of air and fuel 1In continuous-.

combustion-at-constant-pressure apparatus,
together with means to prevent the burning
back of the fluids, and, in addition, certain
novel expedients in. connection with such
means whereby the several deviees are made

to mutually contribute to the elliciency and

utility of the apparatus. It is known that
passage of an inflammable mixture through
metal pmfumtwna prevents back-burning of
the mixture because the metal abstracts the

heat of the several small flows on account of

the large agaregate of metal surface pre-
~sented by the perforations.

This aetion, |

| however, depends on considerable tempera-
ture difference between the fluids and the
‘metal, which I have discovered 1t is difficult

to maintain when the heat is very much in
quantity and generated within a limited
space, as 1n &pparatm of the kind to which
this Invention relates. On this account
special means are provided to maintain the
desired temperature dlﬁerence as wﬂl here—
inafter appear. | -

My invention further takes cognizance of
the velocity of flow into the combustion-
chamber. An increase of temperature and
pressure Increases the rate of backward
propagation of flame, against which provi-
sion should be made by an increase of ve-
locity. For a given quantity of combustion-

fluids ﬂnwmw mto the combustion chamber

per unit of tlme the velocity of flow will de-

crease as the pressure rises.
diminished at times by special influences,

such as negative load, all of which factors
and influences are taken account of by the

devices hereinalfter described, Wherelw ve-

locity is maintained in the face of all dis-
turbmfr influences, which velocity codéperat-
ing with the temperature—dwp of the sub-
divisional flows through the cooled metal at
the entrance to the combustion-chamber,
decreases the tendency to back-burn. A
feature likewise contributing to the results
aimed at lies In creating the above-named
velocity-flows continuously and in crossed

directions, and controlling the same by the
above - mentmned Velomty causing 111ﬂu—-'

ences.

-~ In prowdmo' a previous mixture I may
cause a part of the mixing to take place at
the compressors,
sub-divide the mixing so that the mixture

| does not become eXploswe until the 1ast, thus

avolding any chance of explosion in the com-
pressors, which would be disastrous. Such
explosion, however, 1t occurring only 1 the
ante-chambm‘ to the combustion-chamber is

not so objectmnable, and therefore without

risk the mixture may be made practically
complete in this ante-chamber. Moreover,
successive commingling of the air and fuel

with a lapse of tlme botweou promotes con-
A final entrance of air into

plete mixture.
the G{)lllbu%tlOII—(’lmlnb(‘I contributes to the

turmoil of the fluids and aids complete com-

bustion within a limited area
Jooling of the foraminous metal at the en-

Velocity is also.

but in bllCh case prefer to
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trance to the combustion-chamber 1s prefer-
ably effected both by gaseous and water
flows. 'The cooling air employed is thereby
heated as an aid to combustion and may be
accompanied by fuel, the mixture of the air

and fuel being promoted by their impinge-

ment upon the heat-radiating surfaces. The
cooling water employed may atterward be
used in the cooling-pot of the combustion-
chamber, thus returning the abstracted heat
to the system. The jacket-water of the com-
pressors may be in like manner employed 1n
the cooling chamber and the heating of the

- water increased by heat acquired from the

exhaust of the motor.

control and direction of the water, as more

- fully hereinafter explained.

20

- Of the accompanying drawings,—Figure 1

represents a diagrammatic elevation of

~ power-developing apparatus embodying and

25

30

adapted to carry out my invention. Kig: 2
represents. a vertical section of the genera-

tor. Fig. 3 represents a horizontal section :

thereof on line 3—3, showing the valve-seats

at the entrance to the combustion-chamber.
Fig. 4 represents a section on line 4—4 of
Fig. 2. Fig. 5 represents a detail section of

the thermostatically-controlled solenoid for
diverting partition-jacket-water. Fig. 6 rep-

. resents a detail section, showing the connec-

~ one of the ejector-like devices hereinafter de-
35

tion of the upper diaphragm with 1ts valve-
stem. Fig. 7 represents a detail section of

scribed. -

- The same reference characters indicate the

- same parts in all the figures.

40

45

In the drawings, 10 indicates an engine or

-motor supplied from a generator 60 and hav-

ing an exhaust-pipe 15 enlarged into an ex-

haust heated chainber 16 through which the

cooling chamber water is passed as hereinafter

described. The engine drives a stage air-

compressor including low-pressure and high-
pressure c¢ylinders 20 22, an intercooler 21,
and a stage gas-compressor Including low and
high-pressure cylinders 30 32, and inter-
cooler 31, the fluids from these compressors

 being mixed and supplied to the combustion-

50

55

tion chamber 64 whose lower partis a combus-

60

chamber, burning continuously under con-

stant pressure therein, and afterward being

cooled in the cooling chamber and creating a
body of steam which passes on with the prod-

- ucts of combustion through pipe 66 into the

cylinders of the engine 10.

Qenerator construction and fluid regula-
tion.—The generator 60 embodies a combus-

tion-tube 264 discharging into the upper part
of cooling chamber 65 to which water 1s sup-
glied through pipe 93.

- ber to which air 1s supplied from the air-com-

“pressor by a pipe 43, and gas from the gas-
~ compressor by pipe 53, these pipes entering

65 atright angles so that their streams cross and

In the above connec-
tion special expedients are employed for the

61 1s an ante-cham-

855,728

thereby become intermixed. Between the

chambers is located a foraminous four-sec-
tioned metalhe partition 67 below which the

air-and-gas mixture 1s inflamed and whose
This par--
tition forms substantially an inclosure or-an-
nulus through whose perforations a hollow

office is to prevent back-burning.

stream of air-and-gas mixture flows from the
ante-chamber 61. This partition is formed
with a water-jacket 62 having portions at the
bases of the perforated plates, as seen in Kig.
2, and a portion at the upper ends of the
plates surrounding a female valve-seat 267

with which cooperates an upwardly-seating

cone-shaped or male valve 78. The exterior
of the perforated partition constitutes a male
valve-seat for a downwardly-seating four-

| pronged female valve 63 which controls the

flow of air-and-gas mixture through the fo-
raminous partition from ante-chamber 61 to
combustion-chamber 64. 262 1s a flanged or

ribbed extension of the perforated partition

67 occupying the ante-chamber 61 and lo-
cated in the path of the flow from air and gas
pipes 43 53 so that their combined flows 1m-

pinge upon the fins and become thoroughly

intermixed. |

Water enters the jacket 62 through pipe 97
and leaves through pipe 98, circulation being

established by means hereinafter described.
Valve 63 is provided with a hollow stem 69

having a sliding fit in a sleeve 70 and attached
Initial air pressure is

to a diaphragm 71.

70
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95

piped to the chamber 73 on the under side of

said diaphragm by a branch 72 from the air-
conduit 43. This hollow stem 1s continued

upwardly through a stuffing-box carried by

the hub portion of a second diaphragm 75
and is further extended through the top of

the diaphragm chamber to carry a solenoid
The chamber 76

as hereinafter described.

100

105

above the upper diaphragm receives initial

air-pressure through the interior of hollow
stem 69 and ports 74 279. The upper dia-
phragm is connected with the valve-stem 77

of valve 78 by a pin.79 passing through the

slots 279. Between the diaphragms is m-
closed a chamber 271 which receives the ter-
minal-pressure of the system from the cham-

ber above the cooling-pot by way of a pipe
151 and 1s occupied by a spring 150 inter-
posed between the diaphragms and tending

to press them apart and hence press the
valves 63 78 to their seats.
this spring aids the terminal pressure In
chamber 271. A spring 159 acting on the
hollow stem 69 tends to neutralize the weight
of parts connected with said stem and by
proper adjustiment the arrangement is such
that the two valves are acted on equally and

opposttely by similar pressure influences. It

will be observed that each valveis controlled
differentially by the pressures initial and ter-

‘minal to it.and the terminal pressure is aided

by the spring 150 so that at all times the two

In other words,

110
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166 attached to a dmphratrm 162.
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valves 63 78 impose a pressure-drop on the

fluids entering the combustion-chamber and

tend to maintain a velocity of flow which not
only aids in the proper mixture of the fluids,
but 1 1s an mfluence added to that of the fo-
raminous partition tending to prevent back-
burning of the fluids.

~The air from diaphragm-chamber 73 flows
through the mterior of valve-stem 69 and
past valve 78 1 a divergent hollow stream

which crosses the ('onvertrent stream flowing

through the perforations of the partition 67.

This arrangement tends to an immediate and
thorough mixture of the original air-and-gas
mixture with further air coming through the
branch-pipe 72. DBelow these inlets is a tan-
cential inlet 266 controlled by a cone-valve
In the
chamber 111 on one side of tnis diaphragm,
initial air-pressure is received by a branch
160 from the chamber 73, and in the chamber
161 on the opposite side, ‘terminal pressure 1s
received by a branch 163 from the pipe 151.

A spring 164 aids the terminal pressure and
adjustment 1s preferably such as to give a

~controlling action to the valve 166 the same

.30
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53 and provided with stop-valve 371.
starting the apparatus a mixture of air and -

as that given to the valves 63 and 78 by the
pressure and spring influences above de-
scribed. The mechanical influence of the
alr-stream entering through tangential-inlet
266 is to cause a whirl of the fluids entering
past valves 63 and 78 and of its own flow, and

“theresultis to localize and complete combus-

tion within a comparatively-small zone.
The tangential-inlet 266 enters on a hot-

tube or incandescence 1ieniter 167 1n the form

of a hollow thimble havmo' a salient presenta-

tion to the mterlor of the combustion-cham-

ber. Tius tube 1s heated exteriorly by a
burner 168 entering its cavity and supplied

with compressed air through pipe 170 and.

zas through a pipe 169. An additional func-

tion of the tangential-inlet 266 will now ap-

pear. Back of the valve 166 enters a pipe

171 branching from the compressed-gas pipe
In

£as 18 passed through the tangential-inlet 266,
and impinging on the end of the hot-tube 167
it becomes ignited and causes ignition ot the
prumary fluid-flow occurring past valves 63 78.

‘When ignition has been eff ected the gas-sup-
ply to the tangential inlet 1s shut off by means

of valve 371 and the end of the igniter is
then bathed by a pure-air flow which tends
to keep it cool and prevent its destruction by

the heat of the combustion-chamber, the air
and gas supply to the burner 168 bemg at

~ thlq tiine shut ofi. . _

At the upper end of the hollow c?.tnem 69 is
secured a solenoid helix or coil 158 and to the |
~upper end of valve-stem 77 is secured the ar-

‘mature-core 258 of said solenoid.

The pres-

sure of the system from pipe 160 acts on the
under side of a tlm,phrmrm 153, and a sprmw

_—

3

| 253 and the pressure of the atmosphere act

on the opposite side thereof. The stem 155
of this diaphragm acts on the arm of a
rheostat 156, best seen in Fig. 1, which con-
trols the resistance in the actuating circuit
157 of solenoid 158. The result 1s that as
pressures accumulate and give rise to greater
densities and hence a less velocity of fluid
flow for a given quantity flow of the com-

bustible ﬂuuls the suction of the solenoid

158 will increase and augment the pressure
tending to move the Valves 63 78 to their
seats. The consequence 18 that the velocity
flow 1mmto the combustion-chamber 1s main-
tamned during the higher pressures, with
the result of mamtammﬂ* a uniform mixing
power of the flow and a uniform tendency to
prevent back-burning into the ante-chamber
61. At an extreme increase of pressure in
the system, the stem 155 acts through a rod
174, lever 176, and rod 276 upon a stop-valve
177 in the fuel—plpe 53 with the result of shut-
ting off the entire gas-supply to the generator.

Air circuit.—Air from the suction-pipe 40
passes through L. P. alr—compressor cvlmder
20, pipe 41, lntercooler 21, pipe 42, H. P.
cyhnder 29 and compressed air pipe 43 to the
ante-chamber 61 of the generator, and by
branch 72 to the dlaphragln chamber 73.
As hereinbefore indicated, part of the air is
piped from the- dmphmo‘m—chamber through
152 160 to one side of the solenoid- controlhno'
diaphragm 153 and tangential-valve dla-
phragm 162, a part also going through pipe
170 to the 1gn1ter—burner 168 and further
parts up through stem 69 60 diaphragm-
chamber 76 and down. through said stem past
valve 78 to the combustion-chamber.

Gas circurt.—Gas from suction - pipe 50

passes throucrh L. P. gas-compressor cylin-

der 30, pipe 51 intercooler 31 , p1pe 87, H. P.

cvlmder 32 and compressed-fraq pipe 53 to the

ante-chamber 61. A portion 1s branched
through pipe 171 t0 supnly the tangential-
inlet 266 at starting, and a portlon of the

street main gas supply passes by pipe 169 to
the burner 168 and by pipe 172 to a Bunsen

burner 173 for initially heating the water pot

65, to effect a start or for other reason.

Azr—and—qas cvrcust.—A part of the par-

tially-compressed gas in the #as~1nterwoler

31 by passage thmugh a pipe 181 connect-

Ing. the latter with the air-intercooler and
containing stop-valve 182 and check-valve

183. As tlw low-pressure cylinders of the
“two compressors both receive their supplies
-at substantially atmospheric pressure, they

constitute meters for the {luids taken i In, and

under such elr('umt-.tanws the mtercoolo
pressures depend upon the ratios between

75

30
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95

100

105

115

‘tially-compressed air is mlxed with the par-

120

125

the capacities of the low-pressure and high-

pressure whmlors of the respective com-

pressors. It -is oamlv arranged to have a
pressure in the air-intere oolor 21 superior to

130
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that in the gas-intercooler 31, so that a flow
hecomes established through pipe 181 and a

partial mixture ol air and gas thus effected.
The ratio of intercooler pressures may be

changed by varying the relative capacities ot
thelow-pressure airand gas cylinders or either
of them by means of the clearance-controlling
chambers 180 280. If the preponderance of
air-intercooler pressure is greater than de-

sired, the flow mayv be throttled by means of

-alve 182. Tn branch connection with the
compressed-gas pipe 53 1s a safety-valve 1772
releasing to the suction-pipe 50 upon the at-
tainment of a predetermined pressure in the
system. When the gas-compressor 1s sup-
plying a mixture of air and gas through pipe
53, the circuit established by release-device
177* causes a cumulative dilution of the mix-
ture passing through pipe 53 to the generator,
and hence imposes a check upon the intensity

~of combustion and the further rise of pres-

2

30

35

| s0

sures. Air may also be mixed with the gas
on the suction side of the 1. P. gas-cylinder
30 by an atmospheric air-pipe 284 and a
nozzle-device 184.

At timesit may be desired to employ liquid.

fuel either 1in conjunction with the gas, as for
instance when the latter needs enriching, or
alone as the only fuel. 1 have shown oil-
pumps 201 202 drawing from an oil-tank 200
and operated by an eccentric 300 actuated
from the engine-driven shaft 190, the output
from said pumps entering the gas circuit on
the suction sides of both L. P. and H. P.

cylinders through nozzle-devices 203 203.

By this means a stage mixture of the liquid

fuel with the gaseous fluid passing “through
the .compressor is effected. When liqud
- fuel alone is used, the gas-compressor is then
preferably employed as an air-compressor in

addition to the regular air-compressor, and

~ the result is an increased capacity or power

45

-50

55

of the apparatus. * .
Water circust.—The air and gas compressor
cylinders are provided with water - jackets
of well-known construction, and the water-
circuit therethrough and further is as follows,
namely, through pump suction 80, pump 81
operated b]z engine-driven eccentric 191,

pipe 82, jacket of I.. P. air G{Iinder 20, pipe
83, jacket of H. P. air-cylinder 22, pipe 84,
water-space of air intercooler 21, pipe 85,

jacket of I.. P.gas cylinder 30, pipe. 86,
jacket of H. P. cylinder 32, pipe 87, water-
space of gas-intercooler 31, pipe 88, water-
space of exhaust-heater 16, and pipe 90 to

- the suction side of a force-pump 91. By

- 92 and 93 to the cooling-chamber 65 of the
6o [ ou _
“under the control of ‘a suitable feed-water
regulator 115. 1In this way, a greater or less

this pump the water is forced through pipes

cenerator or out through a waste-pipe 118

~ quantity of the heat of compression is con-

05

served 1 the water passing to the cooling-
chamber. ‘

e

l

‘belongs

855,726

102 is an over{flow-pipe bmndhing from the
pipe leading to exhaust-heater 16, and de-

signed to dispose of any excess of the water
from the compressor-jackets not demanded

by pump 91.  This pipe also furnishes a head

70

to prime the said pump. Inparallel with this

compressor-jacket and cooling-chamber eir-

cuit is the circuit of the foraminous partition-

“Jacket 62, which 1s by way of pipe 95, pump

96, pipe 97, jacket 62, pipe 98, chamber 99,
and pipes 100 and 93 to the cooling-chamber
65, wherebyv 1s conserved more or less of the

heat of combustion abstracted by the parti-

tion-jacket 62. Such of this flow as 1s not
demanded by the cooling-chamber may pass
off through the waste-outlet 118 under con-
trol of the feed-water regulator. A branch
103 from the chamber 99 1s adapted to divert
more or less of the output from the parti-
tion-jacket when this output reaches a pre-
determined temperature. A mercury-ther-

8o

mostat 108 1in connection with the chamber

99 controls the circuit of the solenoid 204

which operates a valve 104 controlling the

flow through branch-pipe 105. The water

QO

thus diverted passes through pipe 105 to the

suction side of pump 91, either directly

through. a nozzle-device 107 or through the

exhaust-heater 16 bhv way of a nozzle-device
106. The construction of nozzle-device 106

95

1s illustrated in Fig. 7, and represents that of -

the other nozzle-devices herein mentioned.

The direct flow through 107 1s ehosen when

the water in 105 is hotter than the engine-ex-
haust and hence should not be used to heat
up this exhaust, and the avenue through 106
i1s used when the water 1s cooler than the ex-

100

haust. The partition-jacket water diverted -

by the action of thermostat 108 digplaces
some or all of the compressor-jacket water

from the suction of pump 91 which. is a use-

ful result when the partition-jacket water has

105

a superior heat. The displaced compressor-

water overflows automatically through pipe
102. The pumps 91 96 are shown as driven
from the eccentric 192 on shaft 190.

- It should be observed that my invention
]'i)rincipally to that class of heat-en-

I10

gine cycles broadly designated as internal-

combustion-at-constant-pressure cycles, this
term signifying that the development of the

heat-energy takes place without a necessary

rise in pressure, such as is characteristic, for
instance, of the combustion in the ordmary
Otto cycle. The term does not exclude fluc-

tuations in pressure, which may even be very
considerable in amount, but which are due
10 conditions of use and are not inherent in.
‘the cycle. The combustion in this eycle also
125

preferably takes place continuously, that is,
thereis no inherent limitation to intermittent
periods of combustion such as is observed for
mstance in the Brayton cycle.
Iclaime— -~
1. In a continuous-combustion power-gen-

II5

120
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means Lo direct a stream of combusiion fluid

855,726

erating apparatus, the combination of acom-
bustion-chamber, an ante-chamber, means to
supply air and fuel under pressure to said
ante-chamber, a perforated partition sepa-
rating said chambers, and a jacket for said
partition-adapted to contain a cooling fluid.

2. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure-chamber for conducting combustion,
an ante-chamber, means for supplying air and
fuel under pressure to said ante-chamber,a
foraminous partition separating said cham-
bers, a cooling-chamber jacketing said parti-
tion, and means to circulate a cooling fluid
through said chamber. '

3. ]%1 continuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, a perforated par-

tition separating the same and having a rep- |

Licate heat-dissipating extension, and a con-
duit for supplying combustion fluid to said

ante-chamber arranged to impinge its flow |

upon sald extension.,

4. In continuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, a foraminous
partition separating the two and having arep-
licate heat-dissipating extension, and con-
duits for supplying air and fuel to the ante-
chamber so directed as to mix their flows and
impinge the mixture upon said extension.

5. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber, an ante-chamber
communicating therewith, conduits to sup-

ply air and gas to said ante-chamber so di-

recled as to cross and mix their streams of
fluid, and sources of air and gas pressure sup-
plying said conduits. =

6. In continuous-combustion power-gen-
erating apparaius, the combination of a pres-
sure combustion-chamber, and means for
supplying crossed streams of air and gas
thereto. ~

7. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combusilon-chamber, means to supply a
stream of mixed air and gas thereto, and
means to supply a stream of air to said cham-
ber crossing the first-said siream.

8. In continuous-combusiion power-gen-

eraiing apparatus, the combination of a pres- |
sure comoustion-chamber, means to supply a |

convergent hollow stream of combustion
fluid thereto, and means to supply a diver-
eent hollow stream of combustion fluid from
wichin ihe first-said stream and crossing the
lavier. . ;

9. In coniinuous-combustion power-gen-
eraving apparatus, the combination of com-
busilon and ante-chambers, means to supply

“air and gas to said anie-chamber, a forami-

nous parucion separating said chambers, and

O

into said combustion-chamber .across the
stream from the foraminous partition. ,

10. In eontinuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, a foraminous par-
tition structure separaiing said chambers
and making substantially an inclosure, means

‘to supply air and fuel to the ante-chamber,

and means to supply a combustion fluid to

the combustion-chamber from within the in-

closure formed by said partition structure.
11. In continuous-combustion power-gen-

erating apparatus, the combination of com-

70

75

bustion and ante-chambers, a foraminous -

partition structure separating said chambers
and making substantially an inclosure ar-

ranged to direct a convergent hollow stream
of mixed fluid into the combustion-chamber,

and means for supplying a divergent stream
of combustion-fluid to the combustion-cham-
ber from within the said inclosure. '

12. In continuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, a foraminous
partition separating the two and having a
valve-seat, a valve codperating with said seat,
and means to supply air and fuel to said ante-
chamber. - -

13. In continuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, means to supply

air and fuel under pressure to said ante-

chamber, a foraminous partition separating

said chambers, a valve cooperating with said
partition, and means for automatically regu-
lating said valve by the pressure of the sys-
tem. | B

14. In continuous-combustion power-gen-

erating apparatus, the combination of com-

bustion and ante-chambers, means for sup-
plying air and fuel to said ante-chamber, a
foraminous partition separating said cham-

Qo

95

100

10§

bers, a valve cooperating with said partition, -

and means for automatically regulating said
valve differentially by the pressures initial
and terminal thereto. _ '

15. In continuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, means to supply

| air and fuel to said ante-chamber, a forami-

nous partition separating said chambers and
having a valve-seat, and a valve movable to-
ward and from said seat.

16. In continuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, means to supply

IIO

I15

120

air and fuel to said ante-chamber, a forami- .

nous partition separating said chambers and
having a valve-seat, a valve movable toward
and from said seat, a movable partition con-
nected with said valve and having chambers
on 1ts opposite sides, and means to supply
sald chambers respectively with the pres-
sures 1nitial and terminal to said valve.
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17. 1In continuous-combustion power-gen- | erating apparatus, the combination of ¢om-

erating apparatus, the combination of com-
bustion and ante-chambers, a partition sepa-

rating said chambers and having a male |

valve-seat, and a female valve movable fo-

~ward and from said secat.
18. In continuous-combustion power-gen- |

erating apparatus, the combination of com-

bustion and ante-chambers, means to supply

air and fuel to said ante-chamber, a forami-
nous partition separating said chambers and
having a male Va%ve-seat, and a female valve
movable toward and from said seat.

19. In continuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, means to supply
air and fuel to said ante-chamber, a forami-
nous partition separating said chambers and
havine a sectional male, valve-seat, and a
multi-sectioned female valve movable to-
ward and from said seat.

20. In continuous-combustion power-gen-
erating apparatus, the combiation of com-

bustion and ante-chambers, means to supply
air and fuel to said ante-chamber, a foranu-
nous partition separating said chambers and
having a male valve-seat, a female wvalve
movable toward and from said seat, and
means to automatically control said valve
diflerentially by the pressures initial and ter-
minal thereto. ' o

21. In continuous-combustion power-gen-

|
differentially by the
.minal to the valves.

bustion and ante-chambers, means to supply
air and fuel to said ante-chamber, an inlet to
the combustion-chamber from said ante-
chamber, a second mlet for combustion fluid

| to the combustion-chamber so arranged as to

direct 1ts stream of fluid across the stream

from the first-said inlet, and valves control-

ling saxd inlets.
26. In continuous-combustion power-gen-

bustion and ante-chambers, means to supply
air and fuel to said combustion-chamber, a
foraminous partition separating said cham-
bers and having a male valve-seat, an inlet
for combustion flmd to the combustion-

chamber having a female valve-seat em-
braced by the first-said valve-seat, oppo-

sitely-moving valves codperating with said

seat, and means for confrolling said valves
pressures initital and ter-

27. In contimuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, means to supply
atr and fuel to said ante-chamber, a forami-
nous partition separating the chambers and

having a male valve-seat, a female valve-

seat embraced by the lirst-said seat, a coolhine
jacket strueture having portions respeetively
at the base of saud partition and at the crest
thereof embracing the female valve-seat, and

erating apparatus, the combination of com-+| oppositely-seating valves cooperating with

bustion and ante-chambers, means to supply
air and fuel to said ante-chamber, a forami-
nous partition separating sald chambers, a
cooling jacket for said partition adapted for

the circulation of a cooling fluid, and a valve

cooperating with said partition.
22, In continuous-combustion power-gen-

“erating apparatus, the combination of a pres-

sure combustion-chamber having codperat-
ing inlets for combustion fluid, valves con-
trolling said inlets, and means controlled by
the pressure of the systein for simultane-
ously moving said valves 1n opposite direc-
tions. | '

q

i

f

23. In continuous-combustion power-gen-
erating apparatus, the combination of a pres- | means connected with said inlets for suppl}*-
sure combustion-chamber having codperat- | ing combustion flulds thereto, oppositely-

fluid, said inlets being provided respectively
with male and female valve-seats, female and
male valves codperating with the respective
seats, and pressurc-controlled means for si-
multaneously nioving said valves 1n opposite
directions. . S

24. In continuous-combustion power-gen-
crating apparatus, the combination of a pres-
sure (':om{))ustion-chmnber, mlets so arranged

as to direct crossed streams of combustion

fluid into said chamber, and valves auto-
matically controlled by the pressure of the
system for controlling said lets.

25. In continuous-combustion power-gen-

sald valve-seats.
28. In eontinuous-combustion power-gen-
erating apparatus, the combmation of com-

bustion and ante-chambers, means to supply

air and fuel to said ante-chamber! cooperat-
ing inlets to the combustion-chamber, one of
which leads from the ante-chamber, so di-
rected as to cross their flows, said mlets hav-

ing valve-seats, valves cooperating with said
seats, and a cooling jacket structure having

portions surrounding the respective seats.
29, In-contmuous-combrstion power-gen-

sure combustion-chamber having inlets pro-

vided with valve-seats, one within the other.

ing inlets for the admission of combustion | seating valves codperating with said seats,

and means eontrolled by the pressure of the

systent for simultaneously moving said

valves in opposite directions.

30. In continvous-combustion power-gen-

70

75

erating apparatus, the combination of com-

80_

r
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110
erating apparatus, the combmation of a pres-

115

120

erating apparatrs, the combination of a pres-

sure combustion-chamber, means to supplyv:

combustion fluid thereto, oppositely-mov-
able valves controlling the fluid flow, one of
which 1s provided with a hollow stem, the

other having a stem occupving said hollow

stem, and diaphragms connected with said
stems and subject to the pressure of the sys-
tem. EE _ - -
- 31. In continuous-combustion power-gen-
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erating apparatus, the combination of a pres-
sure combustion-chamber, a pair of oppo-
sitely-seating valves controlling the flow of
combustion fluid thereto and having stems,
one of which is hollow and incloses the other
stem, diaphragms connected with the re-
spective valves and inclosing a chamber be-
tween them, a spring interposed between
the diaphragms, means to establish in said
chamber the pressure of the system ter-
minal to the valves, chambers on the remote
sides of the diaphragms, and means to estab-
lish in the latter chambers the pressure of the
system 1nitial to the valves. |

32. In continuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, a valve control-
ling communication between the two and
having a hollow stem, means to supply comn-
bustion fluid to the chamber through said
stem, and a second valve controlling said
fluid supply. _

33. In continuous-combustion power-gen-
erating apparatus, the combination of com-
bustion and ante-chambers, a valve control-
ling communication between the two and
having a hollow stem, means to supply com-

_bustion fluid to the chamber through said

30

35
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stem, a second valve controlling said fluid
supply and having a stem passing .through
sald hollow stem, diaphragms connected with
the respective stems, means to establish the
system-pressure terminal to the valves on
one side of each diaphragm, and initial-pres-
sure chambers on the opposite sides of the
diaphragms communicating with each other
through said hollow stem. '
34. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber, means to supply
combustion fluid thereto, a valve controlling
sald fluid, means to control said valve differ-
entially by the pressures initial and terminal

thereto, yieldingly-acting means to establish

a differential pressure on the valve, and
means controlled by the pressure of the system
for automat:cally varying the force of said
differential. ' _

35. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber, means to supply
combustion fluid thereto, a valve controlling
said fluid and differentially controlled by the
pressures 1nitial and terminal to the valve,
means yieldingly aiding the terminal pres-
sure, and means controlled by the pressure of
the system for automatically augmenting
sald aid as the pressure increases.

36. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber, means to supply
combustion fluid thereto continuously under
pressure, a valve for maintaining a velocity
flow of said fluid, and electro-magnetic means

| controlled by the pressure of the system for

varying the force exerted on said valve.
37. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-

sure combustion-chamber, a valve control-

ling the flow of combustion fluid thereto, an
electro-magnet controlling said valve, and a

2

7Q

movable partition subject on one side to the

pressure of the system and on the other side
to a substantially-constant pressure for vary-
ing the resistance of the magnet circuit.

38. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber, means to supply
combustion fluid thereto, a valve eontrolling
the fluid flow and differentially controlled by
the pressures initial and terminal to the
valve, means exerting a yielding pressure on
the valve in aid of the terminal pressure, a
device for augmenting said aid, and a mov-

able partition subject on one side to the pres--

sure of the system and on the other side to a
substantially-constant pressure for control-

ling said device.

73

3o

39. In continuous combustion power-gen-

-erating apparatus, the combination of a pres--

sure combustion-chamber having inlets for
combustion fluids, oppositely-seating valves
controlling said inlets, an electro-magnet
having its coil attached to one of said valves
and 1ts armature to the other, and means
actuated by the pressure of the system for
controlling the circuit of said magnet. _
40. In continuous-combustion power-gen-

sure combustion-chamber, oppositely-seat-
ing valves controlling the flow of combustion
fluids thereto, one of said valves having a

ho'low stem, the other having a stem in-

95

-erating apparatus, the combination of a pres-

I10C

closed thereby, diaphragms connected with

sald stems and subject on opposite sides to

the pressures initial and terminal to the

valves, a solenoid having its coil attached to
the hollow valve-stem and its core to the
other valve-stem, and means controlled by
the pressure of the system for varying the
resistance of the solenoid circuit. |
- 41. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber having an inlet,
means to supply air and fuel through said
1inlet, an independent tangential-inlet to said
combustion-chamber, and means to supply a
combustion fluid through said tangential-
inlet, whereby a whirl of the two flows is es-
tablished. -

- 42, 'In continuous-combustion power-gen-

erating apparatus, the combination of a pres-

sure combustion-chamber, means for supply-
ing a combustion fluid continuously under
pressure thereto, and means for introducing
said fluid tangentially into the chamber.
43. In continuous-combustion power-gen-

| erating apparatus, the combination of a pres-
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sure combustion-chamber having a tangen-
tial-inlet, means for supplying a combustion
fluid through said inlet, a valve controlling
said inlet, and means for controlling said

valve differentially by the pressures initial
and terminal thereto. |

44. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber having a tangen-
tial-inlet, a conduit to supply combustion
fluid through said inlet, a valve controlling
the inlet, a movable partition connected with
the valve and having on one side a chamber
connected with said conduit and on the other
side a chamber receiving the pressure ter-

minal to the valve, and means yieldingly aid-

ing the terminal pressure on the valve.
45. In continuous-combustion power-gen-

erating apparatus, the combination of a pres-

sure combustion-chamber, inlets for the sup-
ply of combustion fluids thereto so arranged

“as to cross their flows, and a tangential-inlet

for the supply of combustion fluid to said
chamber. . ' o
46. In continuous-combustion power-gen-

erating apparatus, the combination of com-

bustion and ante-chambers, means to supply
air and fuel to said ante-chamber, an Inlet
from the ante-chamber to the combustion-
chamber, a second inlet arranged to direct 1ts
stream across that of the first-said inlet,

- means to supply combustion fluid through

35
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said second mlet, a tangential-inlet to the
combustion-chamber, and means to supply a
combustion fluid through said tangential-
iniet. '

47. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber having two inlets
supplying crossed streams, a tangential-inlet,
means to supply combustion fluid through
said inlets, three valves controlling the re-
spective inlets, and means controlled differ-
entially by the pressures initial and terminal
to said valves for controlling all three valves.

48. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber having a primary
inlet, means to supply air-and-firel mxture
through said inlet, a secondary inlet to the
combustion-chamber, and means to supply a
single combustion fluid or a mixture of com-
bustion fluids through said secondary inlet
at will. | :

49. In continuous-combustion power-gen-
erating apparatvs, the combination of a pres-
sure combustion-chamber, means to supply
air and fuel thereto, a tangential-inlet to said
chamber, a source of compressed-fuel supply

connected with said tangential - inlet, and

means to shut off said fuel supply at will.
- 50. In continuous-combustion power-gen-
crating apparatus, the combination of a pres-

sure combustion-chamber, means to supply a

primary flow of air and fuel thereto, an incan-

of the primary fluids.

855,726

descence igniter for said chamber, and means
to supply to said chamber a secondary cur-
rent of combustion fluid whose path inter-
cepts the igniter. I

51. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber, means to supply a

primary flow of air and fuel thereto, an 1gni-

tion-thimble having a salient presentation to

the interior of said chamber, mnéans for exter-
nallv heating said thimble, and means to sup-

ply to said combustion-chamber a secondary
stream of combustion fluid whose path mter-
cepts the ignition thimble and joins the flow

o

*

52. In continuous-combustion power-gen-

erating apparatiis, the combination of a pres-

sure combustion-chamhber, means to supply a
primary flow of air and feel thereto, an incan-

descence igniter for said chamber, a tangen-
tial-inlet to the chamber entering on the 1g-
niter, and means to supply combustion fluid

through said tangential-inlet. _

53. In continuous-combustion power-gen-
erating apparatus, the combination of a pres-
sure combustion-chamber, means to supply a

primary flow of air and fuel thereto, an mcan-

descence igniter for said chamber, a second-

niter, and means to supply at will through
said: inlet air or air-and-fuel muixture.
54. In continuous-combustion power-gen-

erating apparatus, the combination of com-

bustion and ante-chambers, a foraminous
partition separating the two, means to sup-

ing - chamber succeeding the combustion-
chamber, a water -jacket for said partition,
and means to circulate water 1n succession
through said jacket and cooling-chamber.

55." In continuous-combustion power-gen-
erating apparatus, the combination of com-

partition separating the two and having a

water-jacket, a cooling chamber succeeding

the combustion-chamber, a conduit connect-
ing said jacket with the cooling-chamber, and
means controlled by the temperature of the
output from said jacket for diverting the

output from said conduit.

56. In continuous-combustion power-gen-

erating apparatus, the combination of com-

bustion and ante-chambers, a foraminous
partition separating the two and. having a
water-jacket, a cooling chamber succeeding
said combustion-chamber, a compressor to
supply combustion fluid to said combustion-
chamber and having a water-jacket, and
means to supply water to said jackets and
from said jackets to the cooling-chamber.

- 57. In continuous-combustion power-gen-
erating apparatus, the combination of com-

‘bustion and ante - chambers, a foraminous

partition separating the two and having a
water-jacket, a chamber succeeding the com-

ary inlet to the chamber entering on said 1g--

ply air and fuel to said ante-chamber, a cool-

bustion and ante-chambers, a foraminous
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combustion fluid to said combustion-cham-
ber having a water-jacket, and means to con-

duct a water-supply through said jackets in

parallel and into the cooling-chamber.
58. In continuous-combustion power-gen-
erating apparatus, the combination of com-

bustion and ante-chambers, a foraminous -

partition separating the two and having a
water-jacket, a cooling chamber succeeding
the combustion-chamber, a compressor to
supply combustion fluid to the combustion-
chamber having a water-jacket connected
with the cooling-chamber, means to conduct
the output of the partition water-jacket to
the cooling-chamber, a pump to force the

‘compressor jacket-water into the cooling-

20

chamber, and means controlled by the tem-
perature of the output from the partition

jacket for diverting said output to the suction |

of sald pump. - _
- 59. In continuous-combustion power-gen-

erating apparatus, the combination of a pres-

sure combustion-chamber, a cooling-chamber
succeeding the same, a. comipressor to sup-

ply combustion fluid to said combustion-

chamber having a water-jacket, means to

30
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conduct the water from said jacket into the

coohng - chamber, and an overflow for the

disposal of surplus water from said jacket.
60. In continuous-combustion power-gen-

erating apparatus, the combination of com-

bustion and ante-chambers, a foraminous
partition separating the two and bhaving a
water-jacket, a cooling chamber succeeding

the combustion-chamber, a compressor to |

~ supply combustion fluid to the combustion-

1ndependently

40

§0

55

‘to the pump.

60

for suppl
c

" bustion-

65

chamber havin% a water-jacket, pumps for
orcing the two jacket sup-

lies 1nto the cooling-chamber, an overflow
or the compressor-jacket-water, a branch

conduit connecting the outlet of the parti-

tion jacket with the suction side of the com-
ressor-jacket pump, and means controlled

y the temperature of the water in said con-

duit for controlling the flow therethrough.

-61. In continuous-combustion power-gen-
erating apparatus, the combination of a |
- combustion - chamber having an inlet, a
‘water-jacket for said inlet, a cooling-cham-

ber, a pump supplied from said 1]&01«:{31; for

supplying the cooling-chamber and also hav-

Ing an independent supply, means to auto-
- matically divert said second supply from the
suction of the pump, and means controlled
- by the temperature of the jacket-water for |

e supply thereof'

automatically controlling t

62. In continuous-combustion power-gen-

S

j acket and cham-
ber to the cooling-chamber. =

63. In continuous-combustion power-gen-

erating apparatus, the combination of com-

bustion and ante-chambers, a foraminous
partition separating the two and having a,
water-jacket, a cooling chamber, a motor
supplied by the combustion - chainber, a

chamber heated by the exhaust of the motor,
means to conduct a water supply through
| sald chamber to the cooling-chamber, and

means to conduct the water from said jacket

to the cooling-chamber either direﬂ'tly or

through said exhaust-heated chamber.
64. In continuous-combustion power-gen-

‘erating apparatus, the combination of a com-

bustion-chamber, air and gas compressors

70
75
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to supply the same, means to effect a mix-

ture of the air and gas before entering the

combustion-chamber, means to automatic-

| ally release an excess of the mixture, and

means to return sald excess to the suctio

‘side of one of the compressors. '

~ 65. In continuous-combustion power-gen-
erating  apparatus, the combination of a
combustion-chamber, air and gas compress-.

ors for supplying the same, means to effect

Q0O

a mixture of the air and gas prior to the

combustion-chamber, means to automatic-
ally release an excess of the mixture upon

attainment of a predetermined pressure
thereof, and means to return the excess to

the suction side of the gas-compressor.
- 66. In continuous-combustion power-gen-
erating apparatus, the combination of a

93

100

combustion-chamber, means to supply fuel

and compressed air thereto, means to mix
sald fluids prior to the combustion-chamber,
and means for automatically diluting the
fuel-supply with the mixture upon the at-
talnment of a predetermined pressure of said

mixture.

105

67. In continuous-combustion power-gen-

erating apparatus, the combination of a

combustion-chamber, stage compressors for

supplying air and gas thereto having inter-

coolers, and means for establishing a flow

from the air-intercooler to the gas-inter-
cooler. . o
- 68. In continuous-combustion power-gen-

erating apparatus, the combination of a
combustion-chamber, stage compressors for
supplying air and gas thereto having inter-

coolers, means for establishing a flow from
the air-intercooler to the gas-intercooler,

means to automatically release the excess of

‘mixed. fluids, and means to return said ex-
| cess to the suction side of the gas-com-
. _ , ) . ‘pressor. - - S S

erating apparatus, the combination of com- |
~ bustion and cooling-chambers, a compressor-
ing combustion fluid to the com- |

69, In continuous-combustion power-gen-
-erating apparatus, .the combination of a
L nuld: | 1- | combustion-chamber, stage compressors for
e _ amber having a water-jacket, a'| '
. ‘chamber heated by the exhaust .of the mo-

tor, and means to conduct a water-supply

suipplying air and gas thereto having inter-

coolers, means for establishinig a flow from
1 the air-intercooler' to the gas-intercooler, a

] -
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branch conduit connecting with ‘the com-
pressed-gas conduit having a device for re-
leasing gas upon the attainment of a pre-

~determined pressure in said branch conduit,

and means to conduct the fluid released by
sald device to the suction side of the gas-
COINPressor.

70. In continuous combustion power-gen- |

erating apparatus, the combination of a
combustion-chamber, stage compressors for

supplying air and gas thereto having inter-

coolers, a conduit connection between said
intercoolers, means for releasing fluid from
the compressed-gas conduit to the suction
side of the gas-compressor upon the attain-
ment of a predetermined pressure in said

~ conduit, and means for varying the relative

20

capacities of the compressing units of the
respective £Ompressors.

71. In continuous-combustion power-gen-
erating apparatus, the combination of a
pressure combustion-chamber having an in-

855,726

let, means for supplying a mixture of air and

- fuel through said inlet, means for artificially

cooling said inlet by an extraneous fluid-flow,
and a resistance-valve controlling said inlet.

and differentially controlled by the pres-

sures mitial and terminal to itself.

25

72. In continuous-combustion power-gen-

erating apparatus, the combination of a
pressure combustion - chamber, a plurality
of independently-movable resistance-valves
controlling the flow of combustible toward

sald chamber, means for controlling said
valves differentially by the pressures initial

and terminal thereto, and yielding means

conjointly affecting the two valves in ald of

&

the terminal pressure.

30
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In testimony whereof I have affixed my '

signature, in presence of two witnesses.

EDWARD P. NOYES.
Witnesses: s | .

R. M. PieRrsoN,
‘A. C. RaTiean.
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