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This invention relates to heating systems and
it has among its objects theé proyision of an im-
proved heat generating and exchang.ng system,
and more particularly, a steam generator, in

§ which the fuel is burned under pressure in a

pressure-proof combustion chamber, and the en-

. ergy ireed by the combustion is conveyed to the

medium to be heated by causing the pressure in

the chamber to drive the combustion gases at

10 high velocity along heat exchange surfaces hold-
ing said medium.

A particular object of the invention is the pro-
vision of a novel steam generator in which a com-
bustible mixture is subjected fo combustion in a

15 pressure-proof combustion chamber at high
pressure and the pressure is utilized to drive the
combustion gases at high velocity along heat ex-
changing surfaces at which the heat of the com-
bustion gases is transferred to the liquid to be

20 heated for steam generation.

Through the use of heat systems and boilers
made according to the invention the.cost and
space requirements, as compared with the heater
systems and boilers in which the combustion

25 gages are passed along the heat exchange sur-
faces at low velocities, as at present, are greatly
reduced.

The foregoing and other objects of the inven-
tion will be best understood from the accom-

- 80 panying drawings, wherein

Fig. 1 is a diagrammatic sectional view through
a steam generatmg plant exemplyfymg the inven~
tion;

Fig. 2 is a horizontal sectxonal v1ew across the

35 front portion of the combustion chamber show-
ing the arrangement of the inlet and outlet
valves; ~

_ TPig. 3 is a detail sectional view through the bot-
‘ tom rear portion of the combustion chamber:

-40 showing the mounting of the heater tubes;

Fig. 4 is a diagrammatic sectional view through
a part of the combustion chamber illustrating an-
other form of the invention; and

Fig. 5 is a diagrammatic sectional view through

46 g steam generating plant illustrating a still fur-
ther form of the invention.

The broad features of the invention will be ex-
plairied  in connection with exemplifications
thereof in various forms of steam generating

60 plants although the- principles of the invention
are useful in many other applications.

In steam generators made according to the in-
vention the fuel or a combustible mixture formed

5 by the fuel“-is subjected to combustion under

L=,

pressure, or exploded, in' a closed combustion’

(CL. 122—24).

chamber. The combustion gases so obtained are
passed along heat exchange surfaces for heating
the boiler water or other medium to be heated,
the pressure in the combustion chamber being
utilized for imparting to the combustion prod- 60
ucts a high velocity, thereby increasing the heat
transfer to the heat exchange surfaces along
which they pass.

For reasons of manufacture, maintenance and
exchangeability of parts, it is important that in 65
the practical construction of steam generators
of the foregoing type the several parts thereof,
such as the combustion chamber, the heat ex-
change bodies for preheating and steam develop-
ment, the superheater, and the various regulating 70
devices, shall be constructed and arranged as
separate machine parts or units. Such construc-
tion, however, is made difficult through the re-
quirement that the combustion chamber and all
other parts which are in contact with the highly (]
heated combustion gases must be provided with ~ A
proper cooling. Since for various reasons trans-
fer of the heat to the walls is very large, only the
liquid itself that is to be vaporized can be- used
efficiently for'cooling, unless a special heat-carry- 80
ing liquid of high boiling point is used. Because

‘of the foregoing conditions™ the cooling .spaces

must be made a part of the steam generator it-
self- and must be able to withstand the pressure
of the steam that is to be generated, which is 85
usually very high. The cooling jackefs or casings
must accordingly be made of large wall thickness
and the connections of the individual cooling
spaces, as well as the removal of the steam gen-
erated in the individual cooling spaces, present 20
very great difficulties of design and operation.

According to the invention these difficulties are
avoided in steam generators of the type described
above by arranging all or the principal parts
which serve for the heat éxchange within the 98
walls of the combustion chamber itself. Thus,
for instance, the heat exchange surfaces for the
preheating and generating the steam in the water
as well as the superheater are disposed within the
interior of the combustion chamber and are so
arranged that no special cooling jackets are neces-
sary for the main parts of the combustion cham- -
ber. The inlet and outlet channels for the fluid
that is to be heated or converted into steam arc
furthermore so arranged that they constitute 105
cooling jackets at the portions of the heating de-
vices which are not provided with heat exchange
surfaces.

In Fig. 1 is shown an exemplification of the in-
vention as applied to a steam generating plant 110
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The plant comprises a separator drum 1 which is
filled with preheated water that is to be con-
verted into steam up to the level indicated. The
drum is provided with a steam dome 2 and has
the usual appurtenances, such as a water gauge
3 and a safety valve 4. Steam is taken off from
the drum by a steam outlet pipe 5. ‘

The water is heated and converted into steam
by means of a pressure proof compression or ex-
plosion-type combustion heater 6 shown in the
drawing below the drum 1. 'The principal part
of the heater arrangement is a pressure proof
combustion chamber 7 in which the combustion
mixture is burned or periodically exploded and in
which the energy developed by the combustion
is conveyed to the water for heating it and con-
verting it into steam. The combustion chamber
consists essentially of a cylindrical shell 8 having
a tapered front wall 9 terminating in an inlet
opening 10 which is arranged to be closed or
opened by an inlet valve 11 having an‘inlet cham-
ber 12 that communicates through a fuel feed

_pipe 13 with a combustible mixture supply source.

The tapered front wall portion of the combus~
tion chamber is surrounded by an outer casing 15.
A closed annular chamber 16 is thus formed
around the conical front wall 9 of the combustion
chamber, the annular chamber 16 serving as a
water inlet, as described hereinafter.
portion of the cylindrical shell 8 is provided with
an inwardly extending flange 17 and has secured
thereto a rear closure member 18 provided with an

annular hollow chamber 19 that serves as the

water outlet. A hollow rear cover 20 secured fo
the rear wall of the rear closure member 18 com-
pletes the combustion chamber, the hollow space
in the rear wall 20 communicating with the hol-
low annular chamber 19 through suitable chap-
nels 21.

Along the cylmdncal inner walls of the shell
8 of the combustion chamber is mounted a layer
of water tubes 25 as shown in detail in Fig. 3.
The front ends of the water tubes are tightly
secured in a series of annular holes at the base
9a of the conical front wall 9 adjacent the outer
shell 8, thus communicating with the water inlet
chamber 16 formed at the front end of the com-
bustion chamber. The rear ends of the water

~ tubes 25 are similarly secured in holes provided

in the inwardly projecting flange 17 of the shell
8 thereby communicating with the annular out-
let chamber 19 in the rear closure member 18.
Through each of the water tubes 25 there ex-
tends a second smaller tube serving as a gas con-
duit or nozzle 31 for discharging the gases of
combustion from the combustion chamber 7. The
gas conduits 31 are connected with their front
ends to an annular gas outlet chamber 32 pro-

_ vided within {he annular water inlet chamber 16.

The rear ends of the gas conduits or nozzles. are
secured within a series of annular nozzle shaped
inlet holes 33 dispesed at the rear side of the clo-
sure member 18 in alignment with the holes on
its front side which communicate with the open-
ings of the water tubes 25. In this way the gas
conduits or nozzles open directly into gas outlet

chamber 32 in the rear of the combustion cham--

ber 7.

From the gas ouitlet chamber 32 the gases are
let out through an outlet opening 35 which is
arranged to be closed and opened by an outlet
valve 36 as shown in Fig. 2, the gases being dis~
charged through an exhaust duct 37.

The water circulation between the boiler tank 1
and the heater 6 is secured by a system of pipes

The rear.

1,048,585 -

as shown in the drawings, Feed wafter may be
supplied to the separator drum 1 through a feed
water inlet pipe 41 opening near the bottom of
the drum into the water space. Through another
pipe 42 leading from the bottom of the drum 1

- preheated water is led through a circulating pump

43 into the water inlet chamber 16 of the heater,
the water flowing then through the chamber wa-

‘ter tubes 25 into the annular outlet chamber 19

from where it is returned through pipes 44 and
45 into the separator drum. The steam separates
and rises to the steam dome while the water is
recirculated. )

The operation of the arrangement shown in
Figs. 1 to 3 is as follows:

A combustible gas mixture is adxmtted into the
interior space of the combustion chamber 7
through the inlet valve 10. Af that time the out-
let valve 36 is in closed position. As soon as the
chamber is filled with the combustible charge, the
mixture is exploded as by means of suitable spark
plugs indicated at 49. Because of the limited com-
bustion space complete combustion will be effected
very rapidly, developing a high temperature and
pressure. The outlet valve 36 is then opened and,
because of the great pressure, the gases of com-
bustion are discharged with great velocity
through the -gas tubes or nozzles 31, giving up
their energy in the form of heat to the water in
the surrounding water tubes 25, the gases escapy
ing into the discharge duets 37. Thereupon a
fresh charge is admitted into the combustion
chamber 7 and the process is thus continuously
repeated. The operation of the inlet and outlet
valves and of the spark plug is controlled by
means of any well known control arrangement to
operate in sequence as described ‘above.

Efficient steam generation is obtelited by cir-
culating, by means of the circulating pump 43,
the water from the boiler through the water tubes
25, the water flowing in a thin layer adjacent the
surfaces along which the hot combustion gases
pass with great velocity. The water tubes 25 are
arranged close to each other so that the walls of
the combustion chamber are very effectively pro-
tected against the high temperature of the com-
bustion gases, thus eliminating the necessity of
special cooling of the outer walls of the combus-
tion chamber or their construction with the de-
gree of safety necessary for boiler tanks proper.

In the construction shown, the parts of the
combustion chamber which are not covered by the
water tubes, namely, the front and the rear ends,
are protected against overheating by arranging
the water inlet and outlet cha,mbers around these
parts.

In the arrangement of Fig. 1 there is also shown

‘& superheater for the steam in the form of a coil

pipe system 47 connected in the steam pipe 5.

-The superheater coil 47 is arranged in front of

the rear cover 20 of the combustion chamber.

In order to secure better utilization of.the heat
in the exhaust gases escaping through the outlet
or exhaust duct 37, the feed water may bé circu-
lated along the surfaces over which the expanded
exhaust gases of combustion pass. -Such pre-
heaters may also be built in into the combustion
chamber, forming a part of the protection of the
walls.

In Fig. 4 is shown an arrangement of the boiler
plant in which the feed water preheater is‘'made
as a separate unit. Only a part of the combustion
chamber 7 and the associated elements of the feed
water heater and. superheater are shown in this
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form of a separate unit 51 and comprises an elon-
gated tubular chamber 52 carrying between its
front wall 53 and its rear wall 54 a set of heater
pipes 55 forming discharge nozzles for the gases
from the combustion chamber 7. The gases es-
cape through an outlet chamber 56 into an ex-
haust duct 57, a valve 58 controlling the discharge
of the gases in a way similar to the outlet valve
36 of the main combustion chamber 7. At the
rear end of the combustion chamber 7 is mount-
ed a superheater chamber 59 which communi-
cates with the combustion chamber and holds a
set of superheater coils 60. The walls of the su-
perheater chamber 59 are provided with hollow
spaces 61 for the feed water which is admitted
into the preheater chamber 52 through the inlet
62 near one end of the chamber and flows from
the outlet 63 into the hollow spaces 61 within the
walls of the superheater chamber. - In this way
the feed water may be preheated till near the
temperature of evaporization before sending it to
the water tubes 25 of the steam generating and
combustion chamber 7. )

The outlet valves for releasing the gases pro-
duced by the combustion in the combustion cham-
ber 7 of Fig. 4 are arranged at the outlet ends
of the gas discharge pipes -or nozzies 31 and 55,

- yespectively. - This has an advantage over an ar-

rangement in which the discharge valve is placed
at the outlet from -the combustion chamber
proper before the inlet into the discharge pipes,
because it gives a simple construction without
impairing the operating efficiency. This is due

to the fact that the volume of the heater pipes:

is relatively small compared with the volume of
the combustion chamber proper so that the pres-
sure conditions- during the combustion are by
this arrangement in no way detrimentally af-
fected.’ :

A particular advantage of this arrangement
of the outlet valves at the end of the gas heating
pipes is due to the fact that the gases streaming
through the valve are already relatively cool,
having giveri up most of the heat to the water
surrounding the heater tubes. Accordingly, no
special cooling jackets or water connections are
needed around the outlet valves.

In the a.rra.ngementvi)f Fig. 4 the part of com-
bustion gases which goes into the preheater 51
passes first through the superheater coils 60 as
shown, the superheater chamber forming thus an
inlet space for the preheater. '

In Fig. 5 is shown a somewhat modifled ar-
rangement of a boiler plant embodying the prin-
ciples of my invention. The superheater pipes
80 are arranged in a superheater chamber T1 at

the end of the combustion chamber similar to the.

construction shown in Fig. 4. The feed water
preheater is arranged as & separate unit 72 like
the preheater 51 of Fig. 4. A special preheater
jacket 73 is also arranged around the main com-
bustion chamber 7 to additionally preheat the
feed water. The feed water or the circulating
water is delivered into the preheater jacket 73
through a pipe 74, and after passing through the
jacket, it. flows through a pipe 75 into the pre-

heater 72 from whence it flows through the con- .

necting conduit 76 into the water inlet chamber
16 of the combustion chamber 7. The water,
after passing through the tubes 25 where the
steam is generated, is then conveyed to the sep-
arator drum.1 where the steam separates.

In this construction the combustion gases ail
pass through the annularly arranged gas tubes 31
into the gas outlet space 32 of the combustion

chamber and from there they are conveyed into
the gas inlet space 78 of the preheater, passing
then through the preheater gas pipes:55 and the
outlet valve 79 to the exhaust duct 80.

The present invention is directed only to the

features of my invention disclosed and claimed

herein involving the special arrangements of
fluid and gas discharge ducts and the combina-

tion of the combustion chamber with the gas dis-

charge ducts and the valves for controlling their
periodical discharge. The novel apparatus for
and methods of steam generation disclosed above
in connection with the exemplifications of my
invention embody many other novel features for
causing high temperature compressed combus-
tion gases to discharge at high velocity over a
small evaporator structure and generate steam
at a high rate as described and claimed in my
copending applications, Serial No. 333,453 filed
January 18, 1929, Serial No. 640,025 filed October
28, 1932, Serial No. 343,746 filed March 1, 1929,
Serial No. 414,428 filed December 16, 1929, Serial
No. 419,026 filed January 7, 1930, and Serial No.
558,260 filed August 20, 1931, :

Many other modifications of the invention will
suggest themselves to those skilled in the art and
I accordingly desire that the appended claims be

80
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given a broad construction commensurate with -

the scope of the invention within the art.

I claim:

1. A steam generator comprising a closed, pres1
sure-proof combustion chamber, means for sub-
jecting a combustible mixture to combustion in
said chamber to produce therein combustion gases
of high temperature and high pressure, a heat
exchanger having heat exchange surfaces in the-
form of duct means connected to said chamber
and so arranged relative thereto that the high
pressure of the produced combustion gases in said
chamber imparts to said gases a high velocity
tiirough said duct means at which the major por-
ticn of the heat present in the produced com-
bustion gases is transferred through said heat

exchange surfaces while they flow at high veloc-

ity, and means for cooling said combustion cham-
ber comprising a set of fluid conduits of relatively
small cross-section carrying a steam generating

fluid to be heated by said duct means and gen--

erate steam said fluid conduits being arranged in
a layer over the surface of said chamber to divert
the combustion gases from the walls of said
chamber and to direct them to said duct means.

2. A steam generator comprising a combustion
chamber, means for . subjecting a combustible
mixture to combustion in said chamber to pro-
duce therein combustion gases of high tempera-
ture and high pressure, a8 heat exchanger having

‘heat exchange surfaces in the form of duct means

connected to said chamber and so arranged rela-
tive thereto that the high pressure of the pro-
duced combustion gases in said chamber imparts
to said gases a high velocity along said ‘duct
means at which the major portion of the heat
preserit in the produced combustion gases is
transterred through said heat exchange surfaces
while they flow at high velocity, and means for
cooling said combustion chamber comprising &
set of conduits of relatively small cross-section
carrying a fluid to be heated and arranged in a
layer over the surface of said chamber, said duct
means extending through the interior of; said

- conduits to deliver to the fluid in said conduits’

the heat given up by the gases flowing through
said duct means at high velocity. » ’
3. In a steam generator, & pressure—prpof com-
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bustion chamber, means for subjecting a com-

-bustible mixture to combustion in said chamber

to produce therein combustion gases of high tem-
perature and high, pressure, a heat exchanger
having fluid conduits of relatively small cross sec~
tion holding a steam generating fluid and dis-
posed in said chamber as heat protection for the
walls thereof, and heat exchange duct means ex-
tending through said fluid conduits and connected

to said chamber to cause the high pressure of
the produced combustion gases in the chamber.

to impart to said gases a high velocity through
said duct means sufficient to transfer during the
flow the major portion of the heat present in
the produced combustion gases to the surrounding
fluid in said conduits.

4. In a steam generator comprising a combus-
tion chamber, means for periodically exploding
a combustible mixture in said chamber to pro-
duce therein combustion gases of high tempera-

. ture and higher pressure than said combustible

) 25
30
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mixture, a heat exchanger having heat exchange
surfaces in the form of ducts connected to said
chamber and so arranged relative thereto that
the high pressure of the produced combustion
gases in the chamber imparts to said gases a
high velocity through the interior of said ducts
at which the major portion of the heat present
in the produced combustion gases is transferred
through said heat exchange surfaces while they
flow at high velocity, and tubular conduits sur-
rounding said ducts and holding arocund them a
fluid to be heated, said conduits and ducts ex-
tending through the interior of said combustion
chamber and constituting a layer over the sur-
face thereof to protect the chamber walls against
heat.

5. In a steam generator, a pressure-proof com-
bustion chamber, means for periodically explod-
ing a combustible mixture in said chamber to
produce. therein combustion gases of high tem-
perature and higher pressure than said combus-
tible mixture, a heat exchanger having a set of
fluid tubes extending through the interior of said
chamber along the walls thereof cooling the same,
means for passing a fluid to be heated through
said tubes, and a set of relatively narrow, gas dis-
charge pipes extending through said ﬁﬁid tubes

‘and connected to said chamber to cause the pres-

sure produced by the explosion of the combus-

‘tible mixture in said chamber to impart to the

combustion gases a high velocity through the
interior of said pipes sufficient to transfer during
flow the major portion of the heat present in
the combustion gases to the ﬂuid in the sur-
rounding fluid tubes.

6. A steam generator compnsmg a pressure-
proof combustion chamber, means for periodi-

cally exploding a combustible mixture in said

combustion chamber to produce therein combus-
tion gases of high temperature and higher pres-
sure than said combustible mixture, a heat ex-
changer having a set of fluid tubes extending
through the interior of said chamber along the
walls thereof cooling the same, means for pass-
ing a steam generating fluid through said tubes,
and a set of relatively narrow gas discharge pipes
extending through said fluid tubes and connected

to said chamber to cause the pressure produced

by the explosion of the combustible mixture in
the chamber to impart to the combustion gases

' . a high velocity through said pipes sufficient to
“transfer during flow the major portion of the heat

in the gases to the fluid in the tubes surrounding
said discharge pipes to generate steam.

1 948,585

7.In g steam generator, a combustion chani-
ber, means for periodically exploding a combus-
tible mixture in said chamber to produce therein
combustion gases of high temperature and higher
pressure than said combustible mixture, a heat
exchanger having heat exchange surfaces in the
form of duct means having at one end inlets di-
rectly opening into said chamber and at the other
end closable outlets for discharging gases of com-
bustion passing from said chamber through said
duct means, and enclosure means surrounding
said duct means arranged to pass a fluid to be

-heated therearound,; said duct means being so

arranged relative to said combustion chamber
and associated elements that upon opening of
said outlets after an explosive combustion, the
high pressure of the produced combustion gases
will impart to said gases a high velocity through
said duct means at which the major portion of
the heat present in the produced combustion
gases is transferred to the surrounding fiuid to
generate steam while they flow w1th high ve-
locity.

8. In a steam generator, a pressure-proof com-~
bustion chamber, means for periodically explod-
ing a combustible mixture in said chamber to
produce therein combustion gases of high tem-
perature and higher pressure than said combus-
tible mixture, a heat exchanger having-heat ex-
change surfaces in the form of duct means hav~
ing at one inlet openings directly communicat-
ing with said chamber and outlet openings at
the other end, and enclosure means surrounding
said duct means arranged to pass a steam gener-
ating fluid to be heated therearound, valve means
at said outlet openings for releasing gases of
combustion from said chamber through said duct
means, the area and volume of said duct means
being so chosen relative to said combustion cham-
ber and associated elements that upon opening
of said valve means after an explosive com-
bustion the high pressure of the produced com-
bustion gases will impart to said gases a high
velocity through said duct means at which the
major portion of the heat present in the pro-
duced combustion gases is transferred to the sur-

.rounding fluid to generate steam while they flow

with high velocity.
9, In a steam generator, a pressure-proof com-
bustion chamber, means for periodically explod-

ing a combustible mixture in said chamber to-

produce therein combustion gases of high tem-
perature and higher pressure than said com-
bustible mixture, -a heat exchanger having heat
exchange surfaces in the form of a plurality of
relatively narrow gas discharge pipes with in-

lets at one end opening directly into and in com-.

municatien with said chamber and outlets at the
other end, and enclosure means surrounding said
duct means arranged to pass a steam generating
fluid to be heated therearound, valve means for
said outlets for releasing gases of combustion
from said chamber through said discharge pipes,
the area and volume of said discharge pipes be-
ing so:.-chosen in relation to said combustion
chamber and the associated elements that upon
opening of said valve means after an explosive
combustion. the high. pressure of the produced
combustion gases will impart to said gases a
high velocity through said ‘pipes at which the
major portion of the heat present in the pro-
duced combustion gases is transferred to the sur-
rounding steam generating fluid to generate
steam while said gases flow with high velocity.

10. In g steam generator, a combustion cham-
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ber, means for periodically exploding a combus~
tible mixture in said chamber to produce therein
combustion gases of high temperature and high-
er pressure than said combustible mixture, a
heat exchanger having heat exchange surfaces
in the form of duct means having at one end
inlets directly opening into said chamber and at
the other end outlets for discharging gases.of
combustion passing from said chamber through
said duct means, said duct means being so ar-
ranged relative to said combustion chamber and
associated elements that upon opening of said
outlets after an explosive combustion, the high

pressure of the produced combustion gases will

impart to said gases a high velocity through said
duct means at which the major portion of the
heat present in the produced combustion gases
is transferred through said heat exchange sur-

faces while they flow with high velocity, and

conduits surrounding said duct means for carry-
ing a liquid to be heated by contact with the
surfaces of said duct means, said conduits with
said duct means éxtending through the interior
of said combustion chamber. . -

11. In a steam generator, a combustion cham-
ber, means for periodically exploding a com-
bustible ‘mixture in said chamber fo produce
therein combustion gases of high temperature
and higher pressure than said combustible mix-
ture, a heat exchanger having heat exchange sur-
faces in the form of a plurality of relatively nar-

row gas discharge pipes with inlets at one end-

opening directly into and in communication with
said chamber and outlets at the other end, valve
means for said outlets for releasing gases of com-
bustion from said chamber through said.dis-
charge pipes, the area and volume of said dis-
charge pipes being so chosen in relation to said

* combustion chamber and the associated elements

that upon opening of said valve means after an
explosive combustion, the high pressure of the
produced combustion gases will impart to said
gases a high velocity through said pipes at which

. ‘the major portion of the heat present in the pro-

duced combustion gases is transferred through

" the surfaces of said discharge pipes while said

50
8
60
L1
70
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gases flow with high velocity, and tubes sur-

rounding said gas discharge pipes and carrying

around said pipes a steam generating fluid to be
heated by said gases and generate steam, said
tubes with the gas discharge pipes in the interior
thereof extending through the interior of said
combustion chamber along the walls thereof,
cooling the same, ] : )
12. A steam generator comprising a combustion
chamber having an outlet space at one end there-
of, means for subjecting a combustible mixture
to combustion in said chamber, a first enclosure
around the outlet end of said combustion cham-
ber for carrying fluid to be heated, a second
enclosure around the opposite end of said com-
bustion chamber for carrying fluid to be heated
for generation of steam, gas outlet duct means
associated with said second enclosure. a plurality
of Auid tubes extending through the interior of
sald combustion chamber and opening at their
ends into said enclosures to carry fluid to be
heated between the same, said tubes being ar-
ranged along the interior walls of said combustion
chamber and constituting a heat protecting
screen therefor, and gas- discharge pipes extend-
ing through said tubes and connected between
said gas outlet space in said combustion chamber
and said outlet duct to discharge gases of com-
bustion from said chambei through said pipes,

5

13. A steam generator comprising a combus-
tiont chamber having an inlet and an outle; end,
an enclosure around said inlet end of said com~
bustion chamber constituting a fluid inlet cham-
ber, an enclosure around the outlet end of said
combustion chamber constituting a -fluid outlet
chamber, a plurality -of fluid tubes extending

80

along the walls of said combustion chamber and

opening at their ends into said fluid inlet and
outlet chambers respectively, & gas ouflet duct
associated with said fluid inlet chamber, & set of.
gas pipes extending through the interior of said
tubes and opening at one end into the outlet end
of said combustion chamber and at the. other
end into said gas outlet duct, means for subject-
ing a combustible mixture to combustion in said
chamber and for discharging the gases of com-
bustion through said gas pipes, and means for
circulating a vapor-generating fluid through said
tubes in the direction from said fluid inlet cham-
ber to said fluid outlet chamber.

" 14, A steam generator comprising a combus~-
tion chamber having an inlet and an outlet end,
an enclosure around said inlet end of said com-
bustion chamber constituting a fluid inlet cham-
ber, an enclosure around the outlet end of said
combustion chamber constituting a fluid outlet
chamber, a plurality of fluid tubes extending
along the walls of said combustion chamber and
opening at their ends into said-fluid inlet and
outlet chambers respectively, a gas outlet duct in
said fluid inlet chamber, a set 'of gas pipes ex-.
tending through the interior of said tubes;and
opening at one end into the outlet end of said
combustion chamber and at the other end into
said gas outlet duct, means for subjecting a-
combustible mixture to combustion in said cham-
ber and for discharging the gases of combustion
through said gas pipes, and means for impelling
a vapor-generating fluid, through said tubes in
the direction from said fluid inlet chamber to said .
fluid outlet chamber to generate steam through
heat transfer from said gases, said gas pipes and
associated elements being so arranged with re-

.spect to said combustion chamber that the pres-

sure of the produced combustion gases in the
chamber imparts to sald combustion gases a high
velocity through said gas pipes at which the
major portion of the heat present in the produced
combustion gases is transferred through said
pipes to the fluid flowing there around in said
tubes. . .

15. In a steam generator, & pressure-proof .
combustion chamber, means for subjecting a
combustible mixture to combustion in said cham-
ber to produce therein combustion gases of high
temperature and high pressure, a heat exchang-
er having fluid- conduits of relatively small cross
section holding a steam generating fluid and dis-
posed in said chamber as heat protection for the
walls thereof, a steam separator vessel, means for
impelling a steam generating fluid through said
fluid conduits into said separator vessel to sep-
arate steam from the fluid, and heat exchange
duct means extending through said fluid con-
duits and connected to said chamber to cause the
high pressure of the produced combustion gases
in the chamber to impart to said gases a high
velocity through -said duct means sufficient to
transfer during the flow the major portion of
the heat present in the produced combustion
gases to the surrounding fluid in said conduits to
generate steam therefrom.

16. A steam generator. comprising a pressure-

proof combustion chamber, means for periodi-
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cally exploding a combustible mixture in said
combustion chamber to produce therein combus-
tion gases of high temperature and higher pres-
sure than said combustible mixture, a heat ex-
changer having a set of fluid tubes extending
through the interior of said chamber along the
walls thereof cooling the same, a steam separator
vessel, means for impelling a steam generating
fluid through said fluid conduits into said sep-
arator vessel to separate steam from the fluid,
and a set of relatively narrow gas discharge pipes
extending through said fluid tubes and connected
to said chamber to cause the pressure produced
by the explosion of the combustible mixture in
the chamber to impart to the combustion gases
a high velocity through said pipes sufficient to
transfer during flow the major portion of the
heat in the gases to the fluid in the tubes sur-
rounding said discharge pipes to generate steam
therefrom, ) :

17. A steam generator comprising & combus-
tion chamber having an inlet and an outlet end,
an enclosure around said inlet end of said com-
bustion chamber constituting a fluid inlet cham-
ber, an enclosure around the outlet end of said
combustion chamber constituting a fluid outlet
chamber, a plurality of fluid tubes extending
along the walls of said combustion chamber and
opening at their ends into said fluid inlet and
outlet chambers respectively, a gas outlet duct in
said fluid inlet member, a set of gas pipes ex-
tend'ng through the interior of said tubes and
opening at one end into the outlet end of said
combustion chamber and at the other end into

_said gas outlet duct, means for subjecting a com-

bustible mixture to combustion in'said chamber
and for discharging the gases of combustion

Y

1,048,585

through said gas pipes, a steam separator vessel,
and means for impelling a vapor-generating fluid
through said tubes in the direction from said
fluid inlet chamber to sald fluid outlet. chamber
and therefrom into said separator vessel, to con-
vert the fluid into steam in said, tubes and to

80

separate the generated steam from the fluid in

said separator, said gas pipes and associated ele-

ments being so arranged with respect to said
combustion chamber that the pressure of the
produced combustion gases in the chamber im-
parts to said combustion gases a high velocity
through said gas pipes at which the major por-
tion of the heat present in the produced com-
bustion gases is transferred through said pipes
to the fluid flowing therearound in said tubes.

18. In a steam generator, a pressure-proof -

combustion chamber, means for subjecting a
combustible mixture to combustion in said cham-
ber to produce therein combustion gases of high
temperature and high pressure, a heat exchang-
er having fluid conduits of relatively small cross
section holding a steam generatihg fluid and dis-
posed in said chamber as heat protection for the
walls thereof, heat exchange duct means extend-
ing through said fluid conduits and connected
to said chamber to cause the high pressure of
the produced combustion gases in the chamber
to impart to sa‘d gases a high velocity through
said duct means sufficierit to transfer during the
flow the major portion of the heat present in the
produced combustion gases to the surrounding
fluid in said conduits, and superheater tubes ex-
tending through the interior of said combustion
chamber,
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