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This invention relates to steam generators and

it has among its obkjects the provision of a novel
steam generator in which a compressed com-
bustible charge is subjected to explosive com-

bustion in a pressure-proof combustion chamber

‘and the resulfing high pressure head is chiefly

applied for imparting to the hot combustion

.gases high velocities through heating ducts of an
evaporator holding a steam generating liquid,

such as water, to secure by high heat transfer
and with small heating duct cross sections a high

- rate of steain generation.
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view through a steam generator embodying one’
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A further object of the invention is utilization
of the remnant pressure and energy of the cooled’

combustion gases discharged from the heating
ducts for impelling & gas turbine and applying
" the gas turbine for driving a compressor which

compresses the charge supplied to combustion

chamber,

The boiler plants for modern steam turbine
stations cost about 60% - of the whole plant.
Through the use of high velocity heat exchange
and the explosion type combustion, it is possible
to redice all the dimensions of the boiler plant
to only a fraction of that required at present,
thus effecting an unusually great saving in the
space and the costs of boiler plants.

Even greater advantages are obtained through ‘
- the application of the new steam generator of my
invention on board of ships or on locomotives

and similar vehicles.

On the shipboard, for in-

stance, especially on cruisers or other war ships,
- the great reductions in the space and weight oc-

cupied by the boiler plant have enormous value

because they enable increase of the loading ca~

pacity, armament, radius of action, etc., to values

_'which heretofore could not be reached

The foregoing and other objects of the inven-
- tion will be best understood from the following
- description of exemplifications théreof, refer-
ence beinz had to the accompanying drawings,

~wherein

‘Fig. .1 is a diagrammatic vertical sectional

torm

MgZisaviewsimila.rtoFlg lembodying

‘another form of the invention;

Fig. 3 is a horizontal diagrammatic view of a
steam generator as shown in Fig. 2 with auto- .
matic control of the combustion cycles; 5

Pig. 4 is a view similar to Fig. lembodyinga -
further form of the invention; and

Fig. 5 is a detail sectional view of the heating
nozzle inlet mounting of Fig. 4. -

Combustible charges such as mixtures ot a.ir 10
and atomized fuel, or mixtures of air and acom->
bustible gas, or 'a combustible ‘gas, burn or ex-
plode much quicker and with. greater temperas=
tures in closed vessels under increase of pressure
than in open spaces at atmospheric pressure. j5
Thus, for instance, relatively large combustion .
spaces are required for the open-fire chambers of
steam boilers in order to give “the mixture the
required time for complete combustion and to .
prevent the escape of unburnt parts of the mix- g
ture. On the other hand, fuel, such as gas, oll,
coal powder, and similar finely distributed ma-
terials, will burn or explode in closed combus-
tion chambers in a fraction of a second. The . |
size of the combustion chamber space In such g5
cases does not depend any more on the time re-
quired for effecting complete combustion, but

_merely on the quantity of the combustible mix-

ture used for each ‘explosive cycle.

The present invention utilizes this phenome- 3¢
non of quick combustion in & closed space under
increase of pressure” for steam generators, caus-
ing the fuel, such as gas, oil, carbon dust, or the
like, to explode or burn in closed’ combustion
chambers and applying the heat released during 35
the combustion in & special way for the genera-
tion of steam.
~ The transfer of heat by a gaseous medium de- i
pends to a high degree on its density-and its ve-
locity of flow. A much greater heat transfer 40
is obtained if the heat-carrying medium passes

.across the heat exchange surface at high ve-

locity. According to tHe invention this is taken
advantage of by utilizing the increase of pres-
sure, produced by the combustion in the closed

'S

5

..combustion chamber, for impa.rtmg to the gases

'of combustion a high streaming velocity-across
the héat exchange surfaces of an evaporator so
that relatively small heat exchange surfaces sre
sufficient for transferrifig the heat set free by

‘the combustion to the water tha.t is to be evapo=-
rated.

The increase of the velocity of the gases is
made as large as practically feasible and the 55
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gases are discharged with velocities which may
even exceed the velocity of souhd.

In accordance with the invention the pressure
conditions in the combustion chamber, the di-
mensions of the gas discharge tubes and the
entire system are so designed and chosen as to
cause the gases of combustion to pass adjacent the

- heat exchange surfaces of the evaporator tubes
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with a velocity near 300 meters per second, or,
in general, with velocities of about 200 meters per
second or more, mcludmg velocities above 150
meters per second.

The principles of the invention will be best
understood by reference to its exemplifications
shown in the drawings.

In Fig. 1 is shown a vertical steam generator
comprising a steam collector drum 1 which is
filled with water up to the level indicated in the
drawings. On the top of the drum is disposed a
steam dome 2 from which the steam may be
taken off through a steam outlet pipe 3. A

_ safety valve 4 and a water gauge 5 of familiar
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construction are provided on the drum. Under-
neath the drum is mounted the heat generation

and evaporator apparatus arranged and operat- .

ing in the novel way pointed out before. This
apparatus consists of a closed :pressure-proof
combustion chamber 11 which is charged with
a combustible charge through the feed pipe 12
connected to the bottom of the combustion cham-
ber by an inlet valve 13. This inlet. valve, as
shown in the drawings, may be automatically
held in closed position, as by means of a spring
14, the seat arrangement being such that under
higher inner pressure in the combustion cham-
ber 11, the valve is held against its seat in closed
position. The inlet valve 13 is arranged to admit
fresh combustible mixtures at the end of each
explosion or combustion period to the combustion
chamber 11, this admission being effected by suit-
able control of the valve, for instance, through a
cam 15 acting on the push rod 16 of the valve,
the cam being actuated by a motor driven shaft
17 or in some other suitable way to secure a pe-
riodical action of the valve 13.

The combustible charge is suitably supplied to
the feed pipe 12, any suitable means being used
for this purpose, for instance, any of the usual
means for mixing liquid or gaseous fuels with
air such as are employed in explosion engines
or gas turbines may be applied. A compressor
serves to compress the charge and to admit it in
compressed condition to the combustion chamber
11. This compression of the charge may by it-
self be used to control the admission of the charge
to the combustion chamber in which case the
control of the valve 13 through a eam 15 is
omitted, the fuel charge being admitted into the
combustion chamber after the charging pressure
has risen to a sufficiently high value to overcome
the pressure which holds the valve 13 on its seat.

A plurality of nozzle-like heater tubes or
nozzles 21 are connected to the tapered outlet
portion 20 of the combustion chamber. These
heater tubes or nozzles 21 serve as heat exchange

- surfaces and terminate in the narrcw end of a

tapered exhaust duct 22 extending through the
collector drum 1 for discharging the gases. The
combustion chamber 11 and the heater pipes 21
are surrounded throughout their length with
tubular water jackets 25, 26, respectively, which
lead infto the collector drum 1. Water is circu-
lated through the jackets along the walls of the
combustion chamber 11. and the heater nozzles
21 by a return duct 27 which is connected between

drum 1 and the lower part of the water jacket
25 surrounding the explosion chamber. Feed
water may be admitted through a feed water inlet
28 connected to the return duct 27.

Ignition of the combustible charge in the com-
bustion chamber 11 is effected by spark plugs 28
provided in the chamber. The explosion periods
are suitably controlled by familiar means such
as used in explosion engines or turbines to ignite
the charge.

The operation of the steam generator as shown
in Fig. 1 is as follows:

A combustible charge is admitted under an
initial pressure into the combustion chamber 11
through the inlet valve 13 and the valve is closed.
Thereupon the charge is ignited by the spark
plugs 29, The charge undergoes a brief ex-
plosion-like combustion and the resulting increase
of the pressure of the produced hot combustion
gases drives the hot combustion gases with great
velocity through the narrow nozzle-like heater
tubes 21 into the exhaust duct 22. The hot com-
bustion gases acquire thus great velocity and the
internal heat and kinetic energy of the outflowing
gases are given up to the heat exchange surfaces
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of the heater tube walls, the kinetic energy being ,

given up in the form of friction losses or fric-
tion heat. Upon the termination of the outflow
of the combustion gases, a fresh combustible gas
charge is admitted and the process is repeated
Where the fresh charge is admitted in compressed
form without the use of a special control of the
inlet valve 13 by means of the cam 15, the fresh
charge is admitted as soon as its charging pres-
sure exceeds the pressure in the interior of the
combustion chamber, thus automatically opening
the inlet valve 13, at the appropriate moment,
this process likewise repeating itself periodically.

Because of the small cross section of the heater
tubes 21 and the resulting high flow resistance,
it is possible to maintain a sufficient charging
pressure without providing an outlet valve at the
outlet end of the tubes 21.

‘The heat delivered to the walls of the combus-
tion chamber and of the heater tubes 21 is con-
veyed to the water for steam generation. The
heated water passes with high velocity over these

-heating surfaces, the jackets around the combus-

tion chamber and the heater tubes being shaped
to cause the water to flow in a thin layer closely
to the surfaces which are heated. The circula-
tion of the water is produced by the difference of
the weight of the lght body of water filled with
steam bubbles flowing upwardly around the sys-
tem of heater tubes 21 within the jackets 25 and
26, and the colder bubble-free heavier water
returning downwardly through the left-hand re-
turn pipe 27 to the bottom of the combustion
chamber jacket 25. The generated steam sepa-
rates from the water in the upper drum 1 and
accumulates in the top portion thereof.

Figs. 2 and 3 show a modification of the steam
generator of the invention. It comprises a large
pressure-proof tank 31 filled with water up to
level line 32. A water gauge 33 and a -steam dome
34 with a safety valve 35 and a steam outlet 36
are arranged on the top portion of the tank.

In the interior of the tank are provided one or
more tubular water guiding jackets 41. Within
each jacket 41 is mounted a combustion chamber
42 arranged similarly to the combustion chamber
11 of Fig. 1. A plurality of spark plugs 43 mount-
ed on the surface of the combustion .chamber
serve for igniting the combustible charge. An
‘nlet valve 44 controls the inlet of the combustibl~
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charge into the chamber 42. A set of heater tubes
or nozzles 45 surrounded by water extends from
the interior of the combustion chamber and may,
like in Mg. 1, open directly into the chamber,
the fiow resistance in the tubes being sufficient
to maintain the charging pressure in the cham-
ber. ‘ -

 Where higher charging pressure is desired, a
gas outiet chamber 46 may be provided at the
outlet end of the chamber, with an outlet valve
47 which is normally closed and opens only to dis-
charge the gases from the chamber. The heater
tubes or nozzles 45 extend in an annular row in
front of the outlet chamber, being confined be-

tween the outer guiding jacket 41 and an inner

guiding jacket 48 for guiding the water along the
heater tubes. The inner jacket wall 48 forms &

and open the outlet valve 46.

The outlet ends of the heater tubes 47 open into
an exhaust space 51 in the form of & gas tur-
bine which has 2 turbine rotor §2 with a blade
system 52 into which the cooled combustion gases
discharged from the heater tubes are directed by
& stationary blade system 5¢. From the turbine

rotor 52 the exhaust gases ere discharged into

the stack 55. The, turbine rotor 52 is coupled to
s compressor 5§ by means of which the air with
fuel substances admixed thereto or the gas mix-
ture used for combustion is compressed. The
cbmpressed air or the gas mizture Is received at
the inlet 57 of the compressor and is delivered
from the outlet 58 through o feed pipe 58 to the
inlet valve 44 of the combustion chamber 42,

In some cases enough heat remains in the gases

escaping from the exhaust turbine for utilization -

to preheat the feed water, and suitable water
heaters may be arranged for this purpose in the
exhaust space 8s indicated at 81.

In the foregoing arrangement the fuel or fuel
mixture may be compressed by the compressor
56 and sent through the pipe 59 to the inlet valve
44 of the combustion chamber 42; or, only com-~

- pressed air may be delivered through the pipe 59,
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and the fuel, such as oil, injected into the com-
pressed air while or after it is discharged into.
the combustion chamber 42, by providing, for in-
stance, a fuel pump which delivers the tuel at the
inlet valve 44 into the combustion chamber.

" 'The use of a gas turbine for driving the com-
pressor is extremely economical because the gas
turbine is driven by gases, which have. already
given up the greatest part of their heat, but still
retain a substantial amount of energy in the
-form of velocity, heat and pressure. By the ex-
pansion of these gases and delivering their power.
in the gas turbine, the gases are deprived of their.
entire energy content. The energy (heat) which
is converted by the gas turbine into compression
work goes, but for the small losses due to bear-
ing friction, back to the heat cycle of the steam
generator in the form of compression heat.
Through the expansion, and the working in the
gas turbine, the hot gases are cooled to a very
low temperature. If any heat is still left in the
gases, additional heater surfaces 61 may be pro-
vided which deliver the remnant heat to the feed
water of the generator. ’ :

The gas turbine may be operated as an explo-
sion gas turbine in which the gases are

discharged
against the wheel in the form of & series of im- -

pulses, that is, with variable pressure and heal

drops, or it may also be arranged for operation::

as a constant pressure turbine by accumulating
the gases in the space-in front of the turbine

inlet blade system 54, to equalize their pressure

"and then dischdrging the gases with constant

pressure into the blades. ) .
-To secure effective heat transfer from the high
velocity gases flowing at high velocity through
heater tubes 45, the outer guiding jocket 41 and
the inner guiding jacket 48 are shaped to cause
{he water to flow in a thin layer along the heat-
ed surfaces. Sufficient water circulation is main-
tained by providing in an opening 65 in the low-
er front portion of guide jacket 41 a pump 67
which pumps water from the bottom of tank 31
and drives it in & thin layer along the outer heat
exchange surfaces of the combustion chamber 42
and the heater tubes 45, discharging the water
with the steam admized thereto into a dfum 86

‘from which the water steam mixture is returned

through pipes 21 into the upper space of tank 31
where the steam separates from the water. The
circulation pump 67 may be driven by an electric
motor 68, or in some other suitable way.

The operation of the steam generator is simi-
Iar to that shown in PFig. 1. The inlet valve 44
is opened to admii the combustible charge.
Thereupon the valve closes and the charge is
ignited by the spark pluge 43, producing hot com-
pustion gases of high pressure. Thereupon the

10

20

outlet valve 47 is opened and under the action of -

the high pressure, the hot combustion gases
stream out through the heater tubes 45 giving
up to the surrounding water the energy produced
by combustion and compression. A part of the
energy is used for driving the compressor by
mesns of which the charge is compressed. ‘The
water which is highly heated in a thin circulat-
ing iayer adjacent to the heating surfaces of the
combustion chamber and the heater tubes, with
the steam formed therein, passes into the tank,
the steam separating and accumulating at the
top portion of the latter. .

The explosions of the combustion charge are
repeated periodically, and after each explosion,
the hot combustion gases are discharged under

- the action of the generated pressure at high ve-

locity through the heater tubes. Since the pres-
sure in the combustion chamber is highest at the
beginning of each discharge period, the velocity
of the gases through the heater tuhes 21 is
greater at the beginning of the discharge period
than at its end. Toward the end of the discharge
period the velocity may drop down to about 200

meters per second, although satistactory opera-

tion may be obtained even in case the gas velocity
in the heater tubes drops down to about 150
meters per second at the end of the discharge
period. ‘ v . . :

The control of the valves may be effected in the
same way as in the arrangement shown in Fig. 1.
Where an outlet valve is provided as well as an
inlet valve, it is preferable to use & common con-
trol of the two valves as well as of the ignition.

This may be, effected, for instance, by a camh

shaft that is driven by & special motor.  As an
alternative arrangement for operating the valves

and the ignition, other well known controlling’

and operating devices may be used. .
The control of the valves and of the ignition
enables a very close regulation of the steam gen-
eration since the number of the combustion cycles,
that ‘is, the number of the explosions, may be
changed by varying the speed of the control
sequence., A number of such esplosion-type

compbined with such regulating system. The
tlmeaoqmnce‘otth'ee‘xplodonsinthem
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chambers may readily be controlled through the
valves of the individual chambers,

By controlling the valves, the compressor, and
the feed water flow, the generator of the steam
may be controlled directly in accordance with the
variations of the steam demand, makmg possi-
ble the use of small water spaces.

Such automatic control of the valves is shown '

diagrammatically in Fig., 3. The bhoiler, of a
construction such as illustrated in Fig. 2 but
viewed from the top, is shown provided with three
explosion chambers 42, 42’ and 42’’. The inlet
valves 44 are controlled by a cam shaft 71. The
outlet valves 47 are controlled by a cam shaft 72,
the two cam shafts being driven by a main con-
trol shaft 73 which also drives the ignition device
and distributor 74. The control shaft 73 is ar-
ranged to be driven by an electric motor 75 that
is supplied from g line 76, the operation of the
motor being controlled by a controlling device
77 in accordance with the variation of the pres-
sure conditions in the boiler as determined by
a regulating device 78 connected to the boiler
dome. The cams on the two cam shafts 71, 72 are
so arranged that the explosions in the three com-
bustion chambers 42, 42’, 42’ follow each other
in sequence, like the strokes of a three-cylinder
engine, and the speed of the cycle may be va-
ried by varying the speed of the control shaft,
the latter being controlled through the control
device 77 of the electric motor 75 by the regu-~
lator 78. This regulator 78 and the arrangement
for varying the speed of the motor 75 in accord-
ance with the conditions of the pressure, or some
other property of the steam, may be of any well
known kind, any standard regulator used in the
various electrical applications for varying the
speed of a driving motor depending on some given
condition being applicable.

Instead of the direct vaporization of the wa-
ter by its direct contact with the heating sur-
faces, other systems known in the art may be
used.

A part of the heat exchange surfaces of the
combustion chamber or of the heater tubes may
also be used as a superheater for the steam. -

In Fig. 4 is shown a steam generator plant em-
bodying my invention in another form. It com-
prises a steam separating drum 80 holding in its
lower portion water to be evaporized and having
in its upper part a steam space 81 with a dome
82 in which the steam separating from the water
accumulates to be conveyed to the steam load
by steam pipe 83.

The steam generator 85 for generation of the
steam comprises a combustion chamber 86 formed
of a cylindrical shell 87 enclosed on one end by
a conical inlet head 88 and on the other end by
a detachable cylindrical closure member 89 hav-
ing a detachable rear cover 90. Over the forward
end of the inlet head 88 is mounted an inlet valve
92 which is supplied with a combustible charge
‘through inlet pipe 93. The conical inlet head
88 has mounted thereover an enclosure member
95 which forms a water inlet duct 96 around the
inlet head for receiving the water that is to be

-vaporized. The rear closure member 89 of the

chamber is attached to a rear flange 97 of the
chamber shell 87, and has in its interior a hol-
low water outlet duct 98 for receiving the vapor-
ized mixture of water and steam. 'The rear cover
90 is also hollow and has a water circulating
chamber 98 which is in communication through
channels 99 with the water outlet duct 98.

Along the cylindrical inner walls of the com-
bustion chamber shell 87 is mounted a layer of
water tubes 101. The front ends of these tubes
are firmly mounted within s series of annularly
disposed holes 102 in the base of the conical head.

The rear ends of the water tubes 25 are similarly -

mounted within holes 103 of the inwardly project-
ing portion of the rear flange 97 of the shell,
these holes opening into the adjacent outlet duct
98 of the rear closure member 89.

" The combustible charge is compressed and sup-
plied by means of a compressor 111 under pres-
sure to the inlet pipe 93 of the inlet valve 92 of
the combustion chamber. Any of the combustible
mixtures employed in explosion-type engines and
gas turbines may be used as combustible charge,
the charge being preferably supplied, for instance,
by a compressor supplying compressed air, and
an aguxiliary fuel pump 11le associated with the
compressor which injects the fuel 1nto the com-
pressed air.

The initially compressed charge delivered by
opening the inlet valve 92 to the combustion
chamber 86 to spark plugs 113 are mounted on
the interior wall of the chamber.

Through each of the water tubes 25 extends
a gas-discharge nozzle-like heater tube 115 of
small cross section. The rear ends of the nozzle
tubes 115 are secured within a series of annu-
larly disposed nozzle-shaped inlet holes 116 in
the inner wall 117 of the closure member 89 in
alignment with the holes on its front side that
hold the open ends of the water tubes 25.
Through these irlet nozzle openings 116 the hot
combustion gases within the combustion chamber
enter directly from the chamber into the heater
tubes 115. The heater tubes 115 extend through
the water tubes 102 and the water inlet duct 96
into a gas outlet duct 118, into which they re-
lease the combustion gases flowing from the
chamber. The gas outlet duct has an outlet valve
120 which releases the gases through the nozzle
duct 121 into the blades of a gas turbine 122, im-
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parting driving energy to the turbine wheel, the -

exheust gases from the gas turbine passing into
the exhaust duct 123 where they may serve for
preheating the feed water before being discharged
into the atmosphere. The gas turbine 122 is cou-
pled to the compressor 111, and supplies thereto
the driving power required to initially compress
the combustible charge delivered to the combus-
tion chamber.

Water is circulated -between the water space
of the separator drum 80 and the water tubes
101 of the combustion chamber by pipe 125 lead-
ing from the drum 80 through a circulating pump
126 driven by the gas turbine 122 to the water
inlet duct 96 of the chamber, the water flowing
then by way of the water tubes 101 into the water
outlet duct 98 and therefrom through return tube

45
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127 into the distributor duct 128 within the col- .

lector drum 86 where the steam separates from
the water and collects in the top of the separator
drum 80. Feed water may be supplied to the sep-~
arator drum 80 by feed water pipe 129.

The operation of the steam generator shown
in Fig. 4 is as follows: A combustible gaseous
charge is admitted under an initial charging
pressure to the interior space of the combustion
chamber 86 through inlet valve 92. When charg-
ing is completed, the charge is exploded by means
of spark plugs 113 within the chamber. Rapid
combustion of the charge follows, and at the com-
pletion of the combustion the outlet valve 120 of

65
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the outlet duct 118 is opened Because of the

- mreat pressure produced by the combustion ‘in
- the chamber, the hot combustion gases are dis-
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charged through the heating tubes 115 at very
high velocity giving up the greater part of their
energy in the form of heat to the water in the

- surrounding water tubes 25. After having passed

_tected against overheating by ma

through the heater tubes 115 the gases still re-
tain a certain part of their pressure and energy
and are discharged over valve 120 through noz-
zle duct 121 into the gas turbine 122 driving the
latter, passing theréfrom into the exhaust duct
123 where they may be used for preheating feed
water as in Fig. 2. Thereupon, a fresh charge
is admitted into the combustion chamber 86
through inlet valve 92 and the process thus con-
tinuously repeated.

Efficient steam generation is obtained by cir-
culating with the water pump 126 the water
through the water tubes 101, the water flowing
in a thin layer adjacent the surfaces of the heat-
er tubes 115 along which the hot combustion gases
pass with great velocity.. The water tubes 101
are arranged close to each other so that the walls
of the combustion chamber are very effectively
protected against the high temperature of. the
combustion gases, thus eliminating the necessity
of special cooling of -the outer walls of the com-
bustion chamber. The parts of the combustion
chamber which are not ccovered by the water
tubes, namely the front and rear engds, are pro-
king their walls.
hollow and passing the circulating water there-
through. The heat of the gases in the combus-
tion chamber may also be utilized for superheat-
ing the steam, and to this’end the steam pipe
82 leading the steam from the separator 80 to the
load may be connected to a set of superheater
tubes 130 carried on the rear cover 90 of the com-
bustion ‘thamber. The superheater tubes 130
superheat the received steam and deliver it over

the extension of the steam supply pipe 83 to the
load. ’

The steam generator of Fig. 4 may have several
combustion-chamber-evaporator units operate

with a single gas turbine, and automatic control’

and regulation of the valves, ignition, number of
cycles, compression and feed-water supply, as
described in connection with the steam generator
plant of Figs. 2 and 3.

-Inall embodiments of the steam generators de-

 scribed above, .the great heat transfer and the
. resultant unusually high capacity and respon-
; siveness of the steam generation is made possible

144
. water surrounded nozzle-like heater ducts di-
‘rectly to the combustion chamber, and by the

10
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by .connecting the inlet nozzle openings of the

autilization of the high pressure in the combus-
tion chamber to impart to the hot combustion
gases their highest velocity at the moment of
their entrance into the water-immersed heater
tubes when they are at their highest tempera-
ture and density, thereby securing maximum ob-
tainable heat transference and steam.generation.
The invention is not limited to the details of
‘construction and operation described above, and
modifications thereof will suggest themselves
those skilled in the art. T desire, according]
that the appended claims be given a broad con-
struction commensurate with the scope of the

‘invention within the art.

I claim: : .
1.'A vapor generator comprising a pressure-
proof combustion chamber, means including a
compressor for periodically supplying to said

5

chamber a combustible charge under pressure
and exploding sald charge to periodically pro-
duce hot combustion gases of substantially
higher pressure of a predetermined range in said
chamber, evaporator means for holding & vapor-
izable liquid having heating surfaces in contact
with said liquid and constituting a set of ducts

having inlet nozzles opening into said chamber, -

5

said inlet nozzles being proportioned to apply & -
substantial part of said higher pressure of the 10

hot combustion gases in the chamber for impart-
ing to said hot gases a high velocity through said
heating ducts to heat said liquid and generate
vapor, and means for applying the energy avail-

able in the gases not utilized in the evaporator 15

means for the heat cycle of said generator.

2. In a vapor generator, a pressure-proof com-
bustion chamber, means including a compressor
for periodically supplying to said chamber a com-~

bustible charge under pressure and exploding 20

sald charge to periodically produce hot combus-
tion gases of a high pressure head of a predeter-
mined range substantially in excess of the charge
pressure in said chamber, evaporator means

comprising heating surfaces constituting a set of 25

ducts having at one end .inlet nozzles opening
into said chamber and being of a cross section’
and length at which the larger part of said pres-
sure head of the hot combustion gases in said

chamber imparts to said compressed hot gases a 30

high velocity at said inlet nozzles driving-said
gases through said ducts, and enclosure means

for passing a flowing vaporizable liquid in con- -

tact with the entire surface of said ducts heated

by the hot gases discharged from said chamber 35

to deprive said flowing gases of heat and gener-
ate vapor, and means for applying the energy
available in the gases not utilized in the evap-
orator means for the heat cycle of said generator.

3. A vapor generator comprising a pressure-
proof ¢ombustion chamber, means including a
compressor for periodically supplying to said
chamber a combustible charge under pressure
and exploding said charge to periodically pro-—
duce hot- combustion gases of a high pressure -
head of a predetermined range substantially in
excess of the charge pressure .in said chamber,

a8 aeyaporator means for holding a vaporizable lig-

uid having heating surfaces in contact with said.
liquid and constituting a set of ducts having in-
let' nozzles opening into said chamber and being
of a cross section and length constructed and
proportioned to. apply a substantial portion of
the high pressure of the hot combustion gases in
the chamber for driving the hot gases at a high

_veloeity through said inlet openings info said

heating ducts to heat said liquid and. generate
vapor, and a gas turbine impelled by the remain-
ing portion of the pressure of the gases not uti- go
lized in the evaporator means for’' driving said
.compressor to supply initial pressure to the
charge.

4. In a vapor generator, a pressure-proof com-
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bustion chamber, means including a compressor gz

for yeriodically supplying to said chamber a
combustible charge under pressure and explod-
ing said charge to periodically produce hot com-
bustion gases of a high pressure head within &

predetermined range substantially in excess of 70

’the charge pressure in said chamber, evaporator

means comprising heating surfaces constituting .
a set of ducts having at one end inleét nozzles
opening into said chamber- a.nd being. of & cross

sectlon and length at which the larger part of\'l'ﬁ\
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said pressure head of the hot combustion gases
in said chamber imparts to said compressed hot
gases a high velocity at said inlet nozzles driving
said gases through said ducts, and enclosure
means for passing a flowing vaporizable liquid in
contact with the entire surface of said ducts
heated by the hot gases discharged from said
chamber to deprive said flowing gases of heat
and generate vapor, and a gas turbine impelled
by the remaining portion of the pressure of the
gases not utilized in the evaporator means for
driving said compressor to supply initial pressure
to the charge.

5. A vapor generator comprising a pressure-
proof combustion chamber, means including a
compressor for periodically supplying to said
chamber a combustible charge under pressure
and exploding said charge to periodically pro-
duce hot combustion gases of a high pressure
head within a predetermined range substantially
in excess of the charge pressure in said chamber,
evaporator means for holding a vaporizable ligq-
uid having heating surfaces in contact with said
liquid and constituting a set of ducts having inlet
nozzles opening into said chamber and being of
a cross section and length constructed and pro-
portioned to apply the larger part of said high
pressure head of the hot combustion gases in the
chamber for driving the hot gases at a high ve-
locity through said inlet openings into said heat-
ing ducts to heat said liquid and generate vapor,
and a gas turbine impelled by the remaining por-
tion of the pressure head of the gases discharged
from tihie evaporator ducts for driving said com-
pressor to supply initial pressure to the charge.

6. A vapor generator comprising a pressure-
proof combustion chamber, means including a
compressor for periodically supplying to said
chamber a combustible charge under pressure
and exploding said charge to periodically pro-
duce hot combustion gases of a high pressure
head of a predetermined range substantially in
excess of the charge pressure in said chamber,
evaporator means comprising heating surfaces
constituting a set of ducts having at one end inlet
nozzles opening into said chamber and being of
a cross section and length at which the larger

. part of said high pressure head of the hot com-
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bustion gases in said chamber imparts to said
compressed hot gases a high velocity at said inlet
nozzles driving said gases through said ducts, and
enclosure means for passing a flowing vaporiz-
able liquid in-contact with the entire surface of
said ducts heated by the hot gases discharged
from said chamber to deprive said flowing gases
of heat and generate vapor, and a gas turbine
impelled by the remaining portion of the pres-
sure head of the gases discharged from the evap-

orator ducts for driving said compressor to sup-

ply initial pressure to the charge.

7. A vapor generator comprising a pressure-
proof combustion chiamber, means including a
compressor for periodically supplying to said
chamber a combustible charge under pressure
and exploding said charge to periodically produce
hot combustion gases of substantially higher
pressure of a predetermined range in said cham-
ber, evaporator means for holding a vaporizable

-liquid having heating surfaces in contact with

said liquid and constituting a set of ducts having
inlet nozzles opening into said chamber and be-
ing of a cross section and length constructed and
proportioned to apply said higher pressure of the
hot combustion gases in the chamber for driving
the hot gases at a velocity of 150 meters per sec-

ond or more through said inlet openings into said
heating ducts to heat said liquid and generate
vapor, and means for applying the energy avail-
able in the ‘gases not utilized in the evaporator
means for.the heat cycle of said generator.

8. In a vapor generator, a pressure-proof com-
bustion chamber, means including a compressor
for periodically supplying to said chamber a com-

bustible charge under pressure and exploding-

said charge to periodically produce hot combus-
tion gases of a high pressure head of a predeter-
mined range substantially in excess of the charge
pressure in said chamber, evaporator means com-
prising heating surfaces constituting a set of
ducts having at one end inlet nozzles opening into
said chamber and being of a. cross section and
Jength at which the larger part of said pressure
head of the hot combustion gases in said chamber
imparts to said compressed hot gases a velocity of
150 meters per second or more at said inlet noz-
zles driving said gases through said ducts, and
enclosure means for passing a flowing vaporizable
liquid in contact with the entire surface of said
ducts heated by the high-velocity hot gases flow-
ing from said chamber to deprive said flowing
gases of heat and generate vapor, and means for
applying the energy available in the gases not uti-
lized in the evaporator means for the heat cycle
of said generator.

9. A vapor generator comprlsmg a pressure-
proof combustion chamber, means including a
compressor for periodically supplying to said
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chamber a combustible charge under pressure and -

exploding said charge to periodically produce hot
combustion gases of a high pressure head of a

35

predetermined range substantially in excess of the °

charge pressure in said chamber, evaporator
means for holding a vaporizable liquid having
heating surfaces in contact with said liquid and
constituting a set of ducts having inlet nozzles
opening into said chamber and being of a cross
section and length constructed and proportioned
to apply said high pressure of the hot combustion
gases in the chamber for driving the hot gases
at a velocity of 150 meters per second or more
through said inlet openings into said heating
ducts to heat said liquid and generate vapor, and
a gas turbine impelled by the reinaining portion
of the pressure .of the gases not utilized in the
evaporator means for driving said compressor to
supply initial pressure to the charge.

10. In a vapor generator, a pressure- proof
combustion chamber, means including a com-
pressor for periodically supplying to said chamber

a combustible charge under pressure and explod-’

ing said charge to periodically produce hot com-
bustion gases of a high pressure head of a pre-
determined range substantially in excess of the
charge pressure in said chamber, evaporator
means comprising heating surfaces constituting
a set of ducts having at one end inlet nozzles
opening into said chamber and being of a cross
section and length at which the larger part of
said pressure head of the hot combustion gases in
said chamber imparts to said compressed hot
gases a velocity of 150 meters per second or more
at said inlet nozzles driving said gases through
said ducts, and enclosure means for passing a
flowing vaporizable liquid in contact with the
full length of said ducts heated by the high-veloc-
ity hot gases flowing from said chamber to de-
prive said flowing gases of heat and generate va-
por, and a gas turbine impelled by the remaining
portion of the pressure of the gases not utili7-
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" ploding said charge in said combustion chamber

in the evaporator means for driving said com-
pressor to supply initial pressure to the charge.
11, A vapor generator comprising.a pressure-

_proof combustion chamber, means including -a

compressor for periodically supplying to said
chamber a combustible charge under pressure and
exploding said charge to periodically produce hot
combustion gases of & high pressure head of a
predetermined range substantially in excess of the
charge pressure in said chamber, evaporator
means for holding a vaporizable liquid having
hesating surfaces in contact with sald liquid and
constituting a set of ducts having inlet nozzles
opening into said chamber and being of & cross
section and length constructed and proportioned
to apply the larger part of said high pressure head
of the hot combustion gases in the chamber for
driving the hot gases at a velocity of about 200
meters per second or more through said inlet
openings into said heating ducts to heat said liq-
uid and generate vapor, and s gas turbine im-
pelled by the remaining portion of the pressure

~ head of the gases discharged from the evaporator
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ducts for driving said compressor to supply initial
pressure to the charge.

12. A vapor generator comprising & pressure-
proof combustion chamber, means including a
compressor for periodically supplying to said
chamber & combustible charge under pressure and
exploding said charge to periodically produce hot
combustion gases of a high pressure head of & pre-
determined range substantiaily in excess of the
charge pressure in said chamber, evaporator
means comprising heating surfaces constituting
a set of ducts having at one end inlet nozzles open-
ing into said chamber and being of a cross section
and length at which the larger part of said high
pressure head of the hot combustion gases in

" said chamber imparts to said compressed hot
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gases a velocity of about 200 meters per second
or more at said inlet nozzles driving said gases
through said duects, and enclosure means for pass-
ing a flowing vaporizable liquid in contact with
the full length of said ducts heated by the high-
velocity hot gases flowing from said chamber to
deprive said flowing gases of heat and generate
vapor, and a gas turbine impelled by the remain-
ing portion of the pressure head of the gases dis-
charged from the evaporator ducts for driving
sald compressor to supply initial pressure to the
charge. _ '

13. The process of generating vapor compris-
ing initially compressing a gaseous body in & com-
pressor and periodically supplying therefrom a
combustible charge under pressure to a pressure-
proof combustion chamber,. periodically explod-

ing said charge in said combustion chamber pro-

ducing therein high-temperature combustion
gases of a pressure head substantially higher

than the pressure of the charge, applying a sub-

. stantial part of said high pressure head at noz-
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zle inlets of narrow evaporator ducts opening into
said chamber to impart to said hot gases a high
velocity at said inlets driving said gases through
said ducts, passing vaporizable liquid in contact
with the length of said ducts traversed by said
‘high velocity gases for heating said.liquid and
generating vapor, and applying the energy of said
gases not utilized in said evaporator ducts for
supporting generation of heat in said process.

14. The process of generating vapor compris-
ing initially compressing a gaseous body in a
compressor and periodically supplying therefrom
a combustible charge under pressure to & pres-
sure-proof combustion chamber, periodically ex-

N
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producing therein high-temperature combustion

gases of a pressure head substantially higher.

than the pressure of the charge, applying most
of said high pressure head at nozzle inlets of

narrow evaporator ducts opening into said cham-

ber to impart to said hot gases a high velocity ‘

at said inlets driving said gases through said
ducts, passing vaporizable liquid in contact with
the full length of said ducts traversed by said high
velocity gases for heating said liguid and gener-
ating vapor, and applying the energy of said
gases not utilized in said evaporator ducts for
impelling a gas turbine driving said compressor
to compress the gaseous body of the charge.
15. The process of generating vapor compris-
ing initially compressing a gaseous body in a com-
pressor and periodically supplying therefrom g
combustible charge under pressure {o & pressure-
proof combustion chamber, periodically explod-
ing said charge in said combustion chamber pro-

ducing therein high-temperature combustion

gases of a pressure head substantially . higher
than the pressure of the charge, applying most
of said high pressure head at nozzle inlets of
narrow evaporator ducts opening into said cham-
ber to impart to said hot gases a velocity at said
inlets driving said gases through said ducts, pass-
ing vaporizable liquid in contact with the full
length of said ducts traversed by.said high ve-
locity gases for heating said liquid and generat-
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ing vapor, and applying the remaining portion

of the pressure head of said gases leaving said

evaporator ducts for impelling a gas turbine driv-
. ing said compressar to compress the gaseous body

of the charge.

16. The process of generating vapor compris-
ing initially compressing a gaseous body in 2
compressor and periodically supplying therefrom
& combustible charge under pressure to a pres-

sure-proof combustion chamber, periodically ex- -

ploding said charge in said combustion chamber
producing therein high-temperature combustion
gases of a pressure head substantially higher than
the pressure of the charge, applying said high
pressure ‘head at nozzle inlets of narrow evap-
orator ducts opening into said chamber to im-

part to said ‘hot gases & velocity of 150 meters.

per second or more at said inlets driving said
gases through said ducts, passing vaporizable lig-

uid in contact with the length of said ducts trav--

ersed by said high velocity gases for heating said
liquid and generating vapor, and applying the
energy of said gases not utilized in said evapo-
rator ducts for supporting generation of heat in
said process. ' o : T
17. The process of generating vapor compris-
ing initially compressing a gaseous body in a
compressor and periodically supplying therefrom
o combustible charge under pressure to & pres-
sure-proof combustion chamber, periodically ex-
ploding said charge in said combustion cham-
pber producing therein high-temperature com-
bustion gases of a pressure head substantially

higher than the pressure of the charge, applying .

most of said high pressure head at nozzle inlets
of narrow evaporator .ducts opening into said
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chamber todmpart to said hot ‘gases a velocity of

150 meters per second or more at said inlets driv-
ing said gases through said ducts, passing va-
porizable liquid in contact with the full length
of said ducts traversed by said high velocity gases
for heating said liquid and generating vapor, and

applying the energy of said gases not utilized in"

said evaporator ducts for impelling a gas turbine

70
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driving said compréssor to comipress the gaseous
body of the charge. )

18. The process of generating vapor compris-
ing initially compressing a gaseous body in a
compressor and periodically supplying therefrom
a combustible charge under pressure to a pres-
sure-proof combustion chamber, periodically ex-
ploding said charge in said combustion chamber
producing therein high-temperature combustion
gases of a pressure head substantially higher than
the pressure of the charge, applying most of
said high pressure head at nozzle inlets of narrow
evaporator ducts opening into said chamber to

impart to said hof gases 4 velocity of about 200
meters per second or more at said inlets driv-
ing said gases through said .ducts, passing va-
porizable liquid in contact with the full length
of said ducts traversed by said high velocity gases
for heating said liquid and generating vapor, and
applying the remaining portion of the pressure
head of said gases leaving said evaporator ducts
for impelling a gas turbine driving said com-
pressor to compress the gaseous body of the
charge.
WALTER GUSTAV NOACK.
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