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Claims. 

This invention relates to a method and ap 
paratus for generating steam. 
One object of the invention is to provide a 

simple and efficient method and apparatus where 
by steam may be produced for industrial pur 
poses at a low. cost. 
A further object of the invention is to pro 

vide a method and apparatus for generating 
steam for industrial purposes without the use of 
a. Steam boiler. 
A further object of the invention is to provide 

a method and apparatus whereby flash steam 
may be separated from the water and stored 
under pressure for use. 
A further object of the invention is to provide 

such a method and apparatus in which the 
amount of water which is flashed into steam will 
be automatically controlled by the pressure of the 
'Stored Steam. 
A further object of the invention is to provide 

Such a method and apparatus comprising a closed 
cycle in which the steam which has been with 
drawn from storage and used for operating a 
power element, or otherwise, may be condensed 
and again used in the generation of steam, 
Other objects of the invention may appear a 

the invention is described in detail. 
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In the accompanying drawing. Fig. 1 is a 
schematic view, partly in elevation and partly in 
section, and partly broken away, of an apparatus 
for carrying out my method; and Fig. 2 is a 
similar view of a slightly modified form of such 
an apparatus. 

In performing my method, in its preferred 
form, water is passed in counterflow heat ex 
change relation to products of combustion, as by 
the use of a suitable heat exchanger, in such a 
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manner that the Water is heated to a high 
temperature and high pressure. The heated 
Water is caused to flow from its initial high pres 
sure to a lower pressure, as by passing the same 
through an expansion chamber, such as an ex 
pansion nozzle, whereby a portion of the Water is 
converted or "flashed' into Steam. The steam 
mixes with the water in the expansion chamber 
and by its expansion therein converts pressure 
energy into velocity energy. After the mixture 
of steam and water leaves the expansion cham 
ber the steam is separated from the water and de 
livered to a storage chamber, herein referred to 
as a steam chest. Preferably the separated 
steam is passed through the products of Com 
bustion in the heat exchanger to superheat the 
same before it is delivered to the steam chest. 
The steam which is thus stored in the steam chest 

(Cl. 122-356) 
under pressure may be withdrawn for use as re 
quired and the flow of water to the expansion 
chamber is regulated by the pressure in the steam 
chest to control the amount of steam generated 
in accordance with the demands made on the 
steam chest. The water from which the steam 
has been separated is returned to the heat ex 
changer and again heated to a high temperature. 
If desired, the mixture of water and steam which 
is discharged from the expansion chamber at a 
high velocity may be utilized to develop mechani 
cal power prior to the separation of the steam 
and Water. The steam which is withdrawn from 
the Steam chest and used in the performance of 
Work may thereafter be condensed and the con 
densate returned to the heat exchanger and 
again used in the generation of steam. 
The apparatus employed for performing this 

method may take various forms and in the draw 
ing I have illustrated two forms of apparatus 
Which differ slightly one from the other. In 
each form the apparatus includes a heat ex 
changer adapted to utilize products of combus 
tion to heat water to a high temperature and 
high pressure. As here shown, this heat ex 
changer comprises a conduit 5 connected at one 
end with a combustion chamber 6 and connected 
at its other end with a stack 7 or other suitable 
point of discharge. In the arrangement here 
shown the conduit 5 is connected directly with 
the combustion chamber of a gas burner 8 but 
the products of combustion may be taken from 
any Suitable Source and products of combustion 
which would otherwise be wasted may be used, 
as for example, by interposing the conduit 5 be 
tween a steam boiler and the stack. Arranged 
Within the conduit 5 it a second or water conduit 
9 which is connected at its inlet end, that is the 
end remote from the combustion chamber, with 
a Source of water Supply, as by means of a pipe 
0. The water flows through the conduit 9 in 

Counterflow heat exchange relation to the 
products of combustion in the conduit 5 and is 
heated to a high temperature and high pres 
Sure before it reaches the discharge end of the 
conduit 9. If desired, the water delivered to the 
water conduit 9 may be preheated, as by means 
of an ordinary feed Water heater. 
The water is discharged from the water con 

duit 9 of the heat exchanger through a conduit 
which includes an expansion nozzle 2 in 

which a portion of the highly heated water will 
be converted or flashed into steam and the ex 
pansion of this. Steam in and about the water 
will convert a portion of the pressure and heat 
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2 
energies of the steam and water into velocity 
energy, so that the mixture will be discharged 
from the nozzle at high velocity. 

In that form of the apparatus shown in Fig. 1 
the expansion nozzle f2 is connected with and 
discharges into a casing 4 in which is mounted 
a power element, such as a Pelton wheel 5, so 
arranged that it will be actuated by the mixture 
of steam and water discharged from the nozzle 
into the casing. The steam will separate from 
the water in the casing 8 and it may be with 
drawn from the upper end of the casing by means 
of a conduit 6 and is then delivered to a storage 
chamber or steam chest A. Due to the turbula 
tion. Within the casing A Small quantities of Water 
are apt to escape along with the steam through 
the conduit 6 and in order that substantially 
dry steam will be delivered to the steam chest I 
have interposed between the casing 4 and the 
steam chest a separator. 8, here shown as an up 
right casing, into which the discharge end of the 
conduit 6 projects. Any water entering the sep 
arator 8 along with the steam will, due to its 
weight, fall to the bottom of the separator and 
may be withdrawn therefrom in any suitable man 
ner. In the present instance, such water is re 
turned through a pipe 9 to the casing 4. The 
steam, which is now substantially free from water 
is discharged from the upper end of the separator 
38 through a conduit 29 to the steam chest 7 
and preferably this conduit is passed through the 
conduit of the heat exchanger, as shown at 2, 
so as to superheat the steam before it is delivered 
to the steam chest. The steam is stored in the 
steam chest under pressure and may be with 
drawn therefron for use in any suitable manner. 
As shown, the steam chest is connected by a pipe 
22 with a turbine 23. 
The flow of water from the water conduit of 

the heat eXchanger to the expansion nozzle is 
automatically regulated to cause the generation 
of steam in quantities determined by the amount 
of Steam withdrawn from the Steam chest. For 
this purpose the pressure operated regulating 
valve 2 is interposed in the conduit in advance 
of the expansion nozzle f2. This valve is con 
nected by a tube 25 with the steam chest so that 
it regulates the flow of water to the expansion 
nozzle in accordance with the pressure in the 
steam chest. 
Water in the casing 4, from Which the steam 

has been separated, is withdrawn from that cas 
ing by a pump 26 and returned to the water con 
duit 9 of the heat exchanger through a pipe 27, 
the pump providing the water with Sufficient 
pressure to enable it to enter the conduit against 
the pressure therein. If desired, the pump 26 
may be driven by the power element 5. Inas 
much as this water which is Withdrawn from 
the casing 4 has a high temperature it is pref 
erably introduced into the water conduit 9 at a 
point between the ends of the latter where the 
water in the conduit 9 Will be at approximately 
the same temperature as the Water which is re 
turned through the conduit 2. 
In Fig. 1. I have also shown means whereby the 

used steam, in the present instance the exhaust 
from the turbine 23, may be Condensed and re 
turned to the heat exchanger for further use in 
the generation of steam. For this purpose the 
exhaust pipe 28 of the turbine is connected with 
a condenser 29 in which the exhaust Steam is con 
densed, and the condensate is withdrawn from 
the condenser by a pump. 30 and delivered 
through a conduit 3 to the intake end of the 

2,200,759 
Water conduit 9 of the heat exchanger. Prefer 
ably the condensate is passed through a heater, 
Such as the feed water heater 30, to impart addi 
tional heat thereto before it is delivered to the 
heat eXchanger. In this manner I not only save 
Steam which would otherwise go to Waste but I 
also provide the Water conduit 9 of the heat 
exchanger with water having a relatively high 
temperature. When the condensate is thus re 
turned to the heat exchanger the Water supply 
pipe - would be required merely to compensate 
for Such OSSes as might occur in the cycle. 

If desired, means may also be provided for au 
tomatically controlling the temperature and pres 
Sure of the water in the conduit of the heat ex 
changer. The pressure in the conduit 9 may con 
veniently be controlled by interposing in the Sup 
ply pipe 3 a pressure operated regulating valve 
: a, and connecting the same with the conduit 
9 by a tube (b. The temperature of the water 2 
in the conduit may be controlled by thermostat 
ically regulating the Supply of products of com 
bustion. In the arrangement illustrated a pres 

0 

sure operated regulating valve 45 is interposed 
in the gas supply pipe 46 and is connected by a 
tube 4 with a bulb or container for a volatile 
fluid Which is inserted in the conduit 9 near the 
discharge end thereof, thus automatically con 
trolling the amount of heat generated in the com 
bustion chamber. 

In that form of the apparatus shown in Fig. 2 
the velocity of the mixture of water and steam 
discharged froin the expansion inczzle 2 is not 
utilized in the development of power but that 
mixture is discharged directly into a steam sep 
arator. This separator may be of any suitable 
character but preferably I employ a centrifugal 
separator which is here shown as a curved tube 32 
connected at one end with the discharge end of 
the expansion nozzle 2, he inner Wall of the 
curved tube 32, which has the shorter radius, is 
provided with a discharge opening 33 which com 
municates with an exterior discharge chamber 34. 
In the present, arrangement tihis chamber is in 
the form of an annular casing 35 mounted about 
the tube 32 and enclosing the discharge open 
ing 33. The mixture of Water and steam is dis 
charged from the expansion nozzle 2 into the 
centrifugal separator at high Velocity and due 
to this velocity and the greater weight of the 
water the latter will tend to follow the outer wall 
of the curved tube 32, that is, the Wall having the 
longer radius, while the steam will tend to follow 
the inner wall and Will escape through the dis 
charge opening 33. A discharge pipe 36 is con 
nected with the discharge chamber 34 and the 
steam escaping from the tube is delivered to a 
steam chest 3. Preferably a Second separator 
38 is interposed between the centrifugal separator 
and the steam chest for the purpose of removing 
from the steam any Water Which may have passed 
thereWith from the centrifugal Separator and 
the steam is conducted from the second separator 
38 through a conduit 39 to the steam chest, this 
conduit passing through the conduit 5 of the 6 
heat exchanger, as shown at 40, to superheat the 
same. The flow of heated Water from the heat 
exchanger to the expansion valve is controlled 
by a pressure Operated regulating Valve 4 which 
is connected with the steam chest 37 by a tube 
2 in the same manner as shown in Fig. 1. 
The water is discharged from the tube 32 of 

the centrifugal separator through a compression 
nozzle 43 which converts a portion of the velocity 
energy thereof into pressure energy and the pres 

is, 5 
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Sure thus imparted to the water is sufficient to 
force the same through a pipe 44 and into the 
water conduit 9 of the heat exchanger without 
the use of a pump. The compression nozzle 43 

10 desired, be condensed and returned to the heat 
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may be of any suitable character but, in the 
present instance, is of the type shown and de 
scribed in my pending application Serial No. 
176,506, filed November 26, 1937. In this form 
of apparatus the exhaust or used steam may, if 

exchanger in the manner shown in Fig. 1. 
The method and apparatus herein described 

enable steam to be generated in quantities and 
at pressures Suitable for industrial purposes at a 
cost much lower than it can be produced in cor 
responding quantity and pressure by an ordinary 
steam boiler plant. An apparatus of the type 
here illustrated can be constructed and installed 
at a cost much lower than would be required to 
construct and install, a steam boiler plant ca 
pable of producing steam in the same quantities 
and at the same pressure. The efficiency of the 
apparatus is high. The products of combustion 
are utilized much more fully than they are in a 
steam boiler. By passing the water in counter 
flow relation to the products of combustion, in 
the manner described, the Water is caused to 
absorb a very large part of the available heat 
in the products of combustion so that the latter 
are discharged to the stack at a relatively low 
temperature, and the water is heated to a cor 
respondingly high temperature and pressure at 
the discharge end of the water conduit 9. The 
pressure drop in the expansion nozzle, f2 is rela 
tively small. For example, if the water at the 
discharge end of the water conduit 9 had a pres 
sure of 550 pounds the pressure drop in the noz 
zle would be approximately 50 pounds so that 
the water would be delivered to the casing 4 of 
the power element at approximately 500 pounds 
pressure. The steam is delivered from the casing 
4 to the steam drum 7 with very small loSS in 

pressure and therefore the steam is maintained 
in the steam chest at approximately the pressure 
in the casing 4, the automatic regulating Valve 
24 serving to regulate the amount of steam gen 
erated in accordance with the withdrawals from 
the steam chest. The method of utilizing the 
discharged water and the exhaust steam further 
increases the efficiency of the apparatus and 
serves to reduce the cost of operation. 
While I have described my preferred method 

and have shown one, form of apparatus for per 
forming that method, together with a minor 
modification thereof, I wish it to be understood 
that I do not desire to be limited to the details 
of either the method or apparatus as various 
modifications thereof may occur to a person 
skilled in the art. 

Having now fully described my invention, what 
I claim as new and desire to Secure by Letters 
Patent, is: . 

1. In a steam generator, a conduit adapted to 
be connected with a source of products of com 
bustion, a second conduit adapted to be con 
nected with a source of water supply and ar 
ranged to conduct water in counterflow heat ex 
change relation to the products of combustion 
in the first mentioned conduit to heat said water 
to a high temperature and high pressure, a third 
conduit to receive said water from Said Second 
conduit and including an expansion chamber to 
convert a portion of Said Water into Steam and 
to expand said steam to convert pressure energy 
into velocity energy, means arranged beyond said 

B 
expansion chamber to separate the Steam from 
the water, a steam chest, means for delivering 
the separated steam to said steam chest, and 
means for returning the separated Water to said 
Second conduit at a point therein. Where the 
water in said second conduit is at a temperature 
approximating the temperature of the returned 
Water. 

2. In a steam generator, a conduit adapted to 
be connected with a source of products of Com 
bustion, a second conduit arranged to conduct 
Water in counterflow heat exchange relation to 
said products of combustion in the first men 
tioned conduit to heat said water to a high tem 
perature ... and a high pressure, an expansion 
chamber connected, with said water conduit to 
receive the heated water therefrom, convert a 
portion thereof into steam and expand said 
steam to impart velocity energy to the mixture 
of steam and water, means to separate the steam 
from the water, means to deliver the separated 
Steam under pressure to a point of use, means 
to return the separated water under pressure 
to said Water conduit, and means to supply make 
up Water to said Water conduit, said returned 
Water and said make-up water being delivered to 
Said, Water conduit at separated pointS SO ar 
ranged that the products of combustion in the 
first mentioned conduit Will act first on said re 
turn Water and thereafter on Said make-up Water, 
thereby utilizing a relatively large part of the 
heat of the products of combustion. 

3. In a steam generator, a conduit adapted to 
be connected With a Source of products of com 
bustion, a Second Conduit arranged to conduct 
Water in CounterioW heat eXchange relation to 
said products of combustion in the first men 
tioned conduit to heat, Said water to a high tem 
perature and a high pressure, means for connect 
ing said Water conduit near that end thereof 
Which is remote from said source of said products 
of Combustion With a Source of water supply, 
means connected with said water conduit to re 
ceive said heated Water therefrom, convert a por 
tion of said Water into steam and expand said 
steam to impart Velocity energy to the mixture of 
Steam and Water, means for separating the steam 
from the Water, and delivering said steam to a 
point of use, and means for returning the sepa 

... rated Water, under pressure to said Water conduit 
at a point Spaced from said means for connecting 
Said Water conduit with said source of water sup 
ply in the direction of flow of the water in said 
Water conduit. 

4. In a steam generator, a conduit adapted to 
be connected with a source of products of com 
bustion, a Second conduit arranged to conduct 
Water in Counterflow heat exchange relation to 
Said products of combustion in the first men 
tioned. Conduit to heat said water to a high tem 
perature and a high pressure, means connected 
With said Water conduit to receive said heated 
water therefrom, convert a portion of said water 
into Steam and expand said steam to impart ve 
locity energy to the mixture of steam and water, 
a steam chest, means for separating the steam 
from the Water and delivering the separated 
Steam under pressure to said steam chest, means 
for returning the separated water under pressure 
to said Water conduit at a point between the ends 
thereof, and means for supplying make-up water 
to said Water conduit near that end thereof which 
is remote from Said Source of said products of 
combustion. 

5. In a steam generator, a conduit adapted to 
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be connected with a source of products of com 
bustion, a second conduit arranged to conduct 
Water in counterflow heat exchange relation to 
Said products of combustion in the first men 
tioned conduit to heat said water to a high tem 
perature and a high pressure, an expansion 
chamber connected with said Water conduit to 
receive heated Water therefrom, convert a portion 
thereof into steam and expand said steam to im 
part Velocity energy to the mixture of Steam and 
Water, a centrifugal separator connected at one 
end With said expansion chamber to receive said 
mixture and Separate the steam from the Water 
and having at its other end a compression nozzle 
to convert velocity energy of said separated water 
into pressui'e energy, means for connecting said 
compression nozzle with said water conduit at a 
point between the ends of the latter, means for 
supplying make-up water to said conduit in ad 
Vance of the point of connection of said com 
pression nozzle with said water conduit, and 
means for delivering the separated Steam to a 
point of use. 

6. In a steam generator, a conduit adapted to 
be connected with a Source of products of com 
bustion, a second conduit arranged to conduct 
water in counterflow heat exchange relation to 
said products of combustion in the first men 
tioned conduit to heat said water to a high tem 
perature and a high pressure, a tubular device 
connected with said water conduit to receive 
therefronn water at high temperature and high 
pressure and having at itS intake end a part form 
ing an expansion nozzle to convert a portion of 
said water into steam and expand said steam to 
impart Velocity energy to a mixture of steam and 
Water, said device having an intermediate arcu 
afe portion provided in its inner side with an out 
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let to separate the steam from the water, and said 
device also having at its other end a compression 
nozzle to convert velocity energy of the separated 
Water into preSSure energy, means for connecting 
Said, compression nozzle with said water conduit, 
and means for delivering steam from said outlet 
to a point of use. 

7. In a steam generator, a conduit adapted to 
be connected with a source of products of com 
bustion, a Second conduit arranged to conduct 
Water in counterflow heat exchange relation to 
said products of combustion in the first men 
tioned conduit to heat said water to a high tem 
perature and a high pressure, a tubular device 
Connected With said. Water conduit to receive 
therefrom Water at high-temperature and high 
pressure and having at its intake end a part 
forming an expansion nozzle to convert a por 
tion of Said water into steam and expand said 
Steam to impart velocity energy to a mixture of 
Steam and water, said device having an inter 
mediate arcuate portion provided in its inner 
side. With an Outlet to separate the steam froin 
the Water, and Said device also having at its 
other end a compression nozzle to convert velocity 
energy of the separated water into pressure en 
ergy, means for connecting said compression 
nozzle with Said Water conduit, a steam chest, 
means for delivering the separated steam to said 
Steam chest, means for withdrawing steam from 3 
Said steam chest and using the same in the per 
formance of Work, means for coindensing the 
Steam and returning the same to said water con 
duit, and raeans for Supplying make-up water to 
Said Water conduit at a point in advance of the 
point at which said separated water is delivered 
to said water conduit. 

EDWARD T. TURNER. 
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