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3,1475% 
APPARATUS FOR EVAPORATBNG URE WATER 
Joseph R. Wilson, Pittsburgh, Pa, assignor to Westing 

house Electric Corporation, East Pittsburgh, Pa., a 
corporation of Pennsylvania 

Filed Nov. 24, 1961, Ser. No. 154,583 
4 Claims. (Cl. 60-—64) 

This invention relates to evaporation of impure water 
and more particularly to the production of pure water 
from mineralized or otherwise impure water by direct 
contact of the impure water with superheated steam. 
One of the objects of the invention is to provide ap~ 

paratus of the above type wherein pressurized vapor 
formed by the heating of the impure water, together with 
pressurized steam for effecting the vaporization, is re 
heated and then employed to motivate a Steam turbine, 
so that useful power may be extracted therefrom before 
condensing the vapor for use, as required, in substantially 
pure water form. 
A further object is to provide apparatus of the above 

type wherein the impure water is completely vaporized 
while in ?nely divided form in a high pressure chamber 
so that, when sea water is employed, the remaining im 
purities may be collected for use in pulverous dry salt 
form. 

Yet another object of the invention is to provide ap 
paratus of the above type wherein a plurality of evapora 
tion chambers are arranged in cascade, each operating 
at the same or slightly lower pressure and having means 
for reheating the vapors formed in each of the chambers, 
so that the resulting vapor issuing from the last pressure 
chamber is still in a condition of su?iciently high pres 
sure and superheat for employment as motive ?uid in 
a steam turbine power plant, before condensation of the 
vapor and off take of the condensate in substantially pure 
water form for other use, as required. 
A still further object of the invention is to provide a 

highly improved method of ?ash evaporating mineralized 
or otherwise impure water, such as sea water, and re 
heating the resulting vapor to a suf?ciently high degree for 
employment in a steam turbine power plant, while col 
lecting the saline impurities removed from the vapor in 
substantially dry pulverous form for useful purposes. 

Brie?y, in accordance with the invention, there is pro 
vided a substantially closed casing forming a ?ash vapor 
izing chamber, means including a nozzle for admitting 
saline or otherwise impure water into the chamber in a 
?nely divided spray and means including a second nozzle 
for admitting superheated steam at high pressure into the 
chamber at a rate suf?cient to completely vaporize the 
saline water by direct contact heat exchange. ‘The cas 
ing is further provided with a lower convergent portion 
for collecting the ?nely divided salt particles that are re 
moved from the saline water during vaporization so that, 
from time to time, or continuously, as desired, the sub 
stantially dry salt may be removed therefrom for useful 
purposes. 
The resulting vapor formed in the vaporizing chamber 

is employed to motivate a steam turbine power plant be 
fore ultimate condensation. Before admission to the tur 
bine, the vapor may be directed through a boiler wherein 
it is reheated to the degree most suitable to motivate 
the turbine. Means is further provided for directing some 
of the thus reheated vapor to the vaporizing chamber to 
continue the process of vaporizing the saline water. By 
proper regulation of the steam ?ow rate into the vapor 
izing chamber as well as regulation of the rate of ad 
mission of saline water into the chamber, complete vapor 
ization of the saline water may be continuously main 
tained. If required, a suitable moisture separator may be 
interposed between the boiler and the vaporizing cham 
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bet to remove particles of unvaporized saline moisture, 
thereby to improve the degree of puri?cation of the vapor. 

_ After expansion in the turbine with concomitant dis 
sipation of superheat and high pressure, the substantially 
vitiated vapors are condensed in a suitable surface con 
denser to provide substantially pure water. 

If desired, some of the thus condensed water may be 
returned to the boiler in a substantially closed loop for 
re-evaporation purposes. 
The invention is susceptible of many modi?cations. 

For example, a plurality of casings may be employed and 
arranged in cascade. With this arrangement, impure 
water is admitted into each of the vaporizing chambers 
and the pressurized superheated vapor formed in the ?rst 
chamber is further heated before admission to the suc 
ceeding chamber. Accordingly, the successively reheated 
vapor ?ow from one chamber to the next permits opera 
tron of each successive chamber at nearly the same high 
pressure and temperature as the one immediately up 
stream thereof. The last vaporizing chamber in the 
series is subjected to the aggregate vapor flow from all of 
the vaporizing chambers preceding it. Hence, the vapor 
delivered from the last vaporizing chamber is at a suf 
?ciently high pressure and condition of superheat for 
direct admission to the steam turbine, with attendant 
operating economies and increased yield of pure water. 
The foregoing and other objects are effected by the 

invention as will be apparent from the following descrip 
tion taken in connection with the accompanying draw‘ 
mgs, forming a part of this application, in which: 
FIG. 1 is a schematic view illustrating apparatus for 

evaporating mineralized water such as sea water for pro 
viding substantially pure water and dry salt, in accord 
ance with the invention; 
FIG. 2 is a schematic view similar to FIG. 1 illustrat- . 

ing a second modi?cation of the invention, and 
FIG. 3 is a schematic view illustrating another embodi 

ment wherein a plurality of vaporizing chambers of the 
type shown in FIG. 2 are staged or arranged in cascade 
to increase the yield of pure water and dry salt. 

Referring to the drawings in detail, in FIG. 1 there 
is shown apparatus including :a closed casing 10 capable of 
withstanding high pressure and temperature and de?ning 
a water vaporizing chamber 11. i The upper portion of 
the casing 10 is provided with a suitable downwardly 
directed nozzle 12 to which impure water, such as sea 
water or otherwise mineralized water, is directed by a 
suitable conduit 13 having a pump 14 interposed therein 
to highly pressurize the water, so that it issues from the 
nozzle 12 into the chamber 11 as a ?nely divided or 
atomized spray. , 

In the lower portion of the casing 10 there is provided 
an upwardly directed second nozzle 15 for admitting steam 
in spray form into the evaporating chamber 11. Steam 
from a suitable source (not shown) is delivered to the 
nozzle 15 with a high degree of superheat and at a slightly 
lower pressure than the nozzle 12 by conduit structure 
16 and 17, and a suitable valve 18 may be interposed 
in the conduit 16 to control the steam ?ow rate there 
through. 
The upper portion of the casing 10 is provided with a 

suitable moisture separating device 19 having its inlet 
in communication with the chamber 11 and its outlet 
connected to a blower 20 by a conduit 21. A boiler 23 of 
any suitable type is also provided having a heating coil 
structure 24 disposed therein which is connected at one 
end to the outlet of the blower 20 by a conduit 25 and 
at its other end to the steam spray nozzle 15 by a con 
duit 26. As illustrated, the conduit 26 is disposed in 
parallel arrangement with the steam supply conduit 16 
so that as hereinafter to be described, steam may be ad 
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mitted to the steam spray nozzle 15 by the conduit 16 
and/ or the conduit 25. > 
There is further provided a steam turbine power plant 

of any suitable well known type including a steam tur 
bine 28 operatively connected to a suitable load such as 
an electric generator 29. The turbine 28 is of the con~ 
densing type and is further provided with a surface type 
condenser 30 having a coil structure 31 through which a 
suitable ?uid coolant is passed, and equipped with a suit 
able pump 32 for pumping out the vapor condensed in 
the condenser 30, as well known in the art. 
The turbine 28 is connected to the conduit 26 by a 

steam conduit 34 having a suitable valve 35 interposed 
therein, so that steam ?ow through the turbine 23 may 
be turned on or oil or otherwise regulated as desired dur 
ing operation. 
To initiate operation of the above described apparatus, 

the valve 35 is closed and the valve 18 is opened and a 
modest quantity of superheated steam is admitted to the 
vaporizing chamber 11 through the conduits 16 and 17 
and the spray nozzle 15. Flow of impure Water is then 
initiated by opening a suitable valve 37 in the impure 
make-up water conduit structure 13. The ensuing atom 
ized water spray is intimately intermixed with the highly 
heated steam spray with resulting ?ash evaporation of the 
water spray. Hence, during operation, the internal walls 
of the chamber 11 are maintained in a substantially dry 
condition. By proper regulation of the steam admission 
valve 18 and the “make-up” water admission valve 37, a 
proper balance in the heat exchange may be obtained 
so that all of the impure water is ?ashed into steam and 
the resulting dry salt crystals fall by gravity to the bottom 
of the chamber 11, Where they are collected in a lower 
conical portion 39 in the casing 10, for subsequent re 
moval through an outlet 40. The particle size of the salt 
crystals is directly proportional to the water spray droplet 
size, hence the salt collected in the conical portion 39 is 
pulverous or granular in character. 
The vapor thus formed augments the volume of the 

steam admitted through the nozzle 15 and the two vapor 
mixtures, although still at a superheat, contain a lower 
degree of superheat. This steam mixture is directed 
through the moisture separating device 19 wherein any 
particles of unvaporized mixture are collected and returned 
to the chamber 11. The thus dried steam may then be 
pumped to its initial pressure by the blower 20 and di 
rected through the heating coil structure 24 of the boiler, 
wherein it is reheated to the initial condition of superheat 
required. This steam is then again admitted to the evapo 
rating chamber 11 and the rate of ?ow of the impure make 
up water is increased accordingly by further opening the 
valve 37. This step further increases the quantity of vapor 
formed by the increased rate of evaporation of the impure 
Water. 
The recirculation process is continued until the heating 

capacity of the boiler 23 is attained, at which time the 
steam supply through conduit 16 is interrupted by turn 
ing the valve 18 to the closed position, andthe valve 35 
is opened to initiate ?ow of the highly pressurized and 
superheated steam to the turbine 28. By proper regula 
tion of the valves 35 and 37, suf?cient steam is directed 
into the vaporizing chamber 11 by the nozzle 15 to com 
pletely ?ash vaporize the water sprayed thereinto by the 
nozzle 12, thereby increasing the volume of steam suf 
?ciently to maintain the evaporation process and motivate 
the steam turbine 28. After expansion in the turbine 
28, the thus vitiated steam is condensed in the condenser 
30 and pumped therefrom by the pump 32 through a 
suitable conduit 42, for any desired useful purpose, in 
pure water form. 
The salt collected in the conical portion 38 of the 

casing 10 may be continuously, or from time to time, 
removed through the outlet 40 for useful purposes as 
desired. Hence, in addition to the pure water obtained, 
a substantially pure salt derived from the process may 
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be sold commercially to enhance the economic aspects 
of the apparatus. _ 
The amount of heat required to produce the pure 

water at the outlet 42, beyond ‘that required to generate 
power in the turbine 28, is relatively small—about 
30 B.t.u.’s per pound of pure water produced, so that the 
increased cost for fuel to operate the boiler 23 is very 
low. According to calculations of a preliminary nature, 
the operating cost of the fuel should be about 1 cent 
per thousand gallons of water. 
From the above it will be seen that the system shown 

and described in connection with FIG. 1 provides three 
useful commodities at relatively loW cost, electric power, 
pure water and salt, in a highly simpli?ed system. 

In FIG. 2 there is shown a second embodiment show 
ing another modi?cation of the invention. This embodi 
ment is similar in many aspects to that shown and de 
scribed in connection with FIG. 1. Accordingly, Where 
similar structure is shown, the same/references apply. 

In this embodiment, the casing 18 may be substantially 
identical to that shown in the ?rst embodiment and op 
erates in substantially similar manner. It is employed 
in connection with a boiler 53 of the reheater type hav 
ing an additional reheating section comprising a heat 
ing coil structure 54. This reheating coil structure 54 
is connected at on end to the vapor conduit 21 from the 
evaporating chamber 11, and at its other end to the in 
let of the turbine 28 by a conduit 55. Also, a portion 
of the condensate in pure water form is returned to a 
separate heat exchange portion 57 of the boiler 53 by a 
conduit 59 connected at its upstream end to the outlet 
of the condensate pump 32 in parallel with the pure 
water off take conduit 42. A suitable boiler feed pump 
68 is interposed in conduit 59 for pressurizing the Water 
returned to the boiler portion 57 as feedwater. In the 
boiler portion 57, the water is converted into pressurized 
superheated steam and is thence delivered to the spray 
nozzle 15 by a suitable conduit 61. 

In operation, highly pressurized superheated steam is 
sprayed into the evaporating chamber 11 by the steam 
spray nozzle 15, While impure make-up water at a slightly 
higher pressure is sprayed thereinto by the water spray 
nozzle 12. Here again the intermingling of the steam 
and water sprays evaporates the water by “?ashing,” and 
the resulting vapor mixtureis thence directed through the 
moisture separator is and conduit 21 to the reheat sec 
tion 54 of the boiler, wherein it is superheated to the re 
quired higher degree for motivating the turbine 28. 
The steam is admitted to the turbine 28 by the conduit 

55 and, after expansion, condensed in the surface con 
denser 30, and the resulting condensate is pumped there 
from by the condensate pump 32. A portion of the con 
densate in pure water form is removed from the system 
for other useful purposes through the conduit 42, while 
the remaining portion is returned to the boiler 53 as 
feedwater through conduit 59. During its ?ow through 
the conduit 59 the feedwater is pressurized to the de 
gree required in the system by the boiler feed pump 
60. Accordingly, the steam generated in the heat ex 
change portion 57 of the boiler is at high pressure and 
in a condition of high superheat. 
As previously described in connection with the ?rst 

embodiment, by proper regulation of the valve 37 in the 
impure make-up water conduit 13, proper balance may 
be obtained in the evaporating chamber 11 so that all 
of the incoming water spray is ?ash evaporated in a con 
tinuous process with the continuous formation of dry 
salt in granular form. 
With the abOVe described arrangement no auxiliary 

supply of steam is required for vaporization of the im 
pure water, since this steam is continuously provided 
bythe boiler 53. 
FIG. 3 shows a modi?cation of the arrangement shown 

in FIG. 2 employing a plurality of casings 10 having 
vaporizing chambers 11a, 11b, 11c, 11d, 11a and 11]‘ 
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arranged in cascade. In this embodiment, there is pro 
vided a boiler 63 having a plurality of reheat sections 
64, 65, 66, 67 and 68 for reheating the vapor formed in 
each of the vaporizing chambers 11a to 112, respectively. 
The impure water, after being pressurized by a suitable 
pump 69, is delivered to each of the vaporizing cham 
bers lla'to 11]‘ by a plurality of branch conduits 13a 
to 139‘, respectively, connected in parallel with the outlet 
of the pump 69. Each of these conduits 13a-13f may 
be provided with a valve 72 for regulating the rate of 
?ow of impure make-up water therethrough, as subse 
quently to be described, and the casings 10 are inter 
connected in such a manner that the vapor formed in 
chamber 11a is directed through a conduit 74 to one end 
of the reheat section 64 and after passing therethrough 
with attendant reheating to a higher value, it is delivered 
therefrom to the steam spray nozzle 15 in chamber 11!) 
by a conduit 75. . 

In a similar manner, the vapor formed in chamber 
11b is directed by a conduit 76 to its associated reheat 
section 65, and from the reheat section 65 to the chamber 
11c by a conduit 77, etc. The steam supply for the 
?rst vaporizing chamber 11a is provided by the usual 
steam generator section 78 of the boiler 63 and directed 
to its associated steam spray nozzle 15 by a suitable 
conduit 79, while the vapor stream from the last vaporiz 
ing chamber 11]‘ is delivered to the turbine 28 by a suit 
able conduit 80 to provide motive power thereto. The 
remaining portion of the system is substantially identical 
to that shown in FIG. 2 and includes the surface con 
denser 30 for condensing the vitiated steam exhausted 
from the turbine 28, a pump 32 for pumping the result 
ing condensate from the condenser 30 and the pump 60 
for pumping a part of the condensate to the steam generat 
ing section 78 of the boiler as feedwater. 

In operation, highly pressurized and superheated steam 
is delivered by the steam generating section 78 to the 
steam spray nozzle 15 of the ?rst chamber 11a con 
comitantly with the spray of impure Water thereinto 
through the nozzle 12, with resultant ?ash evaporation 
of the impure water to augment the volume of vapor, so 
that the resulting vapor ?ow through the conduit 74 to 
the reheat section 64 is greater than the flow of steam 
through the steam spray nozzle 15 by the amount gener 
ated in complete vaporization of the incoming impure 
spray. The thus augmented and reheated vapor thence 
flows through conduit 75 to the steam spray nozzle 15 of 
chamber 11b to ?ash vaporize the impure water admitted 
thereto by its associated spray nozzle 12. The resulting 
vapor is again increased in this chamber by the amount 
formed by complete evaporation of the impure water 
sprayed thereinto and this augmented steam flow is 
delivered to the reheat section 65 by the conduit 76. 
In a similar manner, the vapor thus reheated in reheat 
section 65 is delivered to the vaporizing chamber 11:: by 
conduit 77, etc. Accordingly, in each of the successive 
evaporating chambers 11d, He and 11]‘ the vapor ?ow is 
augmented until all of the thus generated vapor is delivered 
through the conduit 80 as motive ?uid for the steam 
turbine 28. 

In a manner similar to that described in connection 
with the embodiment shown in FIG. 2, a portion of the 
condensate is returned to the boiler 63 and the remainder 
is removed through conduit 42 in pure water form for 
other useful purposes. However, in this embodiment, 
the quantity of pure water formed is a considerably 
larger portion than that required as boiler feedwater. 
By way of example, by proper proportion and design of 
the apparatus, the quantity of pure water removed through 
conduit 42 may be on the order of two-thirds of the total 
capacity of the vaporizing chambers Ila-11f, inclusive, 
so that only one-third of the quantity of water produced 
is required to feed the boiler steam generating section 
75. Also, since the quantity of superheated steam 
sprayed into the vaporizing chambers is progressively 
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6 
increased from one chamber to the next, each successive 
chamber is capable of vaporizing more impure water than 
its immediately adjacent upstream neighbor. 

It will now be seen that the invention provides appa 
ratus for evaporating mineralized or otherwise impure 
water with highly improved e?iciency. It will further 
be seen that the invention provides apparatus of highly 
simpli?ed form for demineralizing water in which the 
minerals, such as salt, are precipitated in the evaporat 
ing chamber in ?ne granular form and in a dry state. 
The granular salt thus precipitated may be conveniently 
removed for sale or other useful purposes, thereby enhanc 
ing the economic value of the apparatus by providing a 
return on the investment that reduces the cost of producing 
the pure water. 
With this arrangement, substantially all of the recover 

able heat energy in the vapor is recovered in the turbine 
to provide useful power. Hence, in addition to the 
production of pure Water and granular salt, useful power 
may also be obtained to motivate an electric generator or 
the like. Since steam turbine power plants are usually 
employed by electric power generating utilities and, since 
pure feedwater is required from time to time to augment 
that employed in the system, as required to replace water' 
lost from the system, this arrangement is highly desir 
able for such application. 
While the invention has been shown in several forms, 

it will be obvious to those skilled in the art that it is not 
so limited, but is susceptible of various other changes and 
modi?cations without departing from the spirit thereof. 
What is claimed is: 
1. Apparatus for evaporating impure water comprising 
a closed casing forming a ?ash vaporizing chamber, 
means including a nozzle for admitting pressurized 
impure water into said chamber in a ?nely divided 
Spray, 

a boiler, 
means for admitting pressurized superheated steam 
from said boiler into said chamber and into direct 
contact With the impure water spray at a rate suf 
ficient to completely vaporize said impure water, 

said casing having a portion disposed below said nozzle 
for collecting solid impurities removed from said 
impure water during vaporization, 

said boiler having a reheater portion, 
means for delivering the vapor from said chamber to 

said reheater, 
said reheater heating said vapor to a superheated 

condition, 
means including a steam turbine for extracting energy 

from the superheated vapor by expansion, 
an external load driven by said turbine, 
means for conducting at least a portion of the super~ 

heated vapor from said reheater to said turbine, 
means for condensing the vapor after expansion of 

the vapor, 
means for returning a portion of the condensed vapor 

to said boiler, 
and means for removing the remainder of the con 

densed vapor for other purposes. 
2. Apparatus for evaporating impure water comprising 
a closed casing forming a ?ash vaporizing chamber, 
means including a ?rst nozzle for admitting pressurized 

impure water into said chamber in a ?nely divided 
Spray, 

means including a second nozzle for admitting pres 
surized superheated steam into said chamber and 
into direct contact with the impure water spray at a 
rate su?icient to completely vaporize said impure 
water, 

?rst conduit structure connected to said second nozzle 
for delivering steam thereto, 

said casing having a portion disposed below said noz 
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zles for collecting solid impurities removed from 
said impure water during vaporization, 

a boiler having an inlet and an outlet, 
means for delivering the vapor from said chamber to 

said boiler inlet including a blower for pressurizing 
the vapor, 

said boiler being e?ective to heat said vapor to a 
superheated condition, 

a steam turbine for extracting energy from the super 
heated vapor by expansion, 

an external load driven by said turbine, 
second conduit structure connecting said boiler outlet 

jointly to said second nozzle and said turbine, 
and means for condensing the vapor after expansion in 

said turbine. 
3. Apparatus for evaporating mineralized water com 

prising, 
means de?ning at least ?rst, second and third closed 

?ash vaporizing chambers, 
each of said chambers having means for admitting 

pressurized mineralized water thereinto in a spray, 
and means for admitting steam thereinto and into 

direct contact with the water spray at a rate sul? 
cient to completely vaporize said mineralized water 
spray, 

said chambers each having a lower portion for collect~ 
ing solidi?ed minerals removed from the water dur 
ing vaporization; 

a steam boiler having at least one steam reheating 
section and a steam generating section, 

said steam generating section being connected to said 
steam admitting means of said ?rst chamber, 

conduit structure connecting the upper portion of said 
?rst chamber to said reheating section, ' 

conduit structure connecting said reheating section to 
said steam admitting means of said second chamber, 

means including conduit structure connecting the upper 
portion of said second chamber to said steam ad 
mitting means of said third chamber, 

a power plant including a steam turbine and an ex 
ternal load driven thereby, 

8 
conduit structure connecting the upper portion of said 

third chamber to said steam turbine, 
means including a surface condenser connected to said 

turbine, and 
5 ' means for removing at least a portion of the condensed 

vapor from said condenser to provide a supply of 
pure water. 

4. The method of operating a water evaporating sys 
tem having at least ?rst, second and third vaporizing 

10 chambers and a steam turbine which comprises 
admitting pressurized mineralized water into each of 

said chambers in a ?nely divided spray, 
admitting superheated steam into said ?rst chamber 

and into direct contact with the mineralized water 
15 spray at a rate su?icient to substantially ?ash said 

mineralized water spray into vapor and solidify the 
minerals in small particle form, 

reheating said vapor, 
admitting said vapor to said second chamber to ?ash 

20 the mineralized water spray into vapor by direct 
contact, 

reheating the vapor generated in said second chamber, 
directing the reheated vapor from said second cham 

ber to said third chamber to ?ash the mineralized 
25 water spray into superheated vapor by direct 

contact, 
directing said superheated vapor through said steam 

turbine to motivate the latter, 
employing said turbine to drive an external load 

30 device, 
and condensing the vapor passed through the turbine 

to provide pure water. 
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