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25,232
PLURAL STAGE FLASH EVAPORATION
METHOD
Richard W. Goeldner, Brookfield, Wis., assignor, by
mesne assignments, to Agqua-Chem, Inc., Waukesha,

Wis., a corporation of Wisconsin
Original No. 2,959,524, dated Nov. 8, 1960, Ser. No.

568,576, Feb. 29, 1956. Application for reissue Oct.

18,1961, Ser. No. 146,408

6 Claims. (Cl 202—53)

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to evaporation and more partic-
ularly to a method of evaporating and recovering liquid
from a solution and apparatus for carrying out the
method.

It is a general object of the invention to provide a new
and improved method of and apparatus for evaporating
and recovering liquid from a solution.

It is desirable in many operations to evaporate liquid
from a solution and to condense the vapor thus evolved
so as to recover liquid from the solution in a purified
state. For example, ships and submarines operating in
salt water require a supply of fresh water for use as boiler
makeup water, for drinking purposes, and others, and
such fresh water is obtained by evaporating sea water
and condensing the vapor therefrom. Evaporating and
distilling apparatus for this purpose and like purposes
should preferably operate continuously and efficiently

over long periods with a minimum of attention and

maintenance.

Presently available equipment of the type described is
unsatisfactory in certain respects. For example, consid-
erable sea water temperature variation is encountered as
the vessel moves from one locality to another, or, in the
case of submarines, from the surface to various depths
of submergence. These sea water temperature variations
alter the operation of the equipment so as to cause varia-
tions in the operating temperatures and pressures in the
boiling chambers of the distiller, resulting in varying vapor
separator loads and, in turn, resulting in varying distillate
quality unless constant attention is given and adjustments
made to. counteract the varying feed water temperature
conditions. Also, varying sea water temperatures cause
variations in the steam consumption and in the quantity
of distillate produced.

With the above and other considerations in mind, it is
an object of this invention to provide a new and improved
method of and apparatus for vacuum distilling which per-
mit production of distillate at generally uniform rate and
of uniform quality with widely varying feed solution tem-
peratures.

It is also an object of the invention to produce a new
and improved method of and apparatus for vacuum dis-
tilling which permit the maintenance of temperatures
and pressures at predetermined levels in a distiller with
relatively constant steam consumption even though feed
solution temperature varies.

Another object is to provide a vacuum distiller with
automatic control maintaining separator loads generally
constant even though feed water temperatures may vary
considerably,

A further object is to provide a vacuum distiller for
submarine service having automatic control for main-
taining pressures in the boiling chambers substantially at
predetermined levels.

Other objects and advantages will become readily ap-
parent from the following detailed description taken in
connection with the accompanying drawings, in which the
single FIGURE is a diagrammatic illustration of a vac-
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num distilling system and apparatus embodying the pres-
ent invention.

While an illustrative embodiment of the invention is il-
lustrated in the drawings and will be described in detail
herein, the invention is susceptible of embodiment in
many different forms, and it should be understood that the
present disclosure is to be considered as an exemplifica-
tion of the principles of the invention and is not intended
to limit the invention to the embodiment illustrated. The
scope of the invention will be pointed out in the appended
claims.

Referring now to the system illustrated in the drawings,
it includes an evaporator 10 comprising a closed vessel
of suitable size and shape and having a separator plate
11 dividing the evaporator into at least two stages having
first and second boiling chambers 10a and 10b for first
and second or last stages of evaporation. The evaporator
10 includes a solution inlet 12 leading to the first boiling
chamber 10a and a blowdown outlet 13 leading from the
second boiling chamber 10b. The two boiling chambers
of the evaporator are connected by a conduit loop 14
which takes overflow from the first stage chamber 10a into
the second stage chamber 10b.

Sea water is- drawn into the system by means of a
pump 15 having its outlet connected to a conduit 16
which delivers the sea water to a first out-of-contact heat
exchanger, or condenser, 17 which, as illustrated, is pro-
vided within the shell of the evaporator 10 for receiving
vapor from the second stage boiling chamber for con-
densation. The outlet from the condenser 17 is con-
nected to a conduit 18 which is in turn connected to a
conduit 19 leading to a second out-of-contact heat ex-
changer, or condenser, 20 provided in the shell of the
evaporator 10 to receive vapor from the first stage boiling
chamber for condensation., The feed water outlet from
the condenser 20 is connected to a conduit 21 which con-
ducts the feed water from the condenser 20 to a feed water
heater 22, from which the feed water is supplied to the
evaporator inlet 12 by means of a conduit 23.

Brine, commonly referred to as “blowdown,” is with-
drawn from the evaporator 10 and delivered to an outlet
line 25 by means of a pump 26. As described more fully
hereinafter, a substantially fixed, predetermined minor
quantity of the blowdown is delivered from the outlet
line 25 to a line 27 which may be connected to high-pres-
sure pumps for discharging the blowdown overboard,
while a major portion of the blowdown is delivered to a
line 28 for recirculation through the system and through
the evaporator 10.

Vapor rising from the solution in the boiling chambers
of the evaporator 10 passes through tortuous courses pro-
vided in separators 29 to the condensers 17 and 20, vapor
from the first stage chamber 10a passing to the condenser
20, and vapor from the second stage chamber 10b passing
to the condenser 17, as indicated by the arrows in the
drawing. Entrained liquid in the steam passing through
the separators falls out and returns to the boiling cham-
bers, as indicated by arrows 30. Steam in the condenser
17 is condensed and the condensate passes through a pipe
31 to a distillate receiver or well 32. Condensate from
the condenser 20 passes through a pipe 33 to the distillate
well 32. The distillate is pumped from the well or re-
ceiver 32 by means of a pump 34 having its outlet con-
nected to a pipe 35 having a valve 36 controlled by a float
37 in the well 32 so as to maintain a sufficient quantity
of distillate in the well to prime the pump at all times.

The vapor chambers of the condensers 17 and 20 are
connected together by a line 40 and a line 41, and these
chambers are evacuated through a line 42 permitting re-
duced pressure above the solution in the evaporator 10
so as to effect boiling and evaporation of the solution in
the evaporator at temperatures substantially below 212°
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F. For example, the temperature may normally be main-
tained at 130° F. in the first stage of the evaporator, and
at 90° F. in the second stage of the evaporator. Exhaust
steam from the turbines or main source of consumption
aboard the vessel is utilized to establish a vacuum in the
line 42, and for this purpose a conduit 43 leads from the
turbine exhaust, for example, and includes double ejectors
44 and 45 having a suitable connection with the line 42
s0 as to evacuate this line and remove non-condensible
gases so that a vacuum imay be established in the evapo-
rator 16. The lines 40 and 41, connecting the vapor cham-
bers in the condensers 17 and 20, also have a connection
with the line 46 leading from the distillate well or receiver
32 so that any vapor in the receiver is also withdrawn
through the line 42.

Steam passing from the ejectors 44 and 45 passes
thence through a line 50 for utilization as a source of
heat in the feed water heater 22. This ejector steam sup-
plied to the feed water heater 22 provides only a minor
portion of the heat required at the heater 22, and addi-
tional heating steam is supplied to the heater 22 through
a line 51 which may also lead from the exhaust system
at the turbines or other consuming devices on board the
vessel. Condensate is withdrawn from the heater by a
pump 52.

In the past, systems of the character described have
included the practice of pumping the entire blowdown
from the evaporator overboard through lines such as that
illustrated at 27. This required the use of brine over-
board pumps developing extremely high heads in order
to oppose the high pressures encountered when a sub-
marine is submerged to great depths. Additionally, this
practice required that the entire blowdown withdrawn
from the evaporator be continuously replaced by like
quantities of fresh sea water drawn into the system.
Thus, the entire solution being circulated through the
svaporating system was subjected to the varying temper-
atures encountered in the sea water feed, giving rise to
the disadvantages alluded to hereinabove.

According to the present invention, a substantial por-
tion of the blowdown is recirculated through the system,
with only a minor portion being pumped overboard.
That portion of the brine which is recirculated is mixed
with incoming fresh water, and the admission of fresh
water to the system is controlled by the temperature in
the evaporator, the mixture of the fresh water drawn into
the system being controlled by the level of the solution in
the evaporator. To this end, the line 28 which is con-
nected to the brine circulating pump 26 is connected in
tarn to the line 19 which leads to the condenser 2¢.

A temperature sensing element 54 is provided in the
avaporator 10 at the second stage, and this temperature
slement is connected to control the opening and closing
of a valve 55 in line 16 through which fresh water is in-
troduced into the system. The valve 55 is bypassed by
a line 56 having a manually controllable valve 57 which
permits filling the system quickly on initiating operation.
Thus, the admission of fresh solution to the condenser
17 is controlled by the temperature in the evaporator 10
in the second stage.

Fresh solution passing through the line 18 from
the condenser 17 for mixture with the recirculating brine
in the line 19 is controlled by a valve 58 in the line 18.
The valve 58 is connected with a float 59 in the evaporator
at the second stage so that the opening and the closing of
the valve 58 is regulated by the level of the solution liquid
in the evaporator. A waste discharge line 60 leads from
the line 18 in advance of the valve 58 so as to discharge
that portion of the fresh water introduced which is not
mixed with the recirculating brine.

In operation, if the temperature of the sea water en-
sountered by the vessel should rise, this would be reflected
n a rise in temperature in the evaporator. If the tempera-
aire in the second stage of the evaporator rises above the
desired normal temperature (90° F., for example), the
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rise in temperature is sensed by the element 54 which
effects operation of the valve 55 so as to admit additional
fresh cooling water to the system. The fresh cooling water
passes to the condenser 17 and from there to the conduit
18 from which it passes through either the valve 58 or the
waste discharge line 60. In either event, the effect of the
fresh cooling water is to lower the temperature until the
system is restored to its proper heat balance.

In response to lowering the level of the water in the
evaporator for any reason, the float 59 is effective to op-
erate the valve 58 so as to admit additional fresh water for
mixture with the recirculating brine in the line 19.

Conversely, if a decrease in sea water temperature is
encountered, this is reflected in a lowering of the tempera-
ture in the second stage of the evaporator. The tempera-
ture sensing element 54 responds to these conditions by
reducing the amount of fresh water taken into the system
through valve 55 so that the temperature in the evaporator
is elevated until the system is restored to its proper heat
balance.

If for any reason the water in the evaporator rises
above the desired level, the float 59 is effective to operate
the valve 58 to reduce the fresh water admitted to the
line 19 for mixture with the recirculating brine, so that
the water in the evaporator is maintained at the proper
level at all times.

Thus, it will be appreciated that I have disclosed a
method of and apparatus for vacuum distiling wherein
pressures and temperatures in the evaporator are main-
tained automatically at predetermined values regardless
of varying sea water temperatures encountered so as to
produce distillate of a uniform quality at a uniform rate.
Economy in operation results since the steam consump-
tion is generally constant. An additional advantage of
the present system is that scaling is reduced by maintaining
the lower temperatures in the evaporator while distillate
production remains fairly constant over a wide range of
feed water temperature at the inlet.

I claim:

1. The method of operating a flash evaporator having
a plurality of stages in horizontally spaced series relation-
ship from a first and highest pressure stage to a last and
lowest pressure stage, said evaporator having a condenser
section and a flash chamber [in] within each stage for
distilling salt water which comprises, withdrawing brine
from a lower stage of the evaporator, discharging a
minor portion of said withdrawn brine to waste, mixing
the major portion of said brine with fresh salt water, pass-
ing the mixture through the condenser section Lof] in
a higher stage of the evaporator to condense vapors
formed in the flash chamber of said higher stage and
then further heating said mixture and introducing the
same into the flash chamber of the first stage of said
evaporator.

2. The method of operating a flash evaporator having
a plurality of stages in horizontally spaced series rela-
tionship from a first and highest pressure stage to a last
and lowest pressure stage, said evaporator having a con-
denser section and a flash chamber [[in] within each
stage for distilling salt water which comprises, withdraw-
ing brine from the lowest stage of said evaporator, dis-
charging a minor portion of said withdrawn brine to
waste, [mixingd passing incoming fresh salt water
through the condenser section of the lowest stage and
then discharging a portion of said fresh salt water to
waste and mixing the remaining portion of said fresh salt
water with the remaining brine of the lowest stage of said
evaporator, passing the mixture through the condenser
section [of] in a higher stage of the evaporator to con-
dense vapors formed in the flash chamber of said higher
stage to heat said mixture, and then further heating said
mixture and introducing the same into the flash cham-
ber of the first stage of said evaporator.

3. The method of operating a flash evaporator having
a plurality of stages in horizontally spaced series rela-
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tionship from a first and highest pressure stage to a last
and lowest pressure stage, said evaporator having a con-
denser section and a flash chamber in each stage for dis-
tilling salt water which .comprises, withdrawing brine
from a lower stage of the evaporator, passing the vapors
formed in each stage through tortuous passages from the
flash chamber to the condenser section in each stage,
discharging a minor portion of said withdrawn brine to
waste, passing fresh salt water through the condenser sec-
tion of the lowest stage of the evaporator and then dis-
charging a [major) portion of said fresh salt water to
waste, mixing the remaining major portion of said with-
drawn brine with the remaining [minor} portion of said
fresh salt water, and passing the mixture through the con-
denser section of a higher stage of the evaporator to con-
dense vapors formed in the flash chamber of said higher
stage, and then further heating said mixture and intro-
ducing the same into the flash chamber of the first stage
of said evaporator.

4. A method of evaporating salt water in a flash evapo-
rator having a plurality of stages in horizontally spaced
series relationship from a first high pressure stage receiv-
ing the salt water to a last and lowest pressure stage pro-
ducing a brine of higher salinity including a condenser
section in each stage which comprises recirculating a ma-
jor portion of the brine of the last stage to the first stage,
withdrawing a minor portion of the brine from the sys-
tem, [mixing new salt water with the recirculating brine
reaching the first stage,] said recirculating including pas-
sage of the brine through the condenser section of a stage
higher than the last stage to condense vapors formed in
the flash chamber of said higher stage, [and then]} further
heating the recirculating brine before introducing it into
the flash chamber of the first stage of the evaporator,
passing fresh salt water through the condenser section
of the lowest stage of the evaporator and then discharg-
ing at least a portion of said fresh salt water 1o waste,
and adding to said major portion of the brine a quantity
of fresh salt water to maintain a predetermined level of
brine in said evaporator.

5. A method of evaporating salt water in a flash evap-
orator having a plurality of stages in horizontally spaced
series relationship from a first high pressure stage re-
ceiving the salt water to a last and lowest pressure stage
producing a brine of higher salinity which comprises, with-
drawing a minor portion of the brine from the system, re-
circulating a major portion of the brine of the last stage to
the first stage, said recirculating including passage of the
brine through the condenser section of a stage higher
than the last stage to condense vapors formed in the flash
chamber of said higher stage and then further heating the
recirculating brine before introducing it into the flash
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chamber of the first stage of the evaporator, passing fresh
salt water through the condenser section of the lowest
stage of the evaporator and then discharging a portion
of said fresh salt water to waste and mixing the remain-
ing portion of said fresh salt water with said major por-
tion of the brine.

6. The method of operating a flash evaporator having
a plurality of stages in horizontally spaced series rela-
tionship from a first and highest pressure stage to a last
and lowest pressure stage, said evaporator having a con-
denser section and a flash chamber within each stage for
distilling salt water which comprises, maintaining a pre-
determined quantity of brine in each stage, withdrawing
brine from a lower stage of the evaporator, discharging a
minor portion of said withdrawn brine to waste, passing
the vapors formed in each stage through tortuous pas-
sages from the flash chamber to the condenser section in
each stage, passing fresh salt water through the condenser
section of the lowest stage of the evaporator and then dis-
charging a portion of said fresh salt water to waste, mixing
the remaining major portion of said withdrawn brine with
the remaining portion of said fresh salt water, passing the
mixture through the condenser section in a higher stage
of the evaporator to condense vapors formed in the flash
chamber of said higher stage, further heating said mixture
and introducing the same into the flash chamber of the

first stage of said evaporator, withdrawing the unflashed

portion. of said mixture from the flash chamber of the
first stage of said evaporator and introducing the same
into the flash chamber of the second stage of said evapo-
rator below the level of brine therein.
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