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15 sThigdnvention relstes:to:method:and: apparatus
. for-distillation -whereby vapor:is séparated:from
# aisolution ‘the term solition:being.used:broadly
asreferringto ‘any. more ‘or less:concentrated.so-
]ution of solids, liquids:or gases:in a medium:that
ds:liquid-underithe: maintained conditions or tem-

perature and pressure. /i il :

.1t is.a purpose: of this. invention to improve the
operation -and: effectiveness:of ithe: vaporization
portion -of & distillationsystem. =i po

/This invention relates: particuiarly to distilla- "

tion systems::wherein:solution:to: be:distilled is
;boiled in :vertically ‘extending :passages: with -up-
. ward: flow.of the boiling solution within the pas-
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It is.0of

By ‘further advantage:according -toithis invention,

.ithat:the-concentration of solutionin the vaporiza-

:‘tlonichamber:is: kept more:uniform:and: forma-

6

10

isages and; recirculation:of ‘the:solution: through 15.

g ,down-comer to:the:lower:ends:of: the passages
- for reboiling.of the:solution therein. . i

=+ This .4 feature:of the: present invention ~that in
B distillation system:of the:character:referred:to

.the incoming feed:-of fresh: solution;:instead.of 20:

.being fed -indiscriminately: into: the ibody: of 150~
lution in:theivaporization.-chamber as hds been
.the:general .prior:. practice, is fed: into-the:down-
comer portion of the system: -Itiis:a:further fea~

ture .of::this-invention:that:'the:incoming:feed 25,
is- discharged -into: the : down-comer -through:an::

-ejector that forcibly ejects:the incoming feed:.into
.the:down-~comer.inthe direction:of normal: flow
of solution through:the down-comer:: It is & fur-

e‘.feed discharge header;and: -
“shown in Fig. 3.

tion-of-undesirable zones o] ‘excessive solute‘ on-
centration is minimized; sz -
+Further purposes;: features andiadvantages: of

_ this invention will be apparent in:connection with

the following:descriptionof::the:embodiment:‘of

thissinvention; which s shown: for: purposes of il-
‘lustration inthe accompanying drawing, whérein

Flig. 1.is 'a-side elevation, largely-diagrammatic,

f,«of distillation-apparatus gecording to:this: inven-
stion;which:is:shown,:for:illustrative purposes;:as

part of & distillation system of the vapor: compres-
sion type. i % £
Fig: 2 is;an: enlarged view of ‘thewvaporization

-f-and ‘heat: exchanger: portions: of :the :apparatus
zshown in Fig, 1;:the view being a:side: levation

‘partly. in. section, ; ST
:Fig.3 is:a detail:plan iew of the feed line and

./ Fig. 4 1s a.detail side eievation of the apparatus

. {The, solution:to be: distilled is contained in.etlie :

. vaporization chamber. 10..-Within' the vaporiza-
tion chamber.is the heat exchanger,:which is in

the. form.of.a plurality of:vertical:tubes {{.that

.are. held in: -position- by the:barrier:plates:12:and

‘ther feature:of:this invention-that.the outlet for 30 {24 and which are open-ended at their upper and
-withdrawing: concentrated:solution:from the sys-

tem is:arranged; so:that:the-concentrated: solu-
toniis withdrawn:at: a point:between the. upper
endsiof: the passages &nd:the point:in the'down-

lower, ends. - In: the space ‘about: the exterior of
the: tubes ll and - between barrier plates:{2:and
l2a . heated fluid can- ‘be supplied for the purpose
of maintaining the heated-fluid. in out-of-contact

comer where the fresh solution is introduced 35 heat .exchange relation with: the:solution:within

therein. ; : : i ‘

There. are several advantages that result from
the practiee of:this invention.: By introducing the
incoming fresh:solution into:the down-comer:por-

the tubes: 1150 that by maintaining: the fluid:st
a temperature above thebolling point;of-the so-
lution within the: tubes: ki, :the solution in the
tubes will boﬂ and. generate vapor:which;rises:in

tion. of the: system the-circulation of:solution to 40 the; tubes and escapes into-:the: vapor tegion: i3
;. above.the . normal.liquid, level of: solution in:the

and through -theiboiling:: passages:.and: back
through-the. down-comer:is:improved.. This im-
provement ;is.due, to-the: fact. that; the incoming
feed.is:.ata lower semperature than the solution

‘being:boiled within the boiling passages. . By:mix- 45

ing thecooler. incoming feed:with the liquid In :
the down-comer. the temperature of the; Uquid: in
the.down-comer, is.kept at: a; minimum, thereby
holding its: density at 6 maximum:..In.this:man=

ner: convection currents. induced bY. diﬂ’erences in &0 ferred-to herein and
- comer”

vaporization chamber. .
The generation of vapor n. the tubes I l and the
l :

tubes:H and returns: th
is;very:substantial:
Merelv:\f_or»illustratio
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vaporization chamber is shown as a supply of
compressed vapor, the compressed vapor being
the vapor, after compression, that is evolved in
the vaporization chamber 10, this type of system
being representative of distillation of the vapor
compression type. The vapor that is evolved in

&

the vaporization chamber escapes into the vapor .

region 13, and, in order to eliminate entrained
droplets of solution, can be passed through any
suitable type of liquid-vapor separator, which, for
purposes of illustration, is shown in the drawing
as comprising the bafles 15. The vapor then
passes through the low pressure vapor line 32 to
the compresssor 16 which may be of any suitable
type and which may be driven by any suitable
source of power such as the motor {1. The vapor
compressed by the compressor 16 is directed by
the compressed vapor line {8 to the region sur-
rounding the tubes {1. The vapor compressed by
the compressor is compressed to a pressure such
that its condensing temperature is above the
boiling point of the solution within the tubes H.
Such being the case the compressed vapor will
be condensed and give up its Jatent heat of vapor-
ization as well as any sensible heat carried there-
by to the boiling solution with which it is in out-
of-contact heat exchange relation.
densate is taken off through the line (8.

The concentrated solution that results from the
boiling of solution in the vaporization chamber,
afier the separation of vapor therefrom, is di-
rected from the vaporization chamber by the line
20, which is provided with a receiving mouth 33
which determines the normal liquid level of solu-
tion in the vaporization chamber 10.

At the bottom of the vaporization chamber.

there is shown an electrical heating element 29
which can be employed to assist in starting the
vapor-compression distillation, or to compensate
for heat losses during operation, as may be desir-
able. If desired, the distillation unit can be sur-
rounded by suitable thermal heat insulating
material (not shown).

In the system shown, the hot concentrated
solution withdrawn from the vaporizstion cham-

ber through line 20, and the hot condensate with- .

drawn through the line {9, are directed in out-
of-contact and -counter-flow heat exchange rela-
tion in preheater heat exchanger 21 with incom-
ing feed of fresh solution which enters the system
through line 22 and is directed from the heat
exchanger 21 to the vaporization chamber 10 by
the line 23. The feed is preferably forced into
the system as by the pump 24 although a gravity
force feed can be employed if desired. The pump
24 may be of a fixed displacement type so that
the amount of feed entering the system can be
controlled by regulation of the speed of the pump.
Alternatively a constant pressure type of pump
may be employed, or a constant pressure gravity
feed may be employed, together with a valve 25,
or other flow regulating device, to control the
rate at which the feed is introduced into the sys-
tem. The employment of a preheater such as
the preheater 21 is not essential to the practice
of this invention, but is especially desirable in a
distillation system of the vapor compression type.
A drain 38, controlled by valve 31, is also provided.

Features of this invention relate to the manner
of introducing the feed of incoming fresh solution
into the body of solution in the vaporization
chamber. In the embodiment shown, the feed is
directed to the header 26 by the feed line 23. The
- header 26 has a plurality of lines 21 projecting
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downwardly therefrom which terminate in noz-
zles 28.

It is to be noted that the feed is injected into
the system in the down-comer passage 14 of the
disillation unit. This has the effect of increasing
the rate of circulation of solution in the vapor-
ization chamber. This increase in rate of circu-
lation is due to the fact that the feed of fresh
solution at a lower temperature is of a greater
density as compared with the balance of the solu-
tion in the vaporization chamber. There is, there-
fore, a greater density differential between the
solution in the down-comer {4 and the solution
in tubes {1, which fact promotes convection cir-
culation. This in itself is one feature and advan-

-tage of the invention. However, it is preferable, -

- as shown, to further promote the circulation of
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The con-

30

35

the solution by the ejector action of the feed of

fresh solution in being discharged into the solu-

tion in the down-comer I4 in the direction of

normal liquid flow in the down-comer. The in-

coming feed is ejected as a jet which affords a .
positive propulsion of the liquid in the down-

comer In the desired direction,

It may also be noted that the incoming feed is
commingled with the solution in the vaporization
chamber so that the outlet for concentrated solu-
tion from the vaporization chamber is intermedi-
ate between the upper ends of the tubes if and
the point of introduction of the feed. In this
manner the incoming feed is caused to wecome
thoroughly commingled with the solution. in the
vaporization chamber and to pass through the
tubes {1 before any of the incoming feed is taken
from the vaporization chamber. This is of con-
siderable advantage since premature discharge of
insufficiently concentrated solution is prevented
and the complementary undesirable building up
of solution of excessive concentration is pre-

40 vented. Difficulties of this character have been
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({3

incident to other types of apparatus due to dis-
proportionate amount of feed passing prematurely
out of the overflow line. )

More uniform distribution of the boiling solu-
tion among-the tubes {{ is also afforded in the
practice of this invention. ‘Apparatus and method
of the character aforesaid can advantageously be
used, for example, in a distillation system de-
signed to recover pure water from sea water, In
such an operation the feed can, for example, be
fed into the system at the rate of 130 gallons per
hour and introduced into the vaporization cham-
ber after having been preheated to about 200° F.
in the preheater heat exchanger 21i. Using the
method and apparatus of this invention the cir-
culation of solution through the down-comer 14
can be at the rate of about 12,000 gallons per
hour in g system of the capacity aforesaid.

It is apparent that the foregoing embodiment
of the invention is merely illustrative and that
the method and apparatus can be varied consid-
erably without departing from the scope of this
invention. Thus it is apparent that the location -
of the down-comer is largely optional and may,
if -desired, be disposed on' the exterior of the
vaporization chamber. The down-comer passage
may be vertical as shown, or may be inclined,
When the down-comer is inclined it is to be
regarded as vertically extending (as distinguished

- from absolutely vertical) provided the upper end

is above the lower end. The down-comer may
have appropriate connections, elbows, ete., as may:
be required to connect it in operative relation for
returning the solution from the upper to the
lower ends of the tubes {1.
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The feed mtroducing means may be varied.
- Thus, if desired, a single feed line may introduce
the feed into. the down-comer, instead of the
plurality of-lines 21. Moreover, the nozzles 28
.or the equivalent, may be.dispensed with, but the
use of the nozzles 28, or equivalent jet producing
means, is to be preferred in order to obtain the
ejector impulsion. action. In this connection it
may be noted that the pump or other pressure
supply means for. the feed cooperates with the
nozzles 28 or the equivalent to positively impel
the solution in the down-comer. The point of
introduction of the feed solution intc the down-
comer . is ordinanly adjacent the upper end, as
-shown, but may be at any other location in the
"down-comer.- Preferably, the feed is introduced
into the down-comer at a point substantially
above the lower ends of the tubes {1.
".. The tubes-'{I may be as shown or may be in
- the form of any other suitable passages. They
" may be vertical, as shown, or in any other verti-
cally extending position, within the meaning of
the term. “vertically extending" that has been
mentioned above.

The vapors which are .introduced for condensa-
tion in out-of-contact heat exchange with solu-
“tions in the tubes |1 may; of course, be derived
from other séurces than the compressor 16.
Thus the vapor may be supplied from an inde-
pendent boiler and may be other than the vapor
‘which is evolved in-.the. vaporization chamber.
-‘Moreover, hot compustion .gases-or other heated
fluid may be used.

While this invention has been described in
conhection with a typical example of the practice
thereof, it is to'be understood that this has been
done for illustrative purposes only and that the
practice of this invention may be varied within

- the ‘scope thereof as defined by the language of
" the following claims.

I claim: )

1. Distillation apparatus for the separation of
vapor from a solution which comprises a verti-
cally disposed vaporization chamber, a heat ex-
changer within said vaporization chamber in the
form of a heating chest which is disposed between
the upper and lower portions of said vaporization
chamber and which consists of upper and lower
walls, a plurality of vertically extending conduit
passages extending through said heating chest
and sald walls in open communication with solu-

- tion within said vaporization chamber above and
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below said heating chest, and a single vertically
extending down-comer passage centrally located
in said chest and of substantially larger flow
capacity than the individual conduit passages of
sald plurality of conduit passages for returniag
solution from the portion of said vaporization
chamber above said heating chest to the portion
of sald vaporization chamber below said heating
chest, said heating chest separating the said up-
per and lower portions of sald vaporization cham-
ber from each other except for said conduit. pas-
sages and said down-comer passage, means for
introducing a fluid at a temperature above the
boiling point of solution within said vaporization
chamber into sald heating chest to heat and boil -
solution within said conduit passages by out-of-
contact heat exchange through the walls of said
conduit passages, means for. removing vapor from -
the upper portion of said vaporization chamber,
outlet means for withdrawing residual concen-
trated solution from the said vaporization cham-
ber, and feed means for supplying fresh solution
into said vaporization chamber, said feed means
being arranged to forcibly discharge a stream of
incoming fresh feed downwardly into said down-
comer passage in the normal downward direction
of flow of solution within and through said down-
comer passage.

2. Distillation apparatus according to claim 1
wherein said means for supplying fresh solution
into said - vaporization chamber includes jet
means located adjacent the upper end of said .
down-comer passage for forcibly ejecting a jet
of incoming feed downwardly into said down-
comer passage.
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