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To all whom it may concern:

Be it known that I, Herprge H. Dow, a
citizen of the United States, resident of
Midland, county of Midland, State of
Michigan, have invented a-new and useful
Improvement in Apparatus for Multiple-
Effect Vacuum Evaporation, of which the
following is a specification, the principle of
the invention being herein explained and the
best mode in which I have contemplated ap-
plying that prineiple, so as to. distinguish it
from other inventions, ,

As indicated, my invention relates to ap-
paratus for evaporation by vacuum process.

Said invention has more particular regard
to the improvement of apparatusof the above
class known ag multiple effect vatuum appa-
atus, In which the steam avising from the
evaporation of a quantity. of solution thus
held under reduced pressure, is employed to
heat an additional quantity of the solution,
the object of the invention being the pro-
vision of -apparatus of this sort that will be
simaple and ecenomical in operation, utiliz-
Ing » single pump in the producticn of a
vacuum in & plurality of chambers.

T'o the accomplishmernt of this and related
ends said invention, then, consists of the
means hereinafter fully described and par-
ticularly pointed out in the clajms, .

The annexed drawings and the following
deseription set forth in detail certain mech-
anism embodying the invention, such dis-
closed means constituting, however, but one
of various mechanical forms in which the
principle of the invention may be used.

In said annexed drawings: Figure 1
represents in miore or legs diagrammatic
form, pértisns appearing in eross section, a
plant for double éffect vacunm evaporation
embodying the several improvements com-
nrehended in iy invention: and Fig. 2 simi-
larly shows apparatus designed for triple
effect evaporation. '

The apparatus thus chosen for iHustrative
purposes is primarily designed for the evapo-
ation of suit brine, but may be used equally
well, either in its present or in slightly
modified form, for the evaporation of sugar
sVAUD or any other solution from which it is
desired to separate the solid, or for the con-
centration of liquors from which the wnlid
does not separate on concentration. The
Hlustrated apparatus is furthermore designed
ta earry out an improved process in the

miking of crystals from solutions, particus’

larly salt brine, that fornw the subject-
matter of a co-pending application filed by
me November 11, 1907, Serial No. 401,580,
Such apparatus, then, consists essentially of
a plurality of open evaporting pans A° A,
there being two here shown, the:second of
which is elevated slightly aboviethe first so
that its liquid contents may be passed on to
said first pan by gravitv.” The process of
making erystals above referred to' involves,

An addition fo such flow of the brine, a

transfer of the salt separated from the more
highly concentrated solution, in the first pan
to the less highly concentrated solution in
the second pan. To this end the ‘wall ¢ of
such first pan A contiguous to the second A’
is inclined and a conveyver -a’ provided to

‘gather the salt as it settles ontg the bottom

and carry the same. up such inciined side
whence it is deposited or dropped into the
second pan to be carried through the latter
by a corresponding conveyer «2 operating
in such pan. The latter Ppan has also an
inclined discharge end either connected with
the suceeeding pan or with conveying means
(not shown). for removing the product to
any desired point.  Suitable connéctions «3
@t @ respectively provide for a supply of
fresh brine to pan AL aflow from such see-
ond pan to the first pan A, and a discharge
thenee of the highly concentrated solution
or “mother liquor.” The heating of the
brine in the vespective pans is had by means
of steam coils o o7 consisting of sections of
pipe disposed longitudinally of the pan and
having their ends suitably - connected to-
gether. - Steam is supplied to the coils in
the first pan from any convenient source in
the usnal manner; but for the heating of
the second coil the steam derived from the
evaporation of the contents of the frst
pan under vacuum is utilized by means now
to be described. ' | .
Elevated above the respective evaporating
pansare vacuum chumbvz’s BB, whjch have
ascending pipes b b’ for drawing the con--
tents from the corresponding pans, and de-
scending pipes 3% 5% for discharging sepa-
rated crvstals, In the apparatus illustrated

such discharge is had directly into the pan

again, but obviously this is immaterial, and,
if found desirable such discharge may be,
made into a separate receptacle, as ‘in my
Patent No. 554,916, February 18, 1896, A 1
pipe * conducts the steam from vacunm

schamber B to the steam coil a7 of the second
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pan.
nected by means of a pipe 0° and its exten-
‘sion &7 through the valves 0'° and 4% with
tie pipes &7 and D® respectively and by means
5 of the descending pipe 0¢ with the open re-
ceptacle D disposed on a’lower level than
said  pans, as shown. Connected with
~vacnnm chamber B’ is a pump C adapted to
maintain- in said chamber any desired de-
10 gree of vacuum, while a check valve ° pre-
vents any backward or downward movement
in pipe % Tt will be observed that the
lower ends of pipe b and b* dip below the
level of the water in the pans, as does also
15 the lower end of pipe 5° below the level of
the water in the tank D.  Such pipe 0°, it
will he understood, is intended to drain away
from the coil 27 .the condensation formed
therein, such tank D forming a water seal
20 and trap, since the length of pipe 0% below
the coils is made sufficient so that the vacuum
therein may not draw the water in said tank

D up info the coils, but Jeave them free to

drain into said pipe 0°. ,
Having thus deseribed with what it is
thought suflicient- detail the structure em-
bodied in my improved type of vacuum ap-
paratus; its method of operation may be

25

‘briefly set forth. When the apparatus is-

30 started and daring its operation, brine is

supplied through connection & to pan A

and thence by connection a* to pan A, the
rate of such supply being so controlled, hav-
ing due regard to the rapidity of the evapo-
35 ration, as to leave the mother liquor eseaping
from discharge pipé ¢* of the desired-con-
centration.  Steam is at the same time ad-
mitted into the coils @® in the first pan A,
the temperature of the brine therein being
40 raised and held a few degrees above the boil-
ing point referred to the vacuum maintained
in chamber B. The exhaust punp C isnow
set in operation, the valve 0'® between the
‘ascending pipes 0’ b° of the second vacunm

45 chamber B’ being temporarily open. The.

~immediate effect of such suction accordingly
is the production of a vacuum in chamber

B corresponding to the height of the column

of liquid from the point of junction of pipe
50" 10 with pipe &’ tp the level of the brine In
pan’ A’. TFurther pnmping, by increasing

. the vweuum in chamber B’ serves to raise
the-contents of the pan A’ into said cham-
ber B’ without, however, varving the vacnum

.55 in chamber B, as will be.evident. The Tevel
of vessel D being sufficiently depressed, a

counter-balancing cohmmn of liquid will vise
in pipe 0 at the same time that the vacim
is produced in chiamber B in the manner Just
60 set forth. - '
‘Tt - will be understood of course
pipe & constitutes in cffect a barometric
column.-the height to which the brine rises
_ine such -pipe rméasuring the degree of
88 vacuum in chamber B, If a¥series of

This steam coil is furthermore con--
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vacuum gages were connected to this pipe
at intervals, the one at the top would show
the highest vacuum, that at the bottom would
show the lowest, and those between woudgd:
show intermediate degrees of vacuum. For
this reason, if-the pipe »° (and in the case
of Fig. 2 this remark applies also to pipe
57) Dbe tapped into this barometric column
at any height, the vacuum in said pipe 07,
or 7 as the case may be, will correspond in
degree to that in the barometric column at
the point tapped. This will be evident when
it is considered that the brine in pipe b’
above the junction therewith of said pipe 0°
rests upen such point of junction and dimin-
ixhes by its weight the tetal vacuum in pipe
b, so that the higher-such point of junction
with pipe 37, the greater the degree of
saettum 1n pipe b7, and conversely. the lower
the point of entrance, the lower the degree
of vacuum in such pipe 5°. As a result of
the 'vacunm maintained in heating coils «
of the second evaporating pan A, the steam

“from the low vacuum chamber B is drawn

therein where it heats the brine in such sec-
ond pan, the water of condensation escap-
ing into the pipe 0% , .
The height of the vacuum chamtber B’
and the degree of vacuum maintained there-
in is chosen. both as to its absolute value
and its relation to the height of the cham-
her B and the vacuum muaintained therein,
so that the temperatuve of the vapor coming
from B will be sufficient to raise the tem-
perature of the brine in A’ to above its boil-

“ing point under vacunm in B’

1 do not ascribe novelty to the utilization
of steam derived in this manner to heat
the second evaporating vessel, but it will be
noted that by means of my apparatus I am
enabled to maintain the desired vacuum in
such first system without the employment of
an additional pump, or a reducing valve, as
has always been the case heretofore, so faras
T am aware. In other words a single pump
connected with the high-vacuum chamber is,
effective in maintaining" the vacuum. not
merely in such chamber, but also in the low-
vacuum chamber corresponding with the
first evaporating pan without the introdue-
tion of a mechanically operated reducing
valve. The simplification. and -cheapening
of operation thus accomplished need not be:
turther dwelt upon. At the same time it

will bo ohserved that a.constant vacuum is 3

innintained in the first rig determined by
the height of the colnmn of liquid in the
ascending
junction with pipe 0°: this, irrespective of
the degree of vacuum in chamber B, which
may vary within reasonable limits without
harm so long at is. does not thus affect the
vieunmn in sneh first chamber. - As explained
in iy Patent No. 554,916 before referred to,
the flow of brine during the operation. of

pipe 2" up to the point of its ‘
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the vacuum evaporator B’ is up the pipe 3’
and down 5%,

In starting the system, I open valve B0
admitting the air and vapor from 4° to the
ascending column of brine, by which it is
delivered to the chamber B’ whence it is
drawn out by the pump.  In order to lessen
the work of the pump after the system has
attained its normal working condition, I
open the valve 2% at the same time closing
valve 4%, thus admitting the said air and
‘apor from 07 into pipe b3 where it is en-
trained by the descending column of brine
and is carried down into the pan and dis-
charged to the atmosphere by bubbling- up
through the brine contained therein,

[t should be plainly evident, without fup-

- ther delineation than that shown in I,
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1, how the double effect there illustrated can
be extended to triple and higher multiple
effects by suitable adaptation of parts. It
has been deenied advisable, however, to illus-

trate one such modification, Fig. 2, wherein

a_triple-effect vacuum e aporation is had.
To this end merely a third open heating pan
A* together with a third vacuum chamber
B? require to be employed, these being
joined with each other and iwith the pre-
ceding pan A’ and chamber B’ of the series
by connections corresponding with those
previously described as joining such pan A’
and chamber B’ with pan .\ and cham-
ber B.  These connections have aceord-
ingly had applied to them the same vef-
erence characters and their identification

“thus rendered possible without further de-

seription. - In ‘this apparatus as the .other,

‘one pump C will suffice to maintain vacua

m all of the evaporators, the degree of
vacuum in each being controlled by the
corresponding heights at which the pipes
6% 07 are connected into pipes b b* and b,
In the same. manner additional “effects”
may be secured as desired oi found advis-
able. : -

In this specification, and the claims whieh
follow, the term “open™ as applied to the
heating vessels is employed to denote that
the same arve operated under atmospherie,
or substantially atmospheric, pressure, in
contradistinetion to the prevailing practics
in which the liquid being heated 'is sub-
jeeted to reduced pressure during the heat-
g,

Other modes of applying the prineiple of
my invention may he employed instead of
the -one explained, change being made as
regards the mechanism herein diselosed, pro-
vided the means stated by any one of the
following claims or the cquivalent of such
stated nieans be emploved. .

T therefore particularly point out and
distinetly elaim as my invention —

Lo Tnapparatus of the elass described, the
combination of two open heating vessels;

vacuum chambers respectively adapted to

‘receive the contents of said vessels; and an

exhausting device connected with the second
of said chambers for maintaining the de-
sired degree of vacuum therein, said second

chamber” being connected with said first-

chamber so as simultaneously to maintain
a vacuum therein, .

2. In apparatus of the class described, the
combination of two open heating vessels;
“acuum  chambers res bectively adapted to
receive the contents o% said vessels; an ex-
hausting device connected with the second
ot said chambers for maintaining the de-
sived degree of vacmun therein; and con-
nections between said two chambers, said
connections being so arranged and con-
structed as simultancously to maintain a
vacnum in said first chamber, but of a lower
degree.

3. In apparatus of the class described, the

‘combination with two open evaporating

bans, steam heating devices for said pans,
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and vacanm chambers respectively adapted

to receive the contents of said pans, the
heating device of the second pan being con-
nected to receive steam from the chamber
attached to the first pan; of a pump con-
nected with the chamber attached to said
second pan for maintaining the desired de-
gree of vacuum therein, said second cham-

ber being connected with such heating de-

vice so as simultaneously to maintain s
vitcuum therein. _ '

£ In apparatus of the class described, the
combination with two open evaporating
bans, steam heating devices for said pans,
and vacuum chambers respectively adapted

90
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to receive the contents of said pans, the heat.

ing device of the second pan being connect-
ed to receive steam from the chamber at-
tached to the Hist pan; of .a pump con-
nected with the chamber attached to said
second pan for maintaining the desired de-.
gree of vacuum therein; and connéctions
between said last named chamber and such
heating device, said connections being so
arranged and constructed as simultaneously
to maintain a vacuum in said frst naned
chamber, but of a lower degree.

5. In appavatus of the class described, the
combination of two open evaporating pans;
steam heating coils therein; an clevated

vacuum chamber for each of said pans, each-

of said chambers having an ascending pips
for drawing the contents from the corre-
sponding pan and g descending pipe for
discharging separated crystals, the neating
coils of the second pan being .connscted to
receive steam from the chamber correspond-
ing with the first pan; and 2 single exhaygt-
ing device adapted simultaneously to creste
a vacwum in such eoils and in the chambey
corresponding with said second pan.

6. In apparatus of the class described, the
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combination of two open evaporating pans;
steam . heating coils thercin; an elevated
-acuum chamber for each of said pans, each
of said chambers having an ascending pipe
for drawing the contents from the corre-
sponding pan and a_ descending pipe for
discharging separated crystals, the heating
coils of the second pan being connected to
recedve steam from the chamber correspond-
ing with the first pan; a connection between
such coils and the ascending pipe of the
chamber corresponding with said second
pan; and a pump connected with said 1ast
named chamber for maintaining a vacuum
therein.

7. In apparatus of the class described, the
combination of two open evaporating pans;
steam heating coils therein; an elevated
vacuum chamber for each of said pans, each
of said chambers having an ascending pipe

for drawing the contents from the corre-

sponding pan and a descending pipe for dis-
charging separated crystals, the heating
coils of the second pan being connected.to
receive steam. from -he chamber correspond-
ing with the fivst pan; a connection between

such coils and the ascending pipe of the

chamber corresponding with 'sald sécond
pan; a valve-controlled pipe: adapted. to
connect the descending pipe of said last
named chamber with such coils; and & pump
connected with said last named chamber for
maintaining a vacuum therein. =

8. In apparatus of the class described; the
combination of two open evaporating pans;
steamn heating. ceils therein; an elevated
vacnum chamber for each of said pans, each
of said chambers having an ascending pipe

_for drawing the contents from the corre-:
spending pan and a descending pipe for dis- |

charging separated crystals, the heating
coils of the second- pan being connected to

receive steam from - the chamber corre- |

sponding with the first pan; a conhection be-

tweén such coils and the -ascending pipe of
the chamber corresponding with said second
pin; a valve-controlled pipe adapted tocon-

nect the descending pipe of said last named

‘chamber with such coils; another connec-

50

pressed below the level of said pans; -and.a;

1]

tion between such coils.and a receptacle de-

pump connected with said last named cham-
Per for maintaining a vacuum therein.

9. Tn apparatus of the class described, the
sombination of a series.of open heating .ves-

“sels; vacunm chambers respectively adapt-

60

“ed to- recerve the contents.of said vessels;

and ‘an exhausting device connected with the
lasf of said chambers for maintaining the

desired degree of 'vacuim therein, said last |
. chamber heing connected, with the remaining

chambers in1he series so-ag stmultancously
to maintain a vacuum therein.

1,004,686

10. Tn apparatus of the class described,
the combination of a series of open heating
vessels; vacuum  chambers respectively
adapted to receive the contents of said ves-

65

sels; and an exhansting device connected

with the Inst of said chambers for maintain-
ing the desived degree of vacuum therein,
said last chamber being connected with the
remaining chambers in the sevics, the con-
‘nections between said chambers being so ar-
ranged and. constructed as stinultancously,
to maintain vacua therein but of Jower de-
gree in cach succeeding chamber. ' :
11.. In apparatus of the class deseribed,
the combination with a series of, open heat-
ing vessels having steam heating devices for

 said vessels; of a correrponding serics “of
yacuum chambers respectively connected to -

receive the contents of said vessels; a pump
connected to the last of said chambers and
adapted to maintain the desired degree of

_vacuum therein; of connections adapted to,

lead steam from each chamber, except the
last, to the mext succeeding heating device
and of connections between each chamber,
except the first, and the heating device cor-
responding thereto, said last connections be-
ng so arranged and constructed as to re-
duce in:a predetermined manner the degree
of vacuum in each succeeding chamber.

12. In apparatus of the class -described,
the combination of a series of open heating
vessels having steam heating elements there-

‘in;-a corresponding series of vacuum cham-

bers placed at serially increasing elevations
zespectively above the said vessels directly

‘related thersto; comnecting pipes adapted to

lead steam from each gaid chamber in_to the
heating element of the said vessel directly.

related to the next higher chamber; an ex-
‘Hausting . deviee

connected to the last and
‘higher chamb¢f and adapted to maintain
therein the. debired degree of vacuum; elr-
culating pipes connecting the directly ve-

Tated chambers and vessels respectively and
.adapted to

cirenlate the contents of the lat-
ter through the former; watersealed drip
pipes adapted to discharge the water of con-
densation from.the heating elements when
working under vacuumj;-and valve, control-
led pipes connecfing the respective hedting
clements ‘with the

responding vessels as A
cally reduce the initial vacaum in the high-

- est chamber to vacua of lower degrée in each:

suceeeding lower chamber.

JIERBERT 1. DOW.

. Signed by me this 25 day of November,"

1907.

. Attested by— .
-T108, GRISWOLD,
K. O. Bagsrow.

} directly velated circulat-.
“ing pipes at such elevations above -their cor-
‘thereby .to automati- -
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