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Fo all whom it may concern:
Beit known that I, SAMUEL MORRIS LILLIE,
of Philadelphia, Pennsylvania, have invented
- new and useful Improvements in Evaporat-
5 ing Apparatns, (for which I have obtained
patents in foreign countries, to wit: Great
Britain, No. 12,391, dated August 28, 1888;
Belgium, No. 83,105, dated September 1, 1888;
France, No. 192,707, dated August 31, 1888;

10 Spain, No. 8,676, dated September 26, 1888;
Austria-Hungary, No. 1,290 and No. 1,337,
dated June 5, 1889, and Germany, No. 50,387,
dated September 13, 1888,) of which the fol-
lowing is a specification.

15 My invention relates to intransit evaporat-
ing apparatus, examples-of which are shown
in United States Letters Patent, numbered
and issued to me as follows, viz: No 341,669,
dated May 11, 1886; No. 344,586, dated June

20 29,1886; No. 378,843, dated February 28,1888,

~and No. 422,235, dated February 25, 1890—
that is, to evaporating apparatus in which the
liquid is evaporated while flowing over the
heating-surface in comparatively thin films

25 or layers from a device or devices by which
the liquid isdistributed over thesaid surfaces
into a collecting chamber or receptacle into
which the thickened liquid flows from the sur-
faces; and it consists, first, in improved means

30 for separating suspended particles of liquid
from the vapors resulting from the evapora-
tion and-eseaping from the pan, and, secondly,
in new means for supplying and automati-
cally controlling the supply of the liquid to

35 be evaporated to the pans, and for regulating
the flow of said liquid into the first pan of a
series joined to form a multiple effect (and
consequently also for regulating the deunsity
of the concentrated liguid) automatically by

40 the rate of discharge of the concentrated
liguid from the last pan of the series. The
first consists of an annular passage, which
may have one or more concentric diaphragms
in it, through whieh passages the vapors flow

45 in their escape from the pan, and in which

the particles of suspended liquid are thrown

against the surfaces of the diaphragm and
outer wall of the passage by centrifugal force,
and thereby separated from the vapors. The
second consists in leading the liquid to be

evaporated in a pan into the return-pipe,
which eonduets liquid from the cirenlating-
pump back into the pan, so that it may be-
come thoroughly mixed with the returning
and more concentrated liquid before passing sz
into the feeding-chamber for the evaporating
tubes or surfaces. '
In the construection shown in my former
patents above mentioned—viz., Nos. 841,669,
344,586, and 378,843, the return liquid and the 60
thinner feed liguid entered the feeding-cham-
ber G from opposite or different sides, and
consequently they could not become thor-
oughly mixed, and different tubes would be
fed with liquids of different densities, objec- 63
tions whieh are overcome by this my im-
proved method of feeding—viz., into the re-
turn-pipe—which is claimed by me and ap-
plicable both for pans in which the evapora-
tion is from the internal surfaces of the tubes, 70
as in my patent, No. 341,669, and for those in
which the evaporation is from the external
surfaces of the tubes, as in my patent, No.

344,586, and the second consists, further, of

means for automatically regulating the flow 75
of liquid into an evaporator of this class by
means of the liquid in a detached chamber
connected to the pan, through which detached
chamber the return liguid flows in passing
from the collecting-chamber of the pan tothe So
distributing devices of the same, and the sec-
ond consists,again, of a hand-valve in the dis-
charge-pipe or of equivalent means for regu-
lating the flow of the concentratedliquid from
the last pan of a multiple effect and of inter- 83
mediate mechanism connecting the last pan
with the valve in the supply-pipe to the first
pan and automatically operated by the rate
of discharge of the concentrated liquid from
the last pan to open or close the said valve go
to varying degrees, depending upon the said
rate of discharge of the concentrated liquid.

In the drawings, Figure 1 is an elevation
showing a multiple-effect evaporating ap-
paratus embodying my invention. TFig. 2 is g5

‘a sectional elevation of one of my improved

evaporators or pans with its adjunets. Fig.
3 is a cross-section of same on line y v of
Fig. 2. Fig. 4 is a plan view of the lower

head removed from the evaporator or pan. roo
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Fig. 5 is an elevation of the regulator for con-
trolling the supply of thin liquor to the pan.
Fig. 6 is a sectional plan view similar to Fig.
3, showing a modified arrangement., Fig. 7
is a cross-section showing an enlarged view
of the construction for feeding the evaporat-
ing-tubes, and Fig. 8 is an elevation, with
part in section, of a modified form of my
evaporator or pan.

Referring to the drawings, E is a heating
or steam chamber containing a battery of
vertical evaporating-tubes b, which open be-
low through the tube-plate p into the collect-
ing-chamber P, and above through the tube-
plate P’ into the feed chamber ,into which
they extend for a short distance and have
their upper edges all lying in the same hori-
zontal plane as nearly as may be. A little
above the upper ends of the tube b is a plate
p% having perforations ¢ in it and above
which is the dome D. Extending through or
supported in or by the plate p* are tubes c,
one for each evaporating-tube b. Each tube
¢ is of larger diameter than its evaporating-
tube, surrounds the latter, and is concentric
with it,thus forming between the two the an-
nular passages n, which communicates below
with the surrounding space in G. The pur-
pose of the feeding-tubes cand their annular
passages % is to insure an equal supply of
liquid to be evaporated to the several evap-
orating-tubes b, irrespective of slight differ-
ences in the level of the liquid in the feed-
chamber G above the evaporating - tubes,
which is caused by the contracted passages
n requiring a head of liguid above the tops of
the tubes b to force the liquor through said
passages. The section of each tube ¢ above
the evaporating -tube and by which it ex-
tends through the plate if made as shown in
Fig. 7, is preferably of a reduced diameter, as
shown at ¢’. The dome D hasapprdximately
vertical side walls provided with a man-hole
or door, and is closed above by the cap D?
bolted to langes on theside wall of the dome.
The eap D?* has a liquid-conducting pipe v’
opening through it near the center and top,
and it supports directly below the mouth of
the said feed-pipe a distributing plate or dia-
phragm D’, which may be perforated, as

. shown in Fig. 8, or not perforated, as indi-
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cated in Fig. 2. When perforated, as shown
in Iig. 8, a portion of the liquid falling from
the pipe v" may pass through the perforations
and the remainder overflow the edges of the
diaphragm onto and down the side walls of
the dome. Any vapors which may be formed
in the dome or which may escape into it from
the evaporating-tubes b may pass by a pas-
sage or pipe V,communicating with the inte-
rior of the dome below the diaphragm I’ to
the collecting-chamber. )
The collecting-chamber P is divided by the
vertical eylindrical partition T, which bends
outward at T® to meet the outer wall T, form-
ing the curved,circular,orannular surround-
ing chamber, which connects at one end with

the compartment P at P’ and at the other end
with the vapor-outlet main B. In the outer
wall opposite the passage between the inner
compartment and the annular chamber is a
man-hole P2 closed by a door, by opening
which access may be had to the compartment
into which the lower ends of the evaporating-
tubes open. ,

Inthe annular compartmentfmay be placed
one or more concentric partitions T/, which
may rest on the false bottom K with which
the annular chamber is provided. The inner
face of the outer wall T% and also of each of the
concentric partitions T’, has on its face the
ribs or ledges ¢’ ineclining from the face of the
wall toward the passage from the annular
chamber to the inner or collecting-chamber
P. . At the lower end of each ledge there isa
perforation j through the false bottom into
the gutter J below it, which gutter J leads
into a passage.f, which delivers from the col-
lecting-chamber P into the float-chamber F
by the inclined floor A’ of the lower head A
of the evaporator. A pipe d leads from the
float-chamber I to the pump C, which latter
delivers throngh the return-pipe v’ into the
dome D of the pan, and through the discharge-
branch v away from the pan, the discharge-
branch v being in the caseof a multiple effect
the ligunid-supply pipe v of the next cooler pan
of the series. The supply-pipe v of a pan de-
livers into the return-pipe v” of the same so
that the liquid to be evaporated supplied
through it becomes thoroughly mixed with
the thicker return liguid before entering the
dome D and the evaporating-tubes. The dis-
charge-pipe v, branches from the return-pipe
v!, preferably at a point between the pump
C and the supply-pipe v, in order that the
thickened liquid leaving the pan by it may
notbediluted by the thin liguid entering from
thesupply-pipe. A float I’ in the float-cham-
ber I rises and falls with the level of the
liquid in the chamber, and through the lever
F* and connecting mechanism f’ a butterfly-
valve F®in the pipe v, which brings the liquid
to be evaporaled to the pan, is operated in
such manner that as the float rises the valve
closes, and as it falls the valve opens in pro-
portion. The pump ¢ is continually running,
and is consequently continually circulating
the liquid, and such liquid as is not conveyed
off by the discharge-pipevaway from the pan,
passes up through the return-pipe 2’ and is
again caused to pass through the same pan in
which it was previously treated, but now it is
mixed with some fresh or thin liguid from
the supply-pipe © to this pan.

The discharge of concentrated liquid from
the pump to the next pan by pipe v is con-
trolled by the-discharge from the last pan of
the apparatus, which is controlled by valve s
in the discharge-pipe S? of the said last pan.
If this valve were fully opened, then little
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or no liquid would be returned to the pan .
from which it was first drawn, while, on the -

other hand, if the valve s is not fully open
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much of the lignid is caused to pass through
the same pan two or more times, but each
time being diluted with other liquid not be-
fore treated in that pan. 'The operation of
this pan in evaporating or concentrating a
liquid is as follows: Theliquid to be concen-
trated flows by the supply-pipe v and the pipe
v’ mixed with the circulating liquid through
the eap D? of the dome D upon the distribut-
ing plate or diaphragm D’, thence onto and
down the side walls of the dome upon and
over the perforated plate p% through whose
perforations it flows into the feed - chamber
G, whence it overflows the upperedges of the
evaporating-tubes b, which edgeslieallin the
same horizontal plane.” Theliquid then flows
in thin films down the inner surfaces of the
tubes, suffering evaporationinits course, due
to a heating agent, as steam, supplied to the
heating-chamber E by the main S. The un-
evaporated concentrated liquid falls from the
bottom of the tubes, together with vapor
formed by the evaporation into the interior
chamber of the separating-chamber P, and
flows by the passage finto the float-chamber,
whence it isdrawn by the pump C and is de-
livered away in part from the pan (see arrows,
TFig. 2) by the discharge-pipe v, which is the
supply-pipe of the next cooler-panin the case
of a multiple effect, and in part is returned
by the pipe v’ to the heating-surfaces again.
The rate of feed of the thin liquid from the
supply-pipe v to the pan is governed by the
flow of concentrated liquid from the pan by
the discharge-pipe and the automatic action
of the float. If the discharge isincreased by
opening wide the valve s, (see right-handside
of Fig. 1) the level of the liquid in the float-
chamber, and consequently the float itself,

will fall until the butterfly-valve in the sup-

ply -pipe v is opened sufficiently to corre-
spondingly increase the feed of the thin
liquid in the pan. 1If the flow from the dis-
charge is diminished by partialiy elosing its
valve s, the level of the liquid in the float-
chamber and also thefloat rises, and the feed
from the supply-pipe is correspondingly di-
minished. . )

Other things remaining equal the density
of the finished product is diminished in pro-
portion as the valve s in the final discharge-
pipe $° is opened and increased in proportion
as it i8 closed, and- to regulate its density it
is only necessary to open or close the valve,
as the case may be, until the thickened ma-
terial leaves the final diseharge-pipe at the de-
sired density. The function of the pump in
addition to that of supplying liquid to the
next evaporating - pan is to return a portion
of ‘the liquid to the dome of its pan, which
will assist the fresh liquid in keeping the sur-
face of the tubes well covered. The vapors
resulting from the evaporation pass from the
tubes into the chamber P and thence through
the annular chambér { and away from the
pan by the vapor-main B. Dauring its rapid
passage along this annular chamberany drops

or particles  of liquid that may be carried
along by it are projected by centrifugal foree
against the inner surface of the walls TV T%
to which they adhere, while the vapor passes

on and away from the pan, perfectly freedof .

all particles of liquid, which would otherwise
be held in suspension. Theseparated liquid
adhering to thesurfacesof the walls flow down
the same fo the gutter J, along which it flows
into the passage fand float-chamber.
ledges ¢’ on the inner faces of the walls TV T?
serve to prevent liguid being drawn along
the said surfaces and out of the vapor-dis-
charge by the rushing vapors. The concen-
trie partitions or diaphragms T/ are placed
in the annular chamber to lessen the radial
distance through which the particles of lig-
uid held in the escaping vapors will have to
be moved before coming in contact with a
surface to which they can adhere. Thiscom-
bination of collecting - chamber and annular
vapor-passages may be used with pans oper-
ating on the principle common to the appa-
ratus described in this application and in my
hereinbefore-mentioned Letters Patent,what-
ever may be the consfruction of the feeding
devices for theevaporating-tubes. This sepa-
rator, consisting of a central chamber and
concentric vapor-passages, may be arranged
exteriorly to evaporators of any construction
with a vapor-conduit leading from the evap-
orator to the separator. In my pending ap-
plication, Serial No. 209,218, separators are
shown thus arranged with respect to evapo-
rators, the vapors howeverbeing led into the
sides of the separators and escaping by the
central chambers—that is, taking the reverse
course through the annular separating-pas-
sages to that by the vapors in the apparatus
described herein. .

In Fig. 8 is shown a modification of this
overflow system of feeding the evaporating-
tubes with liquid. In this arrangement the
upper edges of the evaporating-tubes all lie
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approximately in the same horizontal plane,

a short distance abové the tube-plate p’, as
in Fig. 2, the feeding - tubes ¢ are dispensed
~with, and the liguid having fallen through
the perforations in the perforated plate p*
at once overflows the edges of the evaporat-
ing-tubes. o

Another feature of the modification shown
in Fig. 8 is that the evaporating-tubes, heat-
ing-chamber E, and collecting-chamber are
arranged horizontally, while the dome and
feeding device are vertical, as before. :
Other modifications of this overflow feed-
ing system for the evaporating-tubes of pans
operating substantially as set forth will read-
ily present themselves to those skilled in the
art. Forexample,in the modification shown
in Tig. 8, the evaporating-tabes, or, more
strictly speaking, the curved tubes leading to
the same, might open horizontally through the
side walls of the feeding-chamber, as shown

in dotted lines, but all at the same level, in

which case, also, the rising liquid in the feed-
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chamber would overflowinto the several tubes
at approximately the same rate, and I do not
wish to limit myself to any particularform or
arrangement of the devices for practicing this
overflow system of feeding limited quantities
of liquid tothe evaporating-tubes of apparatus
operating on the principle of that described in
this and my former patents.

In the modification shownin Fig. 6 we have
the curved orannular passages ¢ formed with
two inlets P’ and one outlet, requiring the va-
pors to travel only half the distance. = A pipe
d’, with a valve d? may be used to-drain the
float-tank I, when desired. (SeeFig.5.) The
evaporating-pans E’, E? and E* may be com-
bined to form a multiple effect in the man-
ner shown in Fig. 1,in which the vapor-main
B of one evaporator connects with the heat-
ing-chamber K of the next pan orevaporator,
and the main B of the last pan or evaporator
connects with the vacuum-pump M’. The
domes of the several pans may be connected
by pipes H,having valves m, which would be
used in starting the plant to exhaust the air
from the pans. Drain-pipes « may connect
the bottom of each of the heating-chambers
E,so thatthe condensed liguid may pass from
chamber to chamberand finally be discharged
into the condenser of the vacuum-pump. The
supply-pipes v for pans E? and K2 connect
with the discharge side of the pump C of the
preceding pan by pipe v’. The fresh or thin
liquid enters the first pipe v at S/, and the
concentrated liquid passes out by the final
discharge-pipe S? of the third pan, and its
flow is regulated by valve s. In a multiple
effect like this the valve s controls the opera-
tion of the floats and their valves F% and
hence the supply-liquid by pipes v to the va-
rious pans, and it is also evident that the
float and its valve for pan E? control the sup-
ply of liguid to pan E? and likewise the float
and its valve to pan E? control the supply
and height of liquid in the pan E’, and the
float and its valve to pan E’ control the flow
of this liquid from §’, and consequently that
the valve in the liquid-discharge pipe for the
last pan, operating through the tiquid in the
said pan and intermediate mechanism auto-
matically actnated thereby connecting with
the valve in the supply-pipe to the first pan,
antomatically controls the flow of liquid into
the first pan, increasing or diminishing the
latter as itself isincreased or diminished.  In
the apparatus herein shown and described,
the above-mentioned intermmediate mechan-
ism consists of the liquidsintheseveral pans,
the floats resting in the same,and the valves
operated by the latter back to the valves in
the supply-pipe to the first pan.

Other arrangements of the intermediate
mechanism will readily suggest themselves to
those skilled in the art. For example, the
valve in the supply-pipe to the first pan might
be controlled and operated directly by the
float in the last pan acting through metal eon-
necting devices, the flow of liquid from pan

A
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to pan being regulated as shown in my pat-
ent, No. 378,843—viz., by the level of the lig-
uid in the pan from which the liquid flows—
without departing from this feature of my in-
vention, which is that the flow of the thin lig-
uid into the first pan is automatically rega-
lated by the rate of flow of the thickened lig-
uid from the last pan, which in tnrn is con-
trolled by an attendant by means of a hand-
valve or other snitable contrivance in the dis-
charge-pipe for the thickened liquid.

Any number of pans may be combined to
form a multiple effect, and the details may be
modified in various ways without departing
from my invention. The details here shown
are those preferred, but other equivalents
may be substituted in lieu thereof without
changing the principles involved or the opera-
tion of the apparatus in carrying out my in-
vention.

The devices for feeding the tubes of an in-
transitevaporatingapparatus by overflow and
other features described, but not claimed
herein, are shown, described, and claimed in
my pending application, Serial No. 305,984.

Having thus described my invention, what
I claim is—

1. In an evaporating-pan, the combination
of the evaporating-tubes and inclosing heat-
ing-chamber, liquid-feeding devices for the
tubes at one end of the same, a collecting-
chamber, into which the tubes open at their
other ends, and one or more annular vapor-
passages approximately concentric with the
collecting-chamber, leading from the said col-
lecting-chamber to a vapor-escape from the
pans, substantially as described.

2. In an evaporating-pan, the combination
of the evaporating-tubes and inclosing heat-
ing-chamber, a dome at one end of the tubes
and heating-chamber having liquid-supply
openings leading to the tubes, an inlet for the
liguid to be evaporated opening into said
dome, a collecting-chamber at the other end
of the tubes and heating-chamber, a vapor-
passage opening from the dome above the lig-
uid-level and communicating with the collect-
ing-chamber,and a vapor-escape conduit lead-
ing from the collecting-chamber, substantially
as deseribed.

3. In an evaporating-pan, the combination
of the evaporating-tubes and inclosing heat-
ing-chamber, feeding devices for the tubes at
one end of the same, a collecting-chamber at
the other end of the tubes and heating-cham-
ber, one or more annular vapor-passages ap-
proximately concentric with the collecting-

‘chamber, opening from said collecting-cham-

ber and leading to a vapor-outlet pipe, and
drainage-passages leading from the bottom of
the collecting-chamber and from the circular
passages to the outside of the pan, substan-
tially as described.

4. In an intransit evaporating-pan censist-
ing of evaporating-tubes heated by steam or
otherwise, feeding devices for distributing
the liquid to be evaporated over the surfaces
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of the tubes, a collecting-chamber for receiv-
ing the unevaporated liquid as it falls from

the tubes, with a return-pipe and circulating-.

pump leading and delivering from the col-
lecting-chamber to the feeding devices, sub-
stantially as deseribed, the combination, with
said retarn-pipe, of asupply-pipe for the thin

material to be concentrated opening into it

between the circulating-pump and the feed-
ing devices for the tubes, the combination op-
erating tomix thesaid thin material with the
thicker return liquid before it passes upon
the evaporating-tubes, substantially as de-
seribed.

5. In an evaporating - pan consisting of
evaporating-tubes heated by steam or other-
wise, feeding devices and a collecting-cham-
ber for the tubes, with a return-pipe and cir-

. culating-pump leading and delivering from

the collecting - chamber to the feeding de-
vices, substantially as described, the combi-
nation, with the said return-pipe, of a sup-
ply-pipe for the thin material to be evapo-
rated opening intoit between the circulating-

pump and the feeding devices for the tubes,.
and a discharge-pipe for the thickened mate-.

rial leading from it at a point between the
said supply-pipe and the pump, substantially
as described.

6. In an evaporating - pan consisting of
evaporating - tubes contained in a heating-
chamber, feeding devices and a collecting-
chamber for the tubes, respectively, at oppo-
site ends of the same and operating substan-
tially as described, the combination of a sup-
ply-pipe for the thin material with connec-
tions leading into the pan, a discharge-pipe
for the thickened material leading from the
collecting-chamber, a valve in the supply-
pipe, mechanism connected with the said
valve and with the collecting-chamber and
automatically operated by the rising and fall-
ing of the level of the liquid in the collecting-
chamber to close and open the valve, respect-

ively, and a_valve in the said discharge-pipe-

for the collecting-chamber by which the flow
of liquid from the chamber aud thereby the
level of the liquid in it and also the valve in
the supply-pipe are regulated, substantially
as specified.

7. In an evaporator, the combination of the
evaporating-tubes, the collecting-chamber P,
having curved partitions or walls T T/ T% in-
clined floor A’ for the chamber P, and in-
clined gutter J for the curved passage-ways
formed by the walls or partitions, substan-
tially as desecribed. v -

8. In an evaporator, the combination, with
the evaporating-tubes, of the collecting-cham-
ber into which the tubes discharge, a vapor-
escape passage surrounding the collecting-
chamber and approximately concentric par-
titions in the said vapor-escape passage sub-
dividing it into a number of narrower pas-
sages, substantially as specified.

9. In an evaporator,the combination of the
evaporating -tubes, the collecting-chamber,

with an annular vapor-escape passage encir-
cling and leading from the chamber, and a
false bottom K in the annular vapor-passage,
having passages or perforations through it
leading into the space below the same, sub-
stantially as described. o

© 10. In an evaporator, the combination of
the evaporating-tubes, a collecting-chamber
P, having curved partitions or walls T 17 1%
inclined floor A’ for the chamber P, inclined
gutter J for the curved passage-way formed
by the walls or partitions, and the curved in-

‘clined floor K, having communicating pas-

sages for liquid from the compartment be-
tween walls T 'IV T? and the gutter, substan-
tially as described.

11. In an evaporator, the combination of
the evaporating-tubes, the collecting-cham-
bers, into whieh the evaporating-tubes open,
a liquid-discharge conduit for the unevapo-
ratedliquid leading from the collecting-cham-
ber, a vapor-escape passage encircling the
collecting-chamber, and the gutter J at the
bottom of the vapor-passage and leading to
the said liquid-disecharge conduit of the col-
lecting-chamber, substantially as specified.

12. In aseparator for separating suspended
particles from vapor or gases, construeted,
substantially as described, with an annular
separating and discharge passage having an
inlet and outlet for the vapor, respectively, at

opposite ends of the same, the combination,

with the annular separating-passage, of con-
centric partitions or diaphragms located in
the same, substantially as specified.

13. Tu a separator for separating the sus-
pended particles from vapor or gases, the
combination of a central chamber, an annu-
lar separating - passage approximately con-
centric with the said chamber communicat-
ing at one end with the chamber and at the
other end terminating in a suitable port, a
conduit or conduits for the vapors connecting
to the said port, and a vapor conduit or con-
duits connecting to the central chamber, sub-
stantially as specified.

14. In aseparator for separating suspended
particles from vapors and gases, constructed
with annular vapor-passages and operaling
substantially as described, the combination,
with the concave surfaces against which the
suspended particles are thrown by centrifugal
force, of transverse ledges formed on the
same, substantially as and for the purpose
specified.

15. The combination of two or more evapo-
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rating-pans arranged to form a multiple ef- .

fect, with liquid-conduits between the col-
lecting-chamber of the first pan and the feed-
ing devices for the tubes of both pans, means
for positively eireculating the liguid through
the said conduits, a liquid-supply pipe with
connections leading to the feeding devices
of the first pan, an automatic valve in the

-said supply-pipe or connections operated by

the level of theliquid in the first pan to con-
trol the supply of liquid to the same, a valve
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in the liquid-conduit leading from the first
pan to the second, automatically operated by
the level of the liquid in the second pan to
control the flow of liquid from the first pan
into the ‘second, a liquid-conduit connecting
the collecting-chamber of the second pan with
the feeding devices for its tnbes, means in
the said conduit for circulating the liquid,
and a valve in the discharge-pipe for the lig-
uid from the second pan, substantially as
specified.

16. In a combination of two evaporating-
pans to form a multiple effect, a liquid-supply
pipe with connections leading into the first
pan, a valve in the said supply-pipe auto-
matically operated by the level of the liguid
in the first pan to control the supply of liguid
to the same, a liquid-discharge pipe with con-
nections leading from the collecting-chamber
of the first pan‘into the second pan, a valve
automatically operated by the level of the
liquid in the second pan to regulate the flow
of liquid from the first pan to the second, and
a valve in the liquid-discharge pipe for the
collecting-chamber of the second- pan, sub-
stantially as described.

17, The combination of two pans operated
substantially as deseribed to form a multiple
effect, with alignid-condueting pipe and con-
nections leading from the collecting-chamber
of the first pan to the second pan, a valve au-
tomatically operated by the level of the lig-
uid in the second pan to regulate the flow of
liguid from the first pan intothe second, and
a liquid-discharge pipe for the coliecting-
chamber of the second pan, substantially as
described.

18. In the multiple-effect evaporating ap-
paratus, the combination of two or more evap-
orating-pans through which the liquid being
evaporated flows in succession, a valve in the
supply-pipe for the said liquid to the first pan
of the series, a discharge-pipe for thickened
material for the last pan of the series, a valve
in the said discharge-pipe for regulating the
flow of the thickened material from the last
pan, and intermediate pipes and operating
devices connecting the valve in the said dis-
charge-pipe with the valve in the supply-pipe
to the first pan, the valve in the discharge-
pipe operating through the liguid in the in-
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termediate pipes and through the operating
devices to open and close the valve in the said
supply-pipe to the first pan as it is itself
opened and closed, substantially as specified.

19. In a combination of two or more pans
operating substantially as described to form
a multiple effect, a liquid-discharge pipe with
conngetions for each pan, excepting the last
pan leading from the said pan to the next
cooler pan of the series and containing a valve
automatically operated to regulate the flow
of liquid through the pipe by the level of the
liquid in the next pan, a liguid-diseharge
pipe for the last pan, and a hand-valve in the
same to control the flow of liquid throughall
the pans, substantially as described.

20. In an intransit evaporator, the combi-
nation of an evaporating-surface adapted to
be heated by steam or other heating agent,
distributing devices for delivering the liquid
to be evaporated in thin films overthe evapo-
rating-surface, a collecting-receptacle into
which the unevaporated liquid falls from the
evaporating -surface, liquid - return eonduits
leading from the collecting-receptacle of the
evaporator to the distributing devices for its
evaporating-surface, means—as a pump, for
example—for effecting a flow of the liquid con-
tinuously through the said return-conduits
from the eollecting-chamber to and through
the distributing devices onto the evaporating-
surface, and so cause a continuous circula-
tion of liquid over the evaporating-surface
and back through the return-conduits, a de-
tached chamber located in and forming a part
of the said return-conduits through which de-
tached chamber the return liguid flows in its
passage from the collecting-receptacle to the
distributing devices, a fresh liquid-feed pipe
with connections leading into the evaporator,
a valve in the feed-pipe, and a regulator for
said valve automatically operated by the
liguid in the detached chamber to regulate
the feed of fresh liquid to the evaporator, sub-
stantially as and for the purpose specified.

In testimony whereof I hereunto set my
hand.

S. MORRIS LILLIE.

Witnesses: '

R. M. IHHUNTER,
ERNEST HOWARD HUNTER.
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