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phia and State of Es: have in 
Evaporating Apparatus, of which the fol- It is closed at the top by the head 2- . 

.." "indicated with a vapor escape opening 3 
lo with eonnected vapor pipe, see Figure 3. 
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P stented May 5, 1925. 1,536,894 
UNITED STATES PATENT office. 

SAMUEL MOR3Ts LILLIE, OF PHILADELPHIA, PENNSYLVANIA, 
- EvAPORATING APPARATUs. 

Beit known that I, SAMUEL MoRRIS LIL 
Lii, a citizen of the United States, -residing 
at 4804 Springfield Avenue, in the city of 
Philadelphia; in the county of Philadel 
vented new and useful Improvements in 
lowing is a specification. ... " 
My inyention relates to and embodies in provements upon my mechanical film evap 

orator which is extensively known as the 

the evaporator below the heating surfaces, which surfaces are kept wet with the liq: 
20 

25 

the heating surfaces by 

30 

“Eillie mechanical film evaporator' or 
simply "Lillie evaporator”. Following the 
mode of operation of this apparatus, the liq 
uid under evaporation lies in the shell of 

uidin films by means of a circulating pump 
and connections between it and the evap 
orator shell which draw from the liquid 
in the bottom of the evaporator shell and 
shower it over the heating surfaces down 
which it flows in films back into the space 
below after completing a cycle of the con 
stant circulation which is maintained over 

the circulating 
pump and its connections. . . . . . . . 
The PE described in the follow ing specification and illustrated in the ac companying drawings provides particular 

methods of taking the vapors of evapora 

in the arrangement and construction of the 
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tion from the nest of evaporating tubes 
which gives a more free and y escape 

e for the vapors than has hitherto been the 
case, and permits of valuable advantages 
apparatus. 

Referring to the drawings- . 
Figure f is partly a plan, and partly a 

horizontal section through the line X Figure 2 and line Y-Figure 3. . . . 
Figure. 2 is mostly a middle vertical sec 

tion of one arrangement of my improved. 
evaporator, along the line Wi-Figure 1. 
and line Z-Figure. 3. 

Figure 3 is an end elevation looking at 
the door 16 but with the left half broken 
away to show a transverse vertical half 
section along the lines. W. Figure 2-and 
lines W. Figure 1 and Figure 5. 

Figure 4 shows a detail of an evaporat 
ing tube, as employed in the construction 
of Figures 1 to 3, inclusive, i. e., which 
constructions are intended for land service. Figure 5 is in part a plan and in part 

.. Application filed July 24, 1922. serial No. 577,054. 
To all whom it may COGer? a horizontal section through an evaporator 

intended for marine service. 

of any suitable material. It is shown cy 
be elliptical, rectangular or of other shape. 

The case is closed by a dish shaped bot 
tom 5, which has a liquid discharge open 

Referring to the drawings, 1, is the in 
closing case or shell of the eyaporator made 

indical in horizontal cross section but may 
60 
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ing. 6-to which connects, the suction line . 
of the circulating pump 7. This pump is 
driven by motor or other means not indi 
cated. . . . . . . . . . 

In the interior of the evaporator shell 
extending from one side of it, nearly to 
the opposite is a nest, 8, of evaporating 
tubes, having in the case illustrated rec 
tangular vertical and horizontal cross sec 

70 

tions, and so proportioned and located in . 
the evaporator shell as to leave below. it 
a considerable liquor, and vapor spac 9, 
and on each side of the nest vapor spaces, 

80 

10, and 17, respectively, and above the 
tubes a vapor collecting chamber, 12, with. 
which the side spaces 10 and 11, also the 
space 9 below the tubes, space.4 above the 
tubes, and the space 4 in front of the 
tubes connect. In this collecting chamber 
the vapors which escape from the nest of 
tubes collect preparatory to leaving the 
evaporator, all as hereinafter described, 

85 

90 - 
The tubes forming the nest are parallel . 
to each other and are arranged in verti 
cal and horizontal rows with tubes in the 
latter rows covering and breaking spaces 
with each other. Between the horizontal 
rows transverse horizontal spaces, shown in 
Figures 2 and 3, are left which form vapor 
passages unobstructed by tubes between the 

95 

interiors of the tube nests and surround 
ing vapor spaces. Thus disposed, the tubes 
of each row, excepting the lower row, serve 
to deflect or direct the falling liquid onto 
free horizontal vapor passages or spaces 
between the rows of tubes. The greater 
the vertical width of these horizontal pas" 
sages, the less will bi the pressure differ 

0. 

the tubes of the row next below but leave 
105 

ence between the inr.st paits. of the tube 
nests and the vapor spaces surrounding the 
tube nests. At one end the nest of tubes 
extend into a neck, 13, formed on and pro 
jecting horizontally from the shell, to the 

0. 

  

  

  



and 
. closed opposite to the tube plate by a 

0 

end of which neck is attached the steam 
chamber, 14, with a transverse vertical tube 
plate, 15, separating the interiors of the neck 

chamber. The steam chamber is 

hinged door, 16, and it has a somewhat 
larger cross area than the area of the tube 
plate-and where it joins the neck, 3, 
forms a shoulder or flange, 17, properly 
machined against which the tube plate is 
bolted steam tight. The steam-chamber 
extends sufficiently below the tube plate to 

• form a proper pocket 18, for condensate, 
.5 a pipe, 19, guarded by a suitable steam 

trap as shown. This trap may be located 
in the said pocket of the steam chamier. 
Opposite the tube plate, the vapor chamber 
is formed with a door, 20, which when 
opened uncoyers a somewhat greater. area 
than that of the tube plate, sufficient to permit access to, and in some cases the 

25 
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entrance of a man above, the tube nest. The evaporating tubes open through the 
tubé plate into the steam chamber and are 
expanded in the tube plate without having 
been annealed, the tubes (see Figs, 1 and 
2) are supported entirely by the tube plate. 
The ends of the tubes away from the tube. 
plate are not supported or held in any way, 
and the end of each tube is closed and is 
provided with a small air vent plug, see 

as 

so 
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tubes and the door 20. 

Figure 5, in which is shown the free end 
of a tube such as have been used in “Lil 
lie evaporators' and such as are used in. 
the nest of tubes illustrated in Figures 1-2 
and 3 for land installations. The tubes 
incline slightly downwards towards the 
tube plate so that the steam condensate 
will flow back into the steam chamber. The 
spaces or passages around the unsupported 
ends of the tubes connect all the intertube 
spaces, vertical as well as horizontal with 
the vapor space 4 between the ends of the 
Above the nest of tubes there is supported 

in any suitable way a perforated distrib 
uting plate 21--this plate is horizontal and 
nearly covers the entire cross area of the 
tube nest. It extends into the neck, 13, 
nearly to the tube plate. At the other 
end the edge of the perforated plate 
touches the edge of the cross rib. 22 at 
tached to the door, 20. Between the plate 
21 and the upper row of the tube nest, 8, is a vapor space. 4. 
either side with. vapor spaces 10 and 11 
respectively and thence to the collecting 
cimler 12, which is also the case with the 
vapor space, 3, below the nest of tuhes and 
the space 4 which faces the free ends of 
the tubcs. Towards the sides, the perfo 
rated plate extends practically to a sys 
tena of affles 23 and 24 hereinafter de 
scribed. The discharge pipe, 25, of 

which connects on . 

1,536,894 

-circulating pump 7. delivers through the 
inside connecting pipe, 25, upon the per 
forated plate 21-at a point located about . 
symmetrical with respect to the two side 
edges and the two end edges of the plate. 
On each side of the nest of tubes is an 

70 

arrangement of baffles, at 23 on one side. 
and at 24 on the other, side of the nest. 

of vertical metal I bars, which bars in 
Each baffle consists of two parallel rows. 

75 
each row stand on end with their webs in line and parallel to the length of the tube 

Sate, nest. The Ibars in each row are spaced from which the condensate escapes through a short distafice apart, with the bars in 
the two rows, breaking interspaces with 80 
each other. The two rows of I bars are 
quite close together, so that the two rows 
pors passing through the interspaces of 
one row will be baffled by the webs of the 
mesh with each, other so to speak, and va. 

85 
other row. The baffles are supported on . . 
each side of the nest upon a rib or plate, 
26, which extends outward from the side 
of the shell and parallel tu the tubes of 
the nest. The ribon one side of the tube 
nest is shown at. 26. On the other side 
of the tube nest is a similar rib which 

it between two ribs. The upper ends of 
each baffle system rest between the ribs 
of a horizontal I bar, 27, which extends 
from front to-back of the evaporator case 
and is at an elevation about the same as the perforated plate 21--an edge of which, 

serves a similar purpose. Each rib stup 
ports the baffle elements which stand upon. 

of . 
extends to the baffles just below the lower edge of the Ibar, 27. 

It is apparent that the nest of evapo 
rator tubes and the vapor spaces 4 an 
are all entirely surrounded and separated 
from the vapor spaces 10, 11 and 12, within 
the shell, by the baffles23 and 24-perforated. 
plate 21, rib 22, on door 20 and the ribs 
or plates 26-which support the baffle, so 
that the only connections is by the tor 
tuous passages through the baffles. - . 

9 
05 

l10 

On each side above the baffle sets 23 and . 
24, and resting on the Ibeam 27-are other 
veitical ba?ile sets similar to 23 and 24 
one of which sets 24 is shown. Each of 115 
these extends from a horizontal. I beam 27 . . . 
to the roof 2 of the evaporator shell where 
28, with sufficient play upwards, so that 
the ba?ile elements may be raised away 
from the I bar below and removed from 
the evaporator through the opened door 
20 or other suitable opening in the shell 
the elements of the lower baffles. 23 and 24 
may be removed, through the door way when the door is opened 
The feed of the liquid to be evaporated 

in the evaporator is through the float op. 
erated valve 29; the concentrated liquid 
is delivered away by the circulating pump. 

the elements rest between the two ribs 28 

120 

30 



1 

7 through the discharge nozzle 30. The 

10 

operation of the apparatus illustrated in 
Figures 1 to 4, inclusive, may be described 
as follows: . f 
A charge of liquid having been delivered 

into the bottom of the evaporator through. 
the float valve 29, the circulating pump 7 is 
put in service which results in the liquid being delivered in large quantities through. 
the connecting pipes 25 and 25 on to the 
perforated distributing plate 21. The in 
'act of the liquid upon the plate causes the 
liquid to spread over the entire surface of 
the plate and to shower through the perfora 5 

20 

25 

tions in the plate upon the nest of tubes be 
low, down and over which the liquid flows as indicated in Figures 2 and 3. 
If now steam be delivered into the steam 

chamber 14 through the nozzle marked 
“Steam inlet, the steam passes into the evaporating tubes and will cause evaporation 
from the liquid circulating over the tubes 
with a condensation of the steam inside the 
tubes and with the collection of the air or 
other gases, which may have been contained 
in the entering steam, at the free tube ends 
from which gases escape into the interior of 
the evaporator through an air vent in each . 

30 tube end, as indicated in Figure 4 "Tube ends'. The condensate from the steam flows 
back from the tube into the steam chamber, 
14, and away from the latter through the dis 

35 
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charge pipe 19 as controlled by a steam trap 
of some suitable make as indicated in the drawings. - 

The vapors resulting from the evaporation 
escape from the tube nest from all sides of 
the nest with the exception of the side at the 
tube plate. They escape from each side into 
the adjacent spaces and thence-through the . 
baffles into the passages 10 and 11. Some of 
the vapors escape into the space 4.above the 
tubes and under the perforated plate, 21, and 
thence escape to theside spaces. Some also 
escape into the space 9 below the nest and 
above the liquid in the bottom of the evapo 
rator and thence into the side spaces and 

50 

door 20 and thence as indicated by the ar 

55 
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they escape from the tube nest through. the 
longitudinal inter tube spaces into the space, 
4, between the free ends of the tubes and the , 
rows pass around into the side spaces. “All 
the vapors escaping from the five sides of 
the tube nest pass through the vapor baffles 
into the spaces 10 and 11 and the ice pass 
upwards and through the upper set of baffles, 
as 24, into the collecting chamber or space 
above and from it escape from the evapo 
rator through the opening marked "Vapor outlet'.. 
The vapor current away from the tube nest 

at ERA is comparatively slow and con sequently has but slight tendency to carry, 
particles of liquor entrained in it, so that 
even if no baffles v e used, and the vapor 

,536,894 3 

were allowed to merely pass into the side 
passages and up through the same into the 
upper or collecting chamber 12, without any 
obstruction by intervening baffles such as 24. 
and 24, there would be very little entrained liquid in the vapor passing away through 
the “vapor outlet” during normal operation 
of the evaporator. Many natural fresh 
waters contain very little salts in solution, 
say 1% of that in sea water. In the evapora. if tion of these the baffles could be omitted and also the ledge 22 on the door 20, Fig. 2 could be omitted in which latter case the 
vapórs passing into the space 4 from around 
the ends of the tubes would pass upwards 
into the collecting chamber 12. : 80 

A sudden drop in pressure in the interior 
of an evaporator causes ebullition through all the particles of liquidih the evaporator 
and is likely to cause considerable entrain 
ment in the vapor leaving a nest of tubes at 
the instant of the drop, and in the case of submerged tube eyaporators where the liquid 
is boiling in mass, the entrainment at the time of a sudden drop in pressure is very 
heavy. In the construction shown in the 
drawings all the entire nest of tubes and all 

85 

90 . 

the liquid lying in the bottom of the evapo 
rator is separated from the vapor spaces and 
from the collecting chamber 12 by the baffles 
24, 24", etc., and otherwise as described in the specifications, so that no vapor con 
away from the circulating liquid or. fron. 
the liquid in mass below the tubes, which . 
does not pass through the baffles before it 
enters the collecting chamber, 12, and passes 

95. 

from the “vapor outlet”, so that even in the 
event of a sudden drop in pressure, there is 
likely to be little entrainment in the vapors leaving the evaporators, . . 
The construction of the cylindrical shell 

of the evaporator with a projecting neck, 13, 
05 

with the steam chamber at the end of the . 
same, permits a smaller diameter for the cylindrical case for a given area of heating 110 
strface in the tube nest, whica results in an economy of space occupied by the evapo 
rator when constructed with a cylindrical . . . . . CS8. 
In Figure 

closed, but they open into a floating head 
31. During the process of evaporation in 

5 the evaporating tubes at the 
end away from the steam chamber are not 

5 

the construction of Figure 5, the incondensa 
ble gases which come in with the steam, 
collect as above at the ends of the tubes away 
from the steam chamber. In the case of 

20 

the floating head, the air passes through 
the perforations in a septum plate, 31, and 
into the space. 32. The incondensable gases 125 
may be taken away from this space through the vent pipe, 33, which opens into the space 
32 and extends along an evaporating tube to 
the steam chamber and through and away from it, to any exhausting apparatus, or if 30 



the pressure is greater than the atmosphere, 
then away against the pressure of the latter. 
These gases laden with vapor may be used 
for heating purposes. Or instead of this 

5 vent pipe, the space 32 may be vented di 
rectly into evaporator shell through a little 
vent indicated by 34. - 
The construction of Figure 5 is suited to 

use on shipboard where the evaporator is - 0 

For the purpose of preventing the swashing 
wise of the nest of tubes, transverse vertical surge plates, 35, are placed in the space un 
derneath the tubes. . . . . . 

Figure 1 and also Figure 5 indicate a 
construction of film evaporator in which 
the nest of tubes is contained in a longitudi 
nal shell, which shell has above the tube 
nest an enlargement 12 internediate to the 
ends of the tules, to form a chamber into which the yapors of evaporation flow from 
the protruding sections of the longitudinal 
shell and from which enlargement the va pors escape from the evaporator. 2 5 

By the expression “film evaporator,' 'as 
employed in the following claims, is meant 
an evaporator. in which evaporation is, ob 
to be evaporated in limited quantities on to 
the top of an aggregation or nest of heating. 
surface; so arranged that the liquid show 
ered upon it will fall downward from ele 
ment to element of the heating surfaces 
and keep them thoroughly wetted and 
finally fall from the nest of tubes to a re 
ceptacle below from which receptacle evapo 
rating liquid is recirculated over the heat 
ing surfaces continuously. The elements of 
the “heating nest” are, by some heating 
agent, maintained at a temperature above 
the boiling point of the circulated liquid at 
the pressure existing in the spaces sur 
rounding the heating surfaces. In the 
specification steam is mentioned as the 
"heating' agent, but other agents may be 
used-hot gases and electricity are exam 

40 

ples. In the specifications and drawings, 
the heating nest is composed of an aggre 
gation of parallel horizontal tubes supplied 
with steam at one end of the nest of tubes 
from a steam chamber common to all the tubes-other arrangements of 
surfaces may be employed. . . . 

I claim the following as of my invention, 
WZ, . . . . . . - 

1. In a film evaporator a shell; a nest of 
tubular heating elements so supported with 

50 

55 

and location aste provide spaces within the 
walls enclosing the nest and dividing the 
spaces surrounding the nest into a nest com 
for Supplying the tubular heating agents 

subjected to the rolling motion of the ship. 
of the sea water being evaporated length 

tained by delivering or showering the liquid 

the heating 

in the shell and having such dimensions 
shell surrounding the nest; vapor baffle - 

partment and outer compartments; means 

1,536,894. 

internally with a heating agent; distribut 
ing neans above the nest of tubular heat 
ing elements within the enclosing vapor 
baffle walls; means for delivuring a liquid 
to the distributing means; vapor passages 70 
through the vapor baffle enclosing walls 
between nest compartment and outer com partments; and vapor escapes for the outer compartments. 

2. In a film evaporator a shell; a nest of 75 
tubular heating elements so supported with 
in the shell in a lower portion thereof and 
having such dimensions and location as to 
provide spaces surrounding the nest within 
the shell; means for supplying the tubular 80 heating elements internally with a heating 
agent; a perforated septum plate located 
above the nest of tubular heating elements 
and serving to divide the interior of the 
shell essentially into a lower chamber con-85 
taining the heating elements and a vapor 
-collecting chamber above; means for deliv 
ering a liquid to be evaporated upon the 
said perforated septum plate and through 
its perforations onto the top of the nest of 90 
heating elements; vertical vapor baffle walls 
enclosing the collecting chamber above the perforated septum plate, vapor. passages 
through these walls and communicating 
with the spaces below the septum plate; and 95. 
a vapor escape for the collecting chamber. 

8. In a film evaporator a shell; an en 
closure within the shell formed by approxi mately vertical vapor baffle enclosing walls 
so located within the shell as to leave outer 100 
spaces between the walls and the sections of 
the shell facing the walls; a nest of tubular 
heating elements in a lower part of said 
enclosure; means for supplying the interior 
of the tubular heating elements with a 105 heating agent; distributing means above 
the said nest of heating elements and adapt 
ed to shower a liquid over the heating - ments, and means for delivering the liquid 
to be evaporated to the distributing means; 110 vapor passages through the vapor baffle en 
closing walls between the tube nest enclo 
sure and the said outer spaces; a collecting 
chamber aboye the distributing means; va. 
por communications between the collecting lls. 
chamber and the said outer spaces; and a 
vapor outlet for the collecting chamber. 

4...In a film evaporator a containing shell; 
an enclosure within the shell having its 
sides formed by approximately vertical 120 . . . 
vapor baffle walls each extending nearly to 
the roof of the shell and nearly to the floor . 
of the same, the baille walls being so located 
within the shell as to form outer compart 
ments between the shell and said walls and 125 
a nest of tubular heating elements supported 
in the said enclosure in the lower part there 
of; distributing means located above the 
nest of heating elements for distributing and 
showering liquid over the said nest and ex- 130 



5 
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tending to the inner surfaces of the enclos 
ing walls to form a tube nest chamber below 
and a vapor collecting chamber above said. 
distributing means within the enclosing 
walls; means for delivering a liquid to the 
distributing means; vapor passages through 
the vapor baffle enclosing walls between the 
tube nest chamber and the said outter com 

() 

vapor outlet for the collecting 

20 

partments; vapor passages through the en 
closing walls between the collecting chamber 
and the said outer compartments; and a 

g chamber. 
5. In a film evaporator an inclosing shell; 

a nest of substantially horizontal and paral 
lel spaced heating tubes; so supported with 
in the shell in a lower portion thereof as to 
provide spaces within the shell on each side 
of the nest of tubes and an upper space above 
the tubes, the tubes at one end opening 
through a tube plate into an inclosed steam 
chamber separated from the interior of the 
shell by the tube plate, the tubes at the other 
end away from the tube plate being closed 
and facing an end space in the shell, the in 

25 
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tertube spaces communicating with the said. 
end space; a steam supply inlet to the steam 
chamber; distributing means within the shell 
in the lower part of the space above the nest 
of heating tubes and adapted to shower a 
liquid over the nest of tubes, with means for 
delivering a liquid to be evaporated to the 
distributing means; the spaces at the sides 
of the nest of tubes communicating with the 
upper space abovd the distribiting means 
therein; and the said end space communicat 

ling with the upper space above the distrih 
uting means and a vapor outlet for the said 
upper space above the distributing means. 

6. In a film evaporator a vertical shell: a 
neck projecting horizontally from and open 
ing into the vertical shell; an enclosed steam 

s 

chamber at the end of the neck away from 
the shell, with a tube plate. dividing the in 
rior of the neck; a nest of substantially hori 
Zontal and parallel spaced heating tubes Sup 
terior of the steam chamber from the inte 

45 

ported within the neck, the tubes at one end 
opening through the tube plate into the 
steam chamber and at the other end extend 
ing into the vertical, shell; a steam supply 
inlet to the steam chamber; distributing 
means within the vertical shell above the 

50 

nest of tubes and extending into the neck, 
adapted to shower a liquid over the nest of 
tubes within the neck and the vertical shell; 
means for delivering a liquid to be evapo 
rated to the distributing means; vapor spaces 
around the nest of tubes within the neck, ex 
tending to and opening into the vertical shell; 
and a vapor outlet for the vertical shell. 7. In a film evaporator; an inclosing lon 
gitudinal horizontal shell; a nest of sub 
stantial horizontal and parallel spaced heat 
ing tubes so supported within the shell as to 
have a surrounding space between the nest 

55 
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of tubes and the inclosing shell, and means 
for supplying the tubes with a heating 
agent: an upwardly extending portion of 
the shell'abpve the nest of tubes and shorter 
than the tubes, said portions being adapted 
to serve as a collecting chamber for vapors; 
distributing means within the inclosing lon. 
gitudinal shell above the heating tubes 
adapted to shower a liquid over the nest of 
tubes throughout the length of the nest of 
tubes within the shell; vapor passages con 
necting and adapted to convey. vapors of 
evaporation from the portions of the shell 
beyond the limits of the collecting chamber 
to the chamber; a vapor outlet for the vapor 
chamber. A 

SAMUEL MORRIS LILLE. 
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