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To all whom it may concern: 
Be it known that I, WILLIAM G. ABBOTT, 

Jr., a citizen of the United States, and resi 
dent of Wilton, in the county of Hillsbor 
ough and State of New Hampshire, have 
invented new and useful Improvements in 
Evaporators, of which the following is a 
specification. 
This invention relates to an apparatus 

for evaporating liquids, and consists in im 
provements by which evaporation is more 
efficiently carried on than in apparatus here 
tofore known to me, and in which a tube or 
Wall, slightly spaced from a heater element, 
forms a narrow space therebetween, which is 
open at top and bottom, and confines a thin 
body or layer of the liquid in contact with 
the heating element. The thin body of liq 
uid so formed is raised rapidly in tempera 
ture to a condition of ebullition, and by rea 
son of its lesser density than that of the 
surrounding liquid in the evaporating ves 
sel, is forced rapidly upward through the 
confined space by the superior hydraulic 
head of the exterior liquor, the vapor pass 
ing out through the open top of the con 
fined heating space while fresh liquor en 
ters through the open bottom of said heating 
space, thus maintaining an active circulation 
upward through the confined space in con 
tact with the heating element. Said body 
or layer of liquor is preferably as thin and 
film-like as is consistent with free and rapid 
circulation. 
Steam is preferably employed for heating 

the heater element; and the steam also is 
kept in circulation, and preferably in a di 
rection opposite to that of the liquor being 
evaporated. 
With my apparatus a large capacity per 

square foot of heating surface is secured, 
and also a low average boiling tempera 
ture due to a low hydraulic head. 

In its preferred form the invention com 
prises a steam circulating duct within the 
liquid space of the evaporator, and a tube 
or wall, Surrounding the steam duct and 
spaced therefrom but slightly, so that be 
tween the steam duct and the surrounding 
tube there is formed a thin layer or body 
of the liquor, the space between the steam 
duct and the tube being open at both top 
and bottom to permit free circulation. 
In the accompanying drawings which 

the top of pipe B'. 

illustrate certain embodiments of the in 
vention 

Figure 1 shows in vertical section, partly 
in elevation, an evaporator containing the 
elements of the invention; 

Fig. 2 is a vertical section on an enlarged 
Scale, partly broken away, of one of the 
vaporizing elements; 

Fig. 3 is a side view of the cap illustrated 
in Fig. 2; 

Fig. 4 is a bottom plan view of said cap; 
Fig. 5 is a top plan view of the sleeve fix 

ture at the bottom of said vaporizing ele 
ments; 

Fig. 6 is a perspective view, enlarged, of 
one of the Supports for the circulation tube; 

Fig. 7 is a vertical section, broken away, 
illustrating a modified construction of the 
lower part of said apparatus; and 

Figs. 8, 8, 9 and 10 are diagrammatic 
views of other modifications hereinafter de 
scribed. 

Referring to the form of the invention 
illustrated in Figs. 1 to 6: A represents a 
vessel to contain the liquid to be evapo 
rated, A is an inlet duct through which the 
liquid is introduced into the vessel, and A 
is an outlet duct through which the residue 
of the liquid after evaporation may be drawn 
off. These ducts may be provided with 
suitable means for closure (not shown). 
The vapors and gases of evaporation are 
conducted away through an opening A at 
the top of the vessel, and if desired, a vacu 
um apparatus may be provided to reduce 
the pressure within vessel A. 
The elements of the evaporating device 

consist in a steam circulating loop which 
comprises steam pipe B, and a steam pipe 
B', the latter surrounding the former, and 
the delivery end of the pipe B opening near 

Considered separately 
the pipe B is a dead end pipe, the top be 
ing closed by a plug b. The pipe B is set 
into the header plate A at the lower part 
of the vessel, and extends through plate A 
so as to communicate with the steam. Sup 
ply passage C. The lower end of steam 
tube B' is set into a sleeve or thimble D, 
made of soft metal, and having a hexagonal 
head to receive a Wrench and a tapered, 
screw-threaded portion, which screws into 
a tapered, threaded hole in plate A. When 
screwed into the hole by means of a socket 
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wrench laced ; \eir the tile, the soft netal 
sleeve I can presses about the title i3 and 
forms a tight joint. Between plates A and 
A5 is a drip ch: naber E, to receive the con 
densed steam from tube 3, and provided 
with a dip opening e. The plate A coll 
stitutes the botton of the liquid vessel, and 
is detachably secured to the Walls of vessel 
A.; and the lower member comprising the 
plate A* and the steai supply passage C is 
detacially secured on the bottom of 
plate A. ... is 
Surrounding and but slightly spaced from 

the pipe B, which constitutes the heating 
element, is a cylindrical vali or tube F. 

I open at top and bottom. The space between 
the pipe B and the tube F has but little 
depth horizontally measured, so that the 
liquid in the vessel which flows into this 
space is in the form of a thin layer and 
therefore susceptible to very rapid and 
effective heating. The tube F is supported 
at its lover end by radially disposed fins or 
brackets d, which are set into slots in the 
sleeve D. Each bracket (d has a shoulder d, 
by which the lower end of tube F is Sup 
ported and spaced from the sleeve D, and a 
spacing finger d? by which the tube F is 
spaced from the tube B'. 
On the top of tube B' is a cap G provided 

with a number of downwardly extending, 
radially disposed spacing fins g, which pro 
ject between tubes F and B, thereby hold 
ing them properly spaced apart at their 
tipper ends. The cap G covers only the top 
of tube B' so as to leave the top of tube F 
open for the free circulation of the liquor 
and the outlet of the vapor. The margin of 
the cap G on its linder side is made to fare 
upwardly, as shown at ?t'. So as to defect 
the stream of boiling liquid back into the 
return Spaces between the tubes F. The 
level of the liquid to be evaporated is shown 
at L. 
Steam is admitted to passage C. and 

thence to the steam pipes B, and back upon 
itself through the heating pipe B. The 
thin layer of liquid between pipe B and 
tube F is heated rapidly to its ebullition 
point, and therefore becomes specifically 
lighter than the body of the liquor outside 
of walls F. This difference in specific 
gravity together with the ebullition in the 
space between F and B catases the boiling 
liquor to be ejected freely and forcibly from 
the open top of tube F, fresh liquor entering 
at the bottom. The vapor passes of through 
outlet A. While the boiling or foaming 
liquor is deflected by the cap G and turned 
back into the liquid space of vessel A. 
The steam which enters through pipe B to 

the top of the heater tube or pipe B cir 
culates downward through pipe B, and is 
Condensed oil pipe 3 and drains down on to 
plate A, whence the Yatel drains off through 

1,265 8 

the drip port C. The plate A" slopes down 
ward, as show ), from the steam inlet end to 
drip outlet end, thereby accomplishing the 
doible purpose of insuring rapid drainage of 
the water of condensation, and providing a 
stealin inlet, passage C of greater capacity 
near its intake end than at its other end. 
thus insuling a more even distribution of 
steam to the several steam pipes B rising 
from said passage C. 
The arrangement shown in the drawings 

in which the entering steam from pipe B 
first connes in contact with the upper part of 
the heater tube B', is of distinct advantage, 
since as the steam delivers its heat and 
falls in temperature, it is proceeding toward 
the lower and cooler portion of the Sur 
rounding layer or film of liquid. Thus the 
transfer of heat per square inch of heating 
surface is rendered approximately uniform 
throughout the whole length of the heating 
Starface. The influx of steam to the passage 
C may be so regulated that nothing except 
condensed water emerges at the port e there 
by insuring the utilization of the entire 
latent heat, and also producing a pro 
nounced drop in pressure between the Sup 
ply header C and the induct steam pipes B. 
The maintenance of such a pressure drop 
guards against the chance of any one or 
more of the induct pipes being rendered in 
active by any slight local effect opposing 
the circulation. Active steam circulation 
in the device also tends to Wash out any air 
that might tend to become pocketed in the 
heated tubes. 

It is also possible with this apparatus to 
maintain a low liquid level, resulting in a 
low hydraulic head and a consequent low 
average boiling point. The whole mass of 
liquor may be kept in Such active circula 
tion that the temperature is nearly uniform. 
Delicate liquors can therefore be evaporated 
safely, because of the Small temperature 
difference found on this account, and on ac 
count of the Small temperature difference 
necessary to make the circulation effective. 
The activity of the circulation requires the 
liquor to be in contact with the heating 
tubes the minimum time, and keeps the 
tubes well Scoured from sediment. 
Thus both the heating fluid and the 

heated fluid are made to circulate continu 
Ously, and in the preferred form of appa 
ratt is the Strealms of heating and heated 
fluid flow in mutually opposite directions, 
insuring a uniformity in the rate with 
which heat is transferred from One fluid to 
ths other. 
sesses many structural advantages. The 
Steam chest or header at the bottom of the 
vessel. containing the steam passage C, is 
cast in One piece, and is readily separable 
from the vessel. The plate A is made in 

The above described apparatus also pos 
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another piece separable from the vessel. 
The top or cover of the vessel may also be 
made removable or may be provided with a 
manhole. Thus any one or more of the 
tubes F or B, which are the most likely to 
be affected by corrosion, may be readily re 
moved and replaced through the top of the 
apparatus; or if desired all the tubes, as 
Well as the steam pipes B, may be removed 
together from the bottom by detaching and 
removing the plates A* and A to which they 
are fixed. As the heating tubes B are se 
cured only at the bottom ends and are free 
at their top ends, they may easily be cleaned 
by removing the circulating tubes F, and 
lsing an annular scraping tool, without re 
moving the tubes B from the header. 

In Fig. 7 certain structural modifications 
are illustrated by which it is possible to 
remove any of the tubes individually 
through the bottom of the vessel, which is 
desirable when the vessel is situated in a 
raised position where it is difficult or im 
possible to gain access to the interior of the 
vessel through the top. The steam pipes B 
are Secured in a header plate A forming 
the top of the steam inlet passage C. The 
plate A may be removed through the bot 
tom of the steam chest containing passage 
C. carrying with it all the pipes B as a unit. 
The header plate A" is similar to plate A 
excepting that threaded holes are tapered 
in the opposite direction; and the sleeves or 
bushings D are tapered in the opposite 
direction from sleeve D and are screwed 
into the plate A" from the bottom. Thus 
the sleeves D may be removed individually 
from below, each carrying with it the tubes 
B' and F which it supports. Said tubes 
may also be removed all together as a unit 
by removing plate A", as in the form first 
described. 

Referring now to the modification illus 
trated diagrammatically in Fig. 8, the steam 
enters through the header 1, thence passes 
through the steam heating pipes 2, and the 
outlet and drainage is through header 3. 
The heating pipes 2 are surrounded by cir 
culation tubes 4, open at top and bottom, 
which confine a thin layer of liquid about 
and in contact with the heating pipes 2. 
The circulation tubes 4 should be made 

in lengthwise divided sections, to provide 
for their easy removal, in Some Such manner 
as shown in Fig. 8, in which the margins 
of one tube section are sprung over the 
other. The operation will be clearly under 
stood from the description of the form first 
explained. 

In the modification illustrated in Figs. 
9 and 10, the steam inlet pipes 5, are al 
ranged in rows, each row rising from a 
header 6, through which steam is supplied. 
There may be several such rows in the vessel, 
as shown in Fig. 10, which is a view at right 

angles to Fig. 9. Surrounding pipes 5 are 
educt steam heating pipes 7 which rise from 
headers 8, Surrounding headers 6. Circula 
tion tubes 9, open at top and bottom sur 
l'ound the steam heating pipes 7, and the 
circulation of steam and of the liquid takes 
place in the same manner as explained in 
connection with the first form of the in 
vention. The inclination of the evaporating 
elements, as shown in Fig. 10, makes it pos 
sible to reduce the hydraulic head under 
which the evaporators work, since by 
reason of the inclined angle of the circula 
tion and heating tubes the total vertical dis 
tance from the bottom to the top of each 
evaporating unit is diminished. 
The invention is susceptible of embodi 

ment in many other forms, the essential 
characteristic being that a heating element 
be situated in the liquid space of the vessel, 
and that a thin layer or body of the liquid 
be confined in contact with the heating ele 
ment by a wall only slightly spaced from 
the heating element, which space is open at 
top and bottom to permit free circulation 
of the liquid upward through said confined 
Space in contact with the heating element. 
It is also desirable that the heating element 
should consist of a steam circulation duct, 
and that the circulation of the steam should 
be in the opposite direction to the circula 
tion of the liquid being evaporated. 
I claim: 
1. In an evaporator, the combination of 

a vessel for containing liquid, a pair of 
concentric tubes the ends of which project 
upWardly out of the liquid, means to circu 
late liquid upwardly through the space be 
tween the tubes and to heat the liquid as it 
circulates upwardly, and a member having 
an annular portion arranged to deflect the 
fluid issuing from said space outwardly into 
the space above the liquid. 

2. In an evaporator, the combination of 
a vessel for containing liquid, a pair of 
concentric tubes the ends of which project 
upwardly out of the liquid, means to circu 
late liquid upwardly through the space be 
tween the tubes and to heat the liquid as 
it circulates upwardly, and a member hav 
ing an annular portion arranged to deflect 
the fluid issuing from said space outwardly 
into the space above the liquid, and also 
radially to space the tubes with respect to 
each other. 

3. In an evaporator, the combination of 
a pair of concentric tubes, means to circu 
late fluid along the space between the tubes, 
and a member fitting over the end of the 
inner tube, the member having an outwardly 
flaring surface outwardly to deflect the fluid 
issuing from said space. 

4. In an evaporator, the combination of 
a pair of concentric tubes, means to circu 
late fluid along the space between the tubes, 
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and a member ?itting over the end of the 
inner tube, the member having an outwardly 
flaring surface outwardly to deflect the fluid 
issuing from Said space, and having spacing 

5 fingers extending inwardly between the 
tubes radially to position the tubes with re 
spect to each other. 

Signed by me at Wilton, New Hampshire. 
this 9th day of January, 1915. 

WILLIAM G. ABBOTT, Jr. 
Witnesses: 

RoBERT CUSENIAN, 
CHARTES D. WooDBERRY. 

Copies of this patent may be obtailed for five cents each, by addressing the “Commissioner of Batents, 
Washington, D. C.’ 


