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To all whom it may concern:
Be it known that we, PavL Taetex snd

James BuckNer Speep, citizens of the

United States, residing the said TaEeLEx at
the city and county of San Franeisco and
State of California and the said Sreep at
Berkeley, Alameda county, ‘California, have
invented certain new and useful Improve-
ments in  Apparatus for Eva in,
Liquids, of which the following is a speci-
fication.

Our invention relates to ‘that class of
liquid evaporators in which
ess of distillation or concentration is per-
formed according to the method of concen-
tric shells, and it consists in ‘the movel
arrangement and combination of parts
Which we shall hereinafter folly describe
together with the objects and advantages of

the invention,
Referring to the accompanyi drawings,

the figure is a sectional -elevation of our
apparatus.

Xor the purposes of this applivation we
will assume the liquid to be handled is water
which contains dissolved ino ic salts;
that the process is one of disti tion; that
the nultiple effect is triple, all above .atmos-

pheric pressure; and that the concentric
shells have a vertical axis. These assump-
tions are, however, merely llustrative, as
we shall hereinafter show; for the liquid
handled may be other than water; the proc-
ess may be one of concentration or nay
include for -its object both concentration
and distillation; the effects may be of other
multiple than triple, and may ‘be below at-
mospheric (Fressure, or part above and part
below; and the shells may be im::linec‘im or
have other than a vertical axis. Al these
variations and others fall within our inven-
tion, and may be readily made as will be
fully shown hereinafter.

In this apparatus the still-unit is com-
posed of three cylindrical shells, he inner
one being designated by 1, the middle one by
2, and the cuter one by 8. ‘These shells are
nested in such a wayas to furnish one cylin-
drical com;lmrtment 4, and two compart-
ments 5 and 6, respectively, whose horizon-
tal section is an annulus, A distributer
pipe 7 girdles the inner shell 1, near its top;
und another distributer pipe 8, girdles the
middle shell 2, near its top. Ench of theso
pipes hay dischorge holes 9, so disposed as

a multiple proc-

to divide uniformly, by mesns of jets, the
Taw water which is to be distilled, snd to
divide it in such a way that a Him of water

is maintaimed all over the outside surfaces

of the two shells 1 and 2. At the bottom of
the still -in the base of comparments 5 and
6 are two cylindrical partition walls 10 and
11 respectively, of amny suitable height
thouﬁh here shown as relatively low, each o
which divides the annular
which it is Jocated into two smaller szmu-
luses of which the outer will handle dis-
tillate and the inner concentrste. .
12 is a pemp by which the raw water is
supplied to the still under pressure. The
pipe 13 #rom the pump connects, through
egrtain -heat-interd , presently to °
described, with the delivery pipes 14 and 15
whrich dead to the distributer pipes 7 and 8

lm*ectxvely.

he heat-interchangers may be of any
suitable cenventional or standard type, say
for example, concentric spaoed pi%es. In
tthe present instance there are four heat-in-
terchangers, two for handling the distillste
and two for the concentrate. One of the
former is composed of an outer pipe 16
which communicates below with ‘the pump
Pipe 13 and sbove with the delivery pipe 14
to the distributer 7; and nn inner pipe 17
which communicates above with a steam-
trap 18, and below with the distillate tank
19. The steam-trap 18 communicates with
the distillate unnuf)us in the base of com-
partment 5. The other distillate heat-inter-
changer is similarly comfmsed of an outer
pipe 20 communicating below with the pump
pipe 13 and nbove with the delivery 15 to
the distributer 8; and an inner pipe 21 com-
municating above with a steam-trap 22 nnd
below with the distillate tank 19. The
steam-trap 22 communicates with the distil-
late annulus in the base of compartment 6.
One of the two heat interchangers for the
concentrate is composed of an outer pipe 23,
which communicates below with the pump-
pipe 13 and above with the onter pipe 16 of
the first heat interehanger for the distillate ;
and an inner pipe 24 which commmientes
above with r stenn trap 25, nnd below with
the concentrnte tank 26.  The steam trup 25
communicates with the concentrnte annulus
in the base of compartment 5. The other
heat interchunger for the coneent rate is com-
posed of an onter pipe 27 which communi-
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,ovu}mrul;ed off into stemn from this outer

cates below with the &umfp pipe 13 and nbove
with the outer pi of the second heat in-
terchanger for the distillate; and an inner
pipe 28 which communicates above with a
steam trap 29 and below with the concen-
trate tank 26, The steam. trap 29 communi-
cates with the concentrate annulus in the
base of compartment 6.

The several steam traps may be of any
suitable or standard t?'pe and need no de-
tailed description or illustration, their fune-
tion being merely to discharge automatically
from the still the condensed steam and the
residue from evaporation, which two liquids
have been terme&m ahove respectively distil-
late and concentrate. The heat-interchang-
ers serve as pre-heaters for the raw water
and as coolers for the waters from the steam
traps discharge.

30 is a boiler, from which high pressure
steam is discharged through a pipe 31 into
the jnner shell 1 of thestill. The condensa- |
tion from this steam is discharged from said !
shell by gravity back to the boiler, through
the pipe 32 . .

In connection with the Fump-pxpe 13isa
condenser 38 of any suitab e type, said pump-
pipe leading into and emerging from the
condenser. is condenser communicates b[v
a pipe 84 with the interior of the outer shell
3, and said condenser discharges by a fplge
35 into the distillate tank 19. Some of the
steam from shell 3 passes down into the con-
denser 33, and is therein, due to the cold
raw-water passin through said condenser,
reduced to a distillate and passes down to
the tank 19, while the raw-water itself, in
effecting this condensation, has its tempera-
ture raised. The condenser thus serves, both
s a_pre-heater for the raw water and ns a
distillate condenser.

The method of operation of this appa-
ratus is as follows: The boiler 80 discharges
hiﬁllx1 (fressure steam into the inner shell or
cylinder 1 of the still. This steam condenses
and discharges by gravity back to the boiler.
It condenses on the inner surface of the in-
ner shell 1, by virtue of a film of cooler
water which is maintsined by the distribu-
ter pipe 7 on the outer surface of said shell.
A portion of this film of water is evaporated
off progressively at intermediate pressure,
by virtue of the heat of condensation of the
high pressure steam. The water eviporated
off here into steam condenses similarly on
the inside surface of the second shell 2, and

evaporates, at low pressure, n portion of the
film of still cooler water, wﬁich is main-
tained by the distributer pipe 8,0n the outer
surfuce of snid second sKel 2. The water
surface of shell 2 condenses in part on the |
inner surface of the outer shell 3 aud in part !
in the condenser 33, Tho water which is
ovitporated nnd condensed within the slilll

045,040

becomes distillate und flows down in a filin
on the inner surfaces of shells 2 and 3. It
asses into the distillate unnuluses in the
ttom of compartments 5 and 6 and from
these is delivered through the steam traps 18
and 22 to their respective heat-interchang-
ers, in which it
coming raw water from the pump, and is
finally voided, luke-warm, into the distillate
tank 19, A portion of this condensed water
also reaches the distillate tank through the
condenser 33. The raw water, which flows
in u film down the outer surfaces of shells 2
and 3 loses progressively of its mass by evap-
oration, and becomes a concentrate.” which
contains all the salts of the original water.
This concentrate enters the inner annuluses
in comsartments 4 and 5 and thence is dis-
charged through the steam traps 25 and 29
to their respective heat interc*mugers, and
thence it finds its way, luke-warm into the
concentrate tank 26. The entire hody of
raw water is pumped throngh the condenser
and pre-heater 33 and thence through the
interchangers to the distributer pipes.

An apparatus of this t'yge may be varied
to cover a wide range, with respect, first, to
the number of effects; second, to the pressure
and temperature range; third, to the process;
and, fourth, to the distribution of the liquids.

First. The number of effects may be va-
ried at wi
of concentric shells,

or by running several

stills in series.
Second. The Lr:ssures may all be above
atmospheric, making a pressure plant; or all

below atmospheric, making a vacuum plant
or they may range from above atmosphere
to below atinosphere, making a combined
pressure and vacuum plant.

Third. When the process is distillation for
distilled water, the distillate is the valuable
product, while the concentrate is either dis-
carded or further treated for what salts it
may have in solution. When the process is

concentration, as in sugar house practice, the-

concentrate is the primary valuable pro«iuct,
while the distillate is distilled water, which
is also valuable. R

Fourth. One untreated liquid under pres-
sure may supply all effects; and all effects
may discharge concentrates of the same den-
sity; or the concentrates from the effects of
higher temperature may be discharged at a
lesser density and may then become the un-
treated liquid for the effects of lower lem-
perature within which a further concentra-
{ion may then be offected.

All concentrated liquids and condensed va-
pors being nutomatically discharged by the
steam traps, there is no labor cost for this
item.

The urmnﬁement of the evaporating liquid
in this nove t{lpe of filn cunses n quict
steaming though in immenso volume, [t
o,

loses of its heat to ihe in--
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does away entirely with boiling or spitting |
" other surface; and steam traps _
- discharging said liquids from the coliecting

and contributes very materially to the high
heat transmissions which are obtained.
Having thus described our invention what

we claim as new and desire to secure by Let- -

ters Patent is:— )

1. In an apparatus for evaporating liquids
in multiple effect, a series of nested, spaced
shells; means for supplying the raw li uid
filmwise to the outer surface of each shell

inclosed in the series; means for applying .

heat sufficient for all effects, to the interior
of the innermost shell, and means for sep-
arately collecting from the opposing sur-
faces of adjacent shells the concentrated
liquid from one surface and the distilled
liquid from the other surface. o

2. Inan apgaratus for evaporating liquids
in multiple effect, a series of nested, spaced
shells; means for supplying the raw liquid
filmwise to the outer surface of each shell
inclosed in the series; means for applying
heat sufficient for all effects, to the interior
of the innermost shell; a partition wall in
each intershell space for collecting separately
the concentrated liguid coming from the
outer surface of one sheil from the distilled
water coming from the inner surface of the
adjacent shell; and means for separately
discharging said liquids.

3. In an apparatus for evaporating liquids
in multiple effect, a series of nested, spaced
shells; means for supplying the raw liquid
filmwise to the outer-surface of each shell
inclosed in the series; means for applying
heat sufficient for zll effects, to the interior
of the innermost shell; a partition wall in
each intershell space dividing said space into
two intercommunicating spaces one adjacent
to the outer surface of one shell and the
other adjacent to the inner surface of the
next shell; and means for separately dis-
cha‘rg{ing the liquids from said two spaces.

4, Inan apgaratus for eva})orat'mdg liquids
in multiple effect, a series of nested, spaced
shells; means for supplying the raw itglid
filmwise to the outer surface of each shell
inclosed in the series; means for applying

heat sufficient for all effects to the interior '

of the innermost shell; a relatively low par-
tition wall in the lower end of each inter-
shell space dividing said space into two
spaces one adjacent to the outer surface of
one shell and the other to the inner surface
of the next sheil; and eans for separately
discharging the liquids from said two spaces.
3. In an apparatus for evaporating liquidy
in nltiple effect, a seriey o? nested, spaced
shells; means for supplying the raw liquid
filmwise 1o the onter surface of each shell
inclosel in the series; means for applying
heat suflicient for all effects to the mterior
of the innermast shell; means for sepnratel
u:ollce(.qu fromn the opposing surfaces of ad-
jacent shells the concentrated liquid from

one surface and the distilled lit}uid from ﬁlle
or separately

means. ‘

6. Inan apgaratus for evaporating liquids
in multiple effect, a series of nested, spaced
shells, pipes for feeding the raw liquid to the
series of shells; distrignting pipes for sup-
plying the raw liquid filmwise to the outer
surface of ench shell inclosed in the series:
means for applying heat sufficient for all ef-
fects to the interior of the innermost shell:
means for separately collecting from the

i apposing surfaces of adjacent shells the con-
" centrated liquid from one surface and the

distilled liquid from the other surface: sepa-
rate discharge pipes from said collecting
means; and a series of heat-interchangers
involving the feed pipes for raw liquid and
the discharge pipes from the collecting
means.

7. In an apparatus for evaporating liquids
in multiple effect, a series of nested, spaced
shells, pipes for feeding the raw liquid to the
series of shells; distributing pipes for sup-
plying the raw liquid filmwise to the outer
surface of each shell inclosed in the series;
means for applying heat sufficient for all ef-
fects to the interior of the innermost shell;
means for separately collecting from the op-
posing surfaces of adjacent 5’1e115 the con-
centiated liquid from one surface and the
distilled liquid from the other surface; a
series of steam traps for separately discharg-
ing said liquids from the collecting means;
discharge pipes from said steam traps; and
a series of heat interchangers involving the
feed pipes for raw liquid and the discharge
pipes from the steam traps.

8. In an apparatus for evaporating liquids
in multiple effect, a series of nested, spaced
shells; a feed pipe for the raw liquid; dis-
tributer pipes for supplying the raw liquid
filmwise to the outer surface of each shell
inclosed in the series; means for applying
heat suffictent for all effects, to the interior
of the innermost shell; means for separately
collecting from opposing surfaces of adju-
cent shells the concentrated liquid from one
surface and the distilled liquid from the
other surface; pipes for separately discharg-
ing said liquids from the collecting means:
and n condenser communicating with the in-
terior of the outermost shell to receive a por-
tion of the steuin therefrom and condense it,
snid condenser being so disposed relativel
to the raw liquid feed pipe as to serve Im(f:
as n condenser for the steam and pre-heater
for the raw liquid.

9. Tn an apparatus for evaporating liquids
in multiple effecty n series of nested, spneed
shells: o feed pipe for the raw liguid: dis-
tributer pipes for supplying the raw liguid
filmwise to the outer suruce of ench shell in-
closed in the series: menns for npplying heat
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sufficient for all etfects, to the interior of the
innermost shell; means for separately col-
lecting from opposing surfaces of adjacent
shells the concentrated liquid from one sur-
face and the distilled liquid from the other
surface: u series of steainr traps for sepa-
rately discharging said liquids from the col-
lecting mneans: a series of heat interchangers .
involving the trap discharges and the feed
pipe for the raw liquid ; and a condenser com-
municating with the interior of the outer-
most shell to receive a portion of the steam
therefrom und condense it, said condenser i
being so disposed relatively to the raw liquid
feed pipe as to serve both as a condenser for -
the steamn and a pre-heater for the raw liquid.
10. In an apparatus for evaporating liﬂ-
nids, in multiple effect, 2 series of nested,

946,640

* spaced shells; means for supplying the raw

hquid filmwise to the outer surface of each
shell inclosed in the series; a boiler, havin,

_a steamn pipe leading to the innermost she

and a return pipe to said boiler for the water
of condensation from said shell; and means
for separately collecting from the opposin,
surfaces of adjacent shells the concentrateg
liquid from one surface and the distilled lig-
uid from the other surface.

In testimony whereof we have signed our

: names to this specification in the presence of

two subscribing witnesses.
PAUL THELEN.
JAMES BUCKNER SPEED.
Witnesses:
Wat. F. Boorn,
D. B. Ricuarps.
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