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UNITED STATES PATENT OFFICE.

JOHN E. SIEBEL, OF CHICAGO, ILLINOIS.

ART OF DISTILLING, CONCENTRATING, AND EVAPORATING LIQUIDS.

No. 849,579.

Specification of Letters Patent,

Patented April 9, 1907,

~ Application filed April 25, 1904, Serial No. 204,871,

Te all whom it may concern:

Be 1t known that I, JorN E. SIEBEL, a citi-
zen of the United States, residing at Chicago,
in the county of Cook and State of Illinois,
have invented certain new and useful Im-
provements in the Art of Distilling, Concen-
trating, and Evaporating Liquids, of which
the following is a clear description, which will
enable others skilled 1n the art to make and
use the same. |

My invention relates to the process of dis-

- tilling hiquids of any kind by means of evapo-

ration, in which the heat of condensation is

utilized to assist in the evaporation.

- The object of my invention is to provide a
process for distilling, evaporating, and con-

- centrating liquids wherein the wvapors dis-
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charged by the evaporating or distilling liq-
uid are withdrawn from the boiler and con-
ducted through the liquid to be evaporated,
thereby transferring their latent heat to the
liguid to be evaporated. _

My improvement in the process of evapo-
rating, distilling, and concentrating of lig-
uids therefore further consists in applying

“mechanical means for withdrawing and com-

pressing the vapors formed by the evaporat-
ing of the distilling liquid, thereby producing
a higher temperature, and thence removing
the heat added by compression by the in-
jection of a cooling liquid injected in a con-
tinuous stream or in broken sprays, by

- which the vapors are saturated before pass-

38

ing through conduits located within the lig-
uwid to be evaporated, distilled, concentrated,
or heated.

My improvement in the process of distil-

ling, evaporating, and concentrating of liq-

- wmds may be carried out in various ways; but
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m order to fully set forth my improved proc-

~ess reference will be had to the accompany-

mg drawings, which form part of this speci-
fication, and in which— | |

- Figure 1 1s a view of a still or boiler, partly
1In section, showing an injector for withdraw-

ing the vapor and introducing the cooling |
. liquid into the vapor-conduit. _
view showing mechanical means for with-

Fig. 2 1s a

drawing the vapor and introducing the cool-
ing- hquid in the form of broken sprays.
Figs. 3 and 4 show different constructions for
carrying out my process.. _

. Referring more particularly to Fig. 1 of the

~drawings, I denote by the letter A ‘a still,

55

boiler, or evaporator having a steam-space
B, which terminates in a horizontal pipe C.

1

orstitl A.  The pipe E is the means for con- -

The pipe C 1s connected at right angles with
the pipe I, which latter pipe leads to a coil or
worim D, located within the liquid-space of
the boiler or still A, which pipe D terminates
In a receptacle S. Before entering S the
worm or coll D extends through a pipe E,
sald pipe I being connected with the boiler

ducting the cold liquid to be evaporated
coming through the pipe L into the still A.

The pipe K, conducting the cold liquid to

be evaporated, forms a counter cooling me-
d1um for the vapors condensed or liquid pass-
ing through the pipe D after leaving the still
A, and at the same time the condensed liq-

uld transfers its heat to the cold liquid, there-
by raising the temperature of said cold licquid

to that within the still or boiler, or nearly so.
The tension of the condensed vapors in the
vessel or trap S is regulated by the weight of
safety-valve secured on the vessel S, and at
the same time the degree of compression
which the vapors are under while passing
through the worm or coil will be regulated by
sald safety device. or valve. The compres-
sion of the vapors coming through the pipe C
from the boiler B 1is effected by the higher
pressure of live steam entering at (x, as here-
inafter described. o .
In order that the import of my invention
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may be most thoroughly understood, 1t is

necessary to explain in detail the difference
between saturated and superheated vapor
and their respective properties. When
steam or any vapor 1s confined in a vessel to-
cether with the liquid from which 1t has ema-
nated, 1t 1s-said to-be 1n a saturated condi-
tion for the temperature and pressure under
which it then exists. In other words, for
any given temperature saturated steam has
a certain definite pressure, a given volume

has a certain definite weight, and a given

volume or its corresponding weight of satu-
rated steam contains acertain definite amount
of total internal heat, which 1s
pressed in heat units over and above the ab-
solute zero-point. These qualities and quan-
tities which define the nature of saturated
steam have been carefully studied, and the
results are contained in tables which are uni-
versally known and recognized. Saturated
steam can also exist separated from the lig-
uid from which 1t has emanated; but the
slightest change of pressure or temperature

. changes 1ts condition by either causing con-

| densation of some of the steam into liquid
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(the balance of the steam remaining satu-
rated) or by causing superheating of the
steam. The steam is superheated when 1t
contains more internal heat (in a given vol-
ume or weight) than that which corresponds

to its pressure and temperature at the time,

as shown by such steam-tables. Saturated
steam is converted into superheated steam
by the addition of heat. Superheated steam
is also produced when two given amounts

 (say by weight) of saturated steam of differ-
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ent temperature and pressure are mixed to-
gether, for by referring to the steam-tables 1t
can be readily shown that the total internal
heat of both constituents of the mixture 1s
oreater than the internal heat of the mixed
steam would be in a saturated condition,
wherefore superheating would take place 1n
pipe F unless liquid were injected thereinto.
The reason for removing the superheating ot
the steam before it is used for heating pur-
poses is to be found in the difference of the
capacity for transferring heat between satu-
rated and superheated steam.
superheated steam-—the latter being 1n the
nature of a permanent gas—is conveyed
through metal pipes or partitions at a much
smaller rate than {rom saturated steam of
equal temperature. Hence while in the ap-
paratus described the heating -surface re-
quired of the heating-coil within the boiler
would have to be impracticdlly great if su-
perheated steam circulated through them, 1t
1s permitted to be much smaller and within
practical limits if the steam is saturated be-
fore it enters the coil, thereby saving much
material in constructing and time in operat-
ing the apparatus for a given capacity and
rendering it practically operative withal.
Superheated steam is also produced when
saturated steam is subjected to compression,
for the work thereby done upon the steam 1s
converted into heat, which amounts to more
than the -interior heat of the compressed
steam would be if only in a saturated condi-
tion. Hence the steam 1is superheated by
compression. In the manner just stated
superheating would be produced in the appa-

ratus illustrated in Figs. 2.3, and 4, to be de-

scribed afterward, if it were not prevented
by a water-spray or cylinder water-jacket.
By the term “superheated steam,” as used
in this specification I refer more particu-
larly to steamn which at a given tempera-
ture and pressure contains for every pound
of steam at least ten B. T. U. more heat
than the same amount of steam would contain

at the same given temperature and pressure it

it were just saturated. Thisdegree ot super-
heating is produced, for instance, if saturated
steam at the boiling-point of water and at
the pressure of an atmosphere—. e., about

14.7 pounds gage-pressure—is compressed to

about 16.7 pounds gage—i. e., about two

65 pounds higher—whereby it would acquire a .

The heat of

- 849,579

temperature of about 218° Fahrenheit and
contain-in eacn pound of steam about ten

"B. T. U. more heat than the same amount

of saturated steam contains at that tem-
perature and pressure, for the work of com-
pression converted into heat furnishes this
amount of heat over and above that which
is ‘contained in saturated steam of the tem-
perature of 218° Fahrenheit and at a gage-

pressure of about 16.7 pounds per-square
inch. - |
Returning to Fig. 1; a steam-jacket f sur-

rounds a portion of the still A containing the

liquid to be evaporated, which jacket 1s sup-
nlied by steam through the pipe n and valve
m; but in its place any other means for heat-
ing the contents of the still may be employed
to add the desired heat to the liquid and to
initiate the boiling conditions. An injector
G or an equivalent device 1s employed to
withdraw the vapors from the steam-space B

of the still and force the vapors thus with-

drawn into I and D by means of the injec-
tion of steam of a higher pressure than that
prevailing in B. The steam enters the in-
jector through the pipe O and valve ¢. The
superheating incidental to the mixing of the
steam of a higher pressure entering through
the pipe O with the steam of a lower pressure
entering from the space B is removed by dis-
tilled water drawn in by the injector through
the pipe K. The steam entering through the
pipe O 1s of practically the same pressure as

that in the stéam-jacket 7, as both are drawn’

from the same source—viz.,from an ordinary
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steam - boiler, for instance. Accordingly,

both the steam in pipe O as well as in the
jacket f must be of a higher pressure and
temperature than the steam coming through
the pipe C, for the generation of the latter
steam 1s due to the higher pressure and tem-
perature of the stéam in the steam-jacket f.
The vapor in the pipe I, thus saturated and
possessing a higher pressure and also a
higher temperature than that obtaming
within the still or evaporator <A, passes
through the coil D, where it is condensed,
and at the same time its latent heat 1s trans-
ferred to the liquid 1 the still A, the con-
densed liquid passing off through the counter
cooling device K and entering the vessel S.
I also provide a faucet g, which serves for the
withdrawal of the concentrated liquid or
residuary matter from the bottom of the
still or evaporating vessel A. H is a pres-
sure-gage showing the pressure in I, and I'is

11¢Q
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a water and pressure gage showing the pres--

sure and the level of the water in the still A.
The valve ¢/, Fig. 1, carries off the water of
condensation in . For operating and regu-
lating this device the safety-valve on the

vessel S is to be adjusted to a pressure about
five pounds higher than that shown by gage
I, and valves ¢ and m and hquid mmfow
through K and L must be so regulated that

125
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the pressure on gage H is a little higher than | boiling liquid are withdrawn or taken in

that on vessel S.

The device illustrated i Fig. 2 shows dii-

ferent means for carrying out my process.
In this device I substitute a fan b for the in-

jector. The suction end of the fan with-
draws the vapors from the still or evaporator
A’ and compresses them on the pressure side
of the fan. The degree of compression
which the vapor is subjected to on the pres-
sure side of the fan when forced or com-

pressed into the coil D’ is regulated by the

safety-valve on top of the vessel &', which
also determines the pressure i the coil 1.

‘The syperheating of the vapor incidental to
-the compression is removed within the fan

by means of liquid, which enters in the form

~of a spray through the.pipes M’ M’ M" M/,

which are supplied through the pipe K.
The vapor coming from the still A’, bemg

~ thus saturated and possessing a higher de-

oree of pressure and also a higher degree of

- temperature than that which exists in the

still A’, passes now through the pipe D/,

where it 1s deprived of its latent heat and.

condensed into liquid. The wvapor con-

‘densed in D', or rather the liquid formed

"“thereby, is forced upward through a vertical

30

portion of the pipe D’ before it enters the
counter cooling device E’, the rising of the
liquid upward being effected through the
pressure In the pipe f)", caused by the opera-
tion of the fan 6. The hiquid to be evapo-

 rated enters through the pipe 1/, and after
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" burner, as shown at P’; but any suitable
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the same has become heated in the counter
cooling apparatus it passes into the still A’ 1n
the form.of a fine spray through the holes O
O, the liquid spray trickling over the pipe

D’.. The pipe D’ being hot, the liquid 1s par-

tially converted into vapor, and the residue
arrives at the bottom of the evaporator in a
concentrated condition ready to be drawn
off through the faucet ¢’. This device 1s es-
pecially adapted for the continuous evapo-
ration of hiquids.. The fan 1s operated by the

pulley N’, the other dappendages, such as

gages I’ and H' and the vessel &', having the
same function as shownin Fig. 1. InFig. 2,
instead of heating the liquid to be evapo-
rated by the steam-jacket I provide a

heating device may be used. As appears
from the foregoing, in operating this. device
the revolution of the fan b and the inflow of

“water through K’ and I/ must be so regu-

lated that the pressure shown by gage H’ is
a little higher than the pressure to which the
safety-valve &' is adjusted, the latter to be
about five pounds higher than the pressure
shown by the gage I. ' "

In the device designed for carrying out my

improved process as shown in Kig. 3 a pis-

ton-pump or compressor T is used to ma-
nipulate the vapors coming from the still or
evaporator A”.- The vaporsissuing from the

| from the steam-space B’/ by the
| which is operated by a crank y through the

ject of the operation.

pump

valve z and then forced into the pipe D’
through the valve z.  While the vapors are
being compressed in the compressor they be-
come superheated. This superheating is re-
moved by the cooling of the pump-cylinder
with cold water admitted through the valve
V and circulating through the water-jacket
R R and out through the valve a; but the
saturation of the superheated steam is pret-
erably effected by means of sprays of liquid
M’ ‘admitted into the pump-cylinder by
means of the valve W, the jacket being an
auxiliary cooling device. In order that the
distillate may not be contaminated by
liquid injected into the compressed vapors to

remove their superheating, such liquid 1s

drawn from the distillate already condensed

T,

the
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if the distillate is the object of the operation

and from the original hquid if the concen-
trated liquid or residue in the boiler is the ob-

which enters the pipe D’/ has a pressure and
temperature higher than that obtaining 1n
thestillA’”’. The degree of compressionwhich

the vapor is subjected to in the pump or com-

pressor T while being forced or compressed
into the coil D’/ is regulated by the valve Z,

which is so adjusted that the pressure will be

about five pounds per square inch (more or

The saturated vapor

QO
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less) higher in the pump or compressor 'than

in the boiler B””. I do not confine myself to
any definite pressure in adjusting the valve
7, as this may be varied; but for the practi-
cal proportioning of the different parts of the
apparatus I prefer that the steam be com-
pressed by the compressor 'I' to a pressure at
least five pounds higher than the pressure in

the still B.

in the still or boiler B at 212° Fahrenheit
under atmospheric pressure of 14.7 pounds
cage-pressure per square inch, the -com-
pressed steam will have a pressure of about
twenty pounds per square inch, a tempera-

‘ture of about 227°, and its superheating will

amount to about two thousand five hundred
British thermal units over and. above the
heat contained in one hundred pounds of
saturated steam at the last-mentioned pres-
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In that case, assuming, for in- =
stance, that water is being distilled or boiled

110
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sure and temperature. The valve U”/, which

| regulates the outflow of the liquid condensed

in D”’, should be adjusted to the -same pres-
sure as Z, or nearly so. The -amount of

12C

liquid required to be in] ected in order to re- -

move thée superheating 1s determined chiefly

by the degree of compression of the vapor in

each case and can be readily calculated, al-
lowing for the conduction by the pump-cyl-
inder in very close cases. lylowever,‘ an ex-
cess in the amount of liquid injected does no
particular harm.  If the valve Z is adjusted

to a pressure about five pounds per square

[25
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inch higher than the pressure in B/, about 2.5 '_Withdra;wn by an outlet similar to that 53

pounds of hiquid must be injected into the
compressor T during compression of one hun-
dred pounds of vapor.
for the withdrawal of the concentrated hiquid
or other residuary matter from the still A",
and the gage H’/ and I’ serve the same pur-

poses as the corresponding attachments in
Figs. 1 and 2. 1In this apparatus 1 also pro-

vide means to perform the initial heating of
the liquid in the still A”’. These means are
indicated by the burner P’’; but any other

source of heat, as a steam-jacket, &c., may

be employed. The hquid to be evaporated

or distilled is supplied to the still or boiler A"

either as is shown in Fig. 1 or as 1t is shown
in Fig. 2, and the speed of the pump, the
water inflow and outflow valve U’/ are regu-
lated ‘the same way as in the devicesalready
described. - -
The device 1llustrated in Fig. 4 shows the

~ application of my invention to cases in which
- spent steam of a certain pressure 1s to be
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used for heating purposes in cases where 1t 1s
to be brought to a higher temperature or
pressure, or both, in order to force it through
the coils and other conduits. Accordingly,

referring to Fig. 4, the steam which 1s gener-

ated 1n the boiler B® by means of the steam-
jacket 7® is taken i by the pump or com-
pressor T® and then eompressed by the down-
ocing piston which closes valve X3, the valve
/2 remaining closed untit the compression
has reached the required degree—say five
pounds to the square inch higher than the

pressure obtaining in the beiler B?, more or

less, as I do not confine myself to any definite
pressure. While being compressed the sat-
urated steam confined in the body of the
pump or compressor would become super-
heated, as explained above; but this 1s pre-
vented by injeeting a liquid mmto the pump-
cylinder through the holes M® by means of
the pipe K?, as described above. When the
pressure of the compressed and saturated
steam in the body of the pump or compressor
T3 exceeds the pressure indicated by the

valve 7Z, it s forced through the pipe F,in

- condensing in the steam-jacket f° may be |

which it condenses, giving off the latent heat
of evaporation while warming the chamber
C? in which the coil F® is placed. The eon-
densed water forming in the eoil F° 1s re-
moved through the valve V3. The water

The valve g’/ serves |

shown by the letter ¢’ in Fig. 1. The other
appendages have the same function as shown
in Fig. 1, and the operation of the still or
boiler B? and the management of its append-
ages is performed in the manner already de-
sceribed. -

What I claim as my invention, and desire
to seeure by Letters Patent, 15—

1. In the process for distilling, concentrat-
ing, evaporating and heating liquids, the
withdrawal of the vapors formed, inicreasing
their temperature and pressure, saturating
them and passing them through the distilling
liquid, substantially as set forth.

2. The process of distilling, concentrating
and evaporating liquids consisting in heating
the liquid to a boiling-point, withdrawing the
vapor from said liquid and compressing the
same, saturating the compressed vapor and
transferring the saturated compressed vapor
through a conduit located within the evap-
orating liquid to a withdrawal-chamber, sub-
stantially as set forth. |

3. The process of distilling, concentrating
and evaporating a liquid, consisting 1n apply-
ing heat theretoto bring it to a boiling-point,
then withdrawing the vapor by mechanical
means and compressing the same and intro-
ducing liquid in the compressed vapor there-
by saturating the same, raising its tempera-
ture and pressure above that of the boiling
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liquid, then by conduction transferring sub-

stantially the entire latent heat of evapora-
tion to the liquid to be distilled, substantially
as set forth. a -

4. The process of distilling, evaporating
and concentrating liquids, consisting in heat-

Qo

ing the hqud to a boiling-point, withdraw-

ing the vapor by mechanical means and com-
pressing the vapor and saturating the same
by introducing liquid in the form of a spray
and by conduction transferring the entire

latent heat of the compressed vapor to the

liquid to be evaporated and withdrawing the
condensed vapors, substantially as set forth.
In testimony whereof I have signed my

name to this specification in the presence of

two witnesses.
' JOHN E. SIEBEL.

Witnesses:
CAROLINE SIEWERTSEN,
Puamure F. KELLER.
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