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APPARATUS FOR PURIFYING LIQUIDS

Apptication filed April 30, 1820. Serlal No. 359,302.

This invention relates to an apparatus for
purifying liquids, and more particularly to
an apparatus for rendering non-aqueous lig-
uids such as mineral hydrocarbon oils anhy-
drous, free from dissolved gases, volatiles and
volatile hydrocarbons which result from oxi-
dation of the oil when in use. .

1t also relates to the breaking up of emul-
sions and to the removal of true water of
solution. :

Although in this specification only the
purification of mineral hydrocarbon oils is
described in detail, it is to be understood that
the apparatus embodying our invention is ap-
plicable to the purification of any non-aque-
ous liquid. In the purification of mineral
hydrocarbon oils our invention is applicable
both to the preparation of new oils and to the
conditioning of oils after use, for example, in
oil submerged electrical apparatus.

. Mineral hydrocarbon oils are refined for
and find a wide application as an insulating
medium in oil submerged electrical apparatus
because of the dielectric strength characteris-
tics of the oil. The oils are used both as a
cooling and insulating medium in transform-
ers, voltage regulators and as an insulating
medium in cable joints and the like. When
hydrocarbon oils are used for these purposes,
they are subjected to oxidation reactions re-
sulting from the combined action of heat ab-

‘sorbed from the electrical apparatus, and the

oxygen in the atmosphere which has ready
access to the oil. Complex hydrocarbons are
chemically altered by such oxidation reac-

“ tions resulting in the formation of organic

50

acids, volatile hydrocarbons, soap and depos-
its termed “sludge”. When hydrocarbon
mineral oils are used in electrical apparatus
such as circuit breakers, the arcing action
which takes place results in decomposition of
the complex hydrocarbons forming elemental
carbon, hydrogen, carbon monoxide, carbon
dioxide, methane, and hydrocarbon vapors,
all of which reduce the dielectric strength of
the insulating medium. Concurrently with
the' decomposition of a portion of the oil,
water may be formed due to the combination
of hydrogen evolved in the zone of the arc
with oxygen dissolved in the oil. These

traces of water may be in true solution in the
oil and together with the evolved carbon par-
ticles of colloidal size contribute to the de-

terioration of the insulating value of the oil.

Heretofore it has been attempted to remove
water and suspensions by gravity, by cen-
trifugal force, and by filtering. . These proc-
esses, however, have been only partially suc-
cessful because they failed to remove water
of true solution, volatile hydrocarbons and
dissolved gases such as oxygen. :

In accordance with the present invention
we spray the liquid to be purified into a vac-
uum. The liquid introduced into the vacuum
chamber is preferably under a pressure of
from 50 to 150 pounds per square inch, and
the vacuum within the vacuum chamber is

“maintained at as low a pressure. as is prac-

ticable. We prefer to maintain the vacuum
in the vacuum chamber at a pressure of less
than one-half pound per square inch. When
the liquid under pressure 1s infroduced into
the vacuum chamber the dissolved water and
gases are subjected to a sudden pressure drop
or shock which causes the water and gases to

escape from the liquid. The liquid after hav--

ing water and gases removed therefrom is

pumped through suitable filters and delivered.

to a storage tank. : ~
In the accompanying drawings which
illustrate the present preferred embodiment
of the invention, :
Figure 1 shows in
the arrangement of the purifying apparatus,

Figure 2 is a vertical section of the vacuum
tank,
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a diagrammatic manner

Figure 3 is a plan view of one of the baffles

for collecting and deflecting the liquid,

Figure 4 is an elevation of the baffle shown
in Fig. 3, and : :

Figure 5 is a detail of the spray nozzle.

Referring to the drawings, there is shown
a vacuum tank 2 connected by a pipe 3 to a
vacuum pump 4 which maintains the vacuum
chamber under reduced pressure. The tank
2 has a nozzle 5 arranged in its bottom for
spraying the liquid which is to be purified.
The liquid is heated in a heater 6 and is sup-
plied to the nozzle 5 through a pipe 7 and a

pressure pump 8. 'Fhe pressure pump raises

108



ie

26

50

&0

G5

Ge

G5

> segments of the next lower baffie.

=

the pressure of the liquid supplied to the
nozzle so that as the liquid is sprayed into
the vacuum tank it is subjected to 2 sudden
shock which releases dissolved gases and
water therefrom. The nozzle 5 36 formed
with a series of concentric openings 9 which
spray the liquid upwardly in the vacuum tank
in & series of concentric cones, The spray is
guided in its travel upwardly through the
vacuum tank by a conical baffe 10 having its
apex 11 extending downwardly snd sur-
rounding the nozzle. A series of conical baf-
fles 14 are arranged in the tank above the
baffle 10. These bafies are shown in detail
in Figs. 8 and 4. They are formed from 2
circular piece of metal which is slit to form
segments 15. Fach of these segments is then
bent into = trough shepe as indicated in Fig,
4. After the segments have been bent to form
the troughs, the bafife consists of trough-like
segments 15 separated by spaces 18. As
shown, three of these conical baffies are ap-
ranged one above the other in the vacnum
tank, They are arranged so that the seg-
ments of the middle baffe are in alinement
with the spaces 16 befween the segments of
the upper and lower bafies, The liquid
sprayed from the nozzle 5 impinges upon the
series of baffies 14.

BDue to the arrangement of the baffles as
described, a tortuous path is formed between
the segments of adjacent bafiles. The liquid
impinges upon the segments of the baffiag
and drops down inte and is collected by the
The liguid
flows in the downwardly and outwardly ex-
tending troughs and is collected by annular
bafiles 17 secured to the inside of the vacuum
tank. Other baffles 18 connected to the coni-
cal batlle 10 cooperate with the baffies 17 to
cause the liquid to follow the tortuous path
indicated by the arrows in Fig. 2, after which
the liquid flows to the bottom of the tank.
The bottom 19 of the tanlk stopes downwardly
80 &s to cause the liquid to collect and be de-
livered to the pipe 20 by means of an exhaust
pump 20,

Asthe Hquid sprayed from the nozzle 5 im-
pinges against the baffes 14 and is collected
thereby as above described, the gases and
moisture removed from the liquid by the vac-
uum flow out of the top of the tank through
the pipe 8 and vacuum pump 4 and are ex-
hausted through g pipe 21¢.

Lhe provision of the cone 10 prevents the
formation of eddy currents within the vac.
uum tank 2. If the cone were not present,
eddy currents might be formed which would
cause the spray from the nozzle 5 to be car-

.ried to the outlet of.’che vacuum tank without

the liquid first impinging against the baffles
14 and being delivered therefrom to the baffies
17 and 18.  The liquid would not be forced
to follow a tortuous path between the baffles
17 end 18, and would not be subjected to the
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action of the vacuum in order to remove the
moisture and gases from the liquid. The
cone 10 also provides a convenient means for
fastening the baffles 18 thereto,

The purified liquid from which the mois-
ture and gases have been removed flows from
the vacuum tank through the pump 20" and
pipe 20 to one of the filters 21, The filters
remove any suspended particles which may
have been present in the liquid. Inthe draw-
ings two filters 21 are shown and the system
is provided with valves 22 so that one of the
filkers may be used while the other is being
cleaned. The filtered material flows through
a pipe 23 to a storage tank 24. .

We have found that by raising the pressure
of the liquid before it enters the vacuum
tank, and then introducing it into the tank
which is maintained at g very low pressure,
we accomplish the removal of water and gases
more efficiently than if the liquid were intro-
duced into the vacuum wunder atmospheric

pressure. We find that the sudden drop in
pressure gives a jarring or cracking action

to the liquid which causes
solved gases to be expelled therefrom. The
apparatus hereinabove described causes the
liquid sprayed from the nozzle 5 after having
impinged against the conical baffies 14 to fol-
oW 2 tortuous
uum tank. In this manner the liquid is sub-
jected to the action of the vacuum for a rela-
tively long time, so that the dissolved gases
and water have an opportunity to escane

irom the oil. The apparatus causes the effi- -

cient removal of moisture and gases from
oils 50 as to increase their dielectric proper-
ties. The apparatus is of simple construction
inyolving the use of no revolving parts.

We have found that oil purified 1n accord-
ance with our invention has certain desirable
properties which are not, present in oil pro-
duced by other methods, For example, we
have found that oil treated in accordance
with our process, after
%o stand in contact with the atmosphere, hag
an increased insulating value. It would or-
dinarily be expected that if ol were allowed
to stand in contact with the atmosphere, par
ticularly moist atmosphere,

found further that an oil treated in the above
described apparatus has g greater insulating
value after having stood in contact with the
atmosphere,
than it had when it was first delivered from
the purifying apparatus. A sample of o]l
was tested soon after it had come from the
apparatus. This sample was found to have
an insulating value of 35 kilovolts measured
at the standard one-tenth inch gap using
parallel electrodes one inch in diameter. The
oil was allowed to stand in contact with the
atmosphere for about three weeks and a sec-
ond sample was tested under the same con-

the water and dis.

path before it leaves the vao- ‘,_~

having been allowed -

the insulating 1
value of the 0il would be decreased. We hava

even if the atmosphere is moist, ;
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ditions. The second sample gave an'insulat.-
ing value of considerably over 40 kilovolts.
e exact theory which causes oil puri-

crease in insulating value has not yet been
definitely determined. We believe, however,
that it is due to the fact that in our purifica-
tion process certain impurities in the oil
which tend to absorb water from the atmos-

here are substantially entirely removed

rom the oil. After oil has been so purified
it will not absorb moisture from the atmos-
phere so as to decrease in insulating value,
but will, on the contrary, actually increase in
insulating value upon exposure to the atmos-

here. The reason for the increase in insulat-
ing value may be accounted for by the oil ab-
sorbing certain gases without, however, ab-
sorbing moisture. Whether or not our theo-
ries are correct, we have found that there is
an actual increase in the insulating value of
oil purified in accordance with our inven-
tion, and we do not limit ourselves to the
theories which we have advanced to account
for the increase in insulating value of the oil.

‘We have illustrated and described the pres-
ent preferred embodiment of our apparatus
and have described the present preferred
manner of practicing the process. Changes
in the pressures employed and in the details
of carrying out the process may be made
within the scope of the following claims.

We claim :—

1. In an apparatus for purifying liquids,
a tank, means for creating a partial vacuum
therein, means for supplying liquid under
pressure to the tank, means for atomizing
the liquid supplied to the tank, a conical
baffle extending upwardly from said atomiz-
ing means and defining a liquid expanding
chamber, and baffles disposed transversely of
the tank for collecting and deflecting the
liquid toward the sides of the tank, and other
baffles for providing a circuitous path for
the flow of liguid collected by said second
mentioned baffles toward the bottom of the
tank through a liquid collecting chamber de-
fined by said conical baffle and the wall of
said tank.

2. In an apparatus for purifying liquids,
a tank, means for creating a partial vacuum
therein, means for supplying liquid -under
pressure to the tank, atomizing means for
the liquid supplied to the tank, a conical ex-

pansion chamber for the atomized liquid, a

series of baflles for collecting and deflecting
the atomized liquid toward the sides of the
tank, the baffles being of general cone shape
and having their sides sloping downwardlvy
and outwardly, said eonical expansion cham-
ber and the side wall of the tank defining a

chamber for providing a path for the col--

lected liquid different from that of the

- sprayed liquid.

3. In an apparatus for purifying liquids,

3

a tank, means for creating a partial vacuum
therein, means for supplying liquid to the
tank under pressure, a nozzle for atomizing

the liquid supplied to the tank, an expansion .

chamber surrounding said nozzle, a series of
baffles arranged to collect and deflect the
liquid toward the sides of the tank, the baffles
being of general cone shape having their
sides divided into segments of trough shape,
said expansion chamber defining, with said

side Wall?f a path for outflow of collected -

liquid di
liquid.

4. In an apparatus for purifying liquids,
a tank, means for creating a partial vacuum
therein, means for supplying liquid to the

erent from that of the sprayed
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tank under pressure, an atomizing spray for '

the liquid supplied to the tank, an atomizin,
chamber surrounding said spray, a series o:
baffles arranged one above the other to col-
lect and deflect the liquid sprayed from the
nozzle through said atomizing chamber, the
baffles being of general cone shape, having
their sides divided into spaced segments of
trough shape, the segments of one baffle being
aligned with the spaces of adjacent baffles to
form a circuitous path for the gases released
from the sprayed liquid, said atomizing
chamber and the wall of said tank defining
a path for the outflow of collected liquid to-
ward the bottom of the tank different from
that of the sprayed liquid. ‘

5. In apparatus for purifying liquids,
a tank, means for maintaining a sub-atmos-
pheric pressure therein, a spray nozzle ad-
jacent the bottom of the tank, means for
raising the pressure of the liquid supplied to
the nozzle, a cone shaped baffle having its
apex extendin% downwardly and surround-
ing the nozzle for guiding the spray upward-
li in the tank, and a series of baflles having
their apices extending upwardly arranged
one above the other in tﬁe tank above the
nozzle, the last mentioned baflles being of gen-

eral cone shape having their sides divided

into spaced segments of trough shape, the

segments of one baffle being alined with the

spaces of adjacent baffles. .

6. In apparatus for purifying liquids,
a tank, means for maintaining a sub-atmos-
pheric pressure therein, a spray nozzle ad-
jacent the bottom of the tank, means for
raising the pressure of the liquid supplied to
the nozzle, a cone shaped baffle having its
apex extending downwardly and surround-

ing the nozzle for controlling the spray up-

wardly in the tank, and a series of baffles hav-
ing their apices extending upwardly ar-
ranged one above the other in the tank above
the nozzle, the last mentioned baffles being of
general cone shape having their sides divided
into spaced segments of trough shape, the
segments of one baffle being alined with the
spaces of adjacent baffles, and other bafiles on
the inside of the tank for receiving the liquid
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<

from said series of baffles and causing it to
folllci)w a tortuous path downwardly in the.
tank.

7. Apparatus for purifying oil, comprising
a tank, means for creating a partial vacuum
therein, means for spraying oil upwardly
into the tank under pressure, an expansion
chamber for confining said sprayed oil,
baffles disposed transversely of the tank for
collecting and deflecting the oil toward the
sides of the tank, said expansion chamber de.
fining, with the wall of said tank a path for
the outflow of collected oil separate from that
of the inflowing sprayed oil, and other baffles
in said path for causing the circuitous flow of
thﬁk collected oil toward the bottom of the
tank.

In testimony whereof we have hereunto
set our hands. ‘

CLARENCE J. RODMAN.
RUSSELL P. DUNMIRE.
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