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METHOD AND APPARATUS FOR PUMPING VOL-
ATILE LIQUIDS AND RECOVERING VAPORS
IN CONNECTION WITH THE PUMPING OP-
ERATION

Isaac H. Levin and Herman A. Lorenz, Belleville, IM,,
assignors to Independent Engineering Company, Inc.,
C’Fallog, IiL, a corporation of Ilineis

Application August 14, 1953, Serial No. 374,285
19 Claims. (CL 62—122)

The present invention relates to an apparatus and a
method . useful in connection with pumping volatile
liquids, and particularly highly volatile liquids. Repre-
sentative liquids are air and its components, and particu-
larly liquid oxygen, although it will be understood that
other such liquids can be handled to advantage by the
invention. )

In pumping liquid oxygen, and especially delivering
liquid oxygen to storage vessels by means of a liquid
pump, there is always the- problem of vaporization of
some of the liquid, which vaporization occurs in the
process of pumping, or in the other steps of handlirig the
liquids that are associated with the pumping operation.

Heretofore the approaches to solution of this problem
have taken the form of extensive sub-cooling of the
oxygen, but this is relatively expensive because it neces-
sitates sub-cooling of at least a major part of the liguid
being treated, whereas only a small part actually vaporizes.
Another approach to the problem has been to return
vapors arising at the pumping operation back to the rectifi-
cation column; but this is. very unsatisfactory because it
upsets the normal operation of the column and raises the
oxygen content of the nitrogen, thus reducing the yield
of the oxygen.

in the present system, the foregoing disadvantages are
avoided. In very general language, the invention consists
of confining vapors that may be formed during the pump-
ing operation in a container separate from the rectification
columa and recondensing them by heat transfér with a
source of cold;, and particularly with a source of cold
that is derived from the column itself.

Additional cbjects of the invention include preventing
or minimizing the loss of yield of oXygen occurring in
present conventional methods of drawing liquid oxygen
from a rectification column by means of a liquid pump,
which loss occurs through vaporization of the oxygen in
the pumping operation. Another object is to reduce the
amount of refrigeration required for a given yield of oxy-
gen by eliminating the losses previously mentioned and
by minimizing the amount of energy required to overcome
such losses. Another object is to maintain the high purity
of the oxygen by maintaining the high yields mentioned.

Other objects will appear from the description to follow.

In the drawings:

Figure 1 is a schematic diagram of the inverntion asso-
ciated with a rectification column;

Figure 2 is a view of a modification of parts of the
invention, wherein an oxygen component is used as a
refrigerant; and

Figure 3 is a modification of parts of the invention,
wherein recondensed vapors are returned to the column,

Referring to Figure 1, the rectification column 19 is
shown as piped to a container 11 in which a pump 12 is
located. " Another container 13 is associated” with the
container 11 and is provided with a heat transfer unit 14,
This latier unit, as will appear, is supplied with a cold
refrigerant.  While the containers 11 and 13 are illus-
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trated as separated by a divider, it is to be understood
that the division is not essential. Consequently the teym
“container means” js used to include both the so-called
“containers” 11 and 13, whether they be separate or
undivided.

The rectification column 16 is illustrated only suffi-
ciently to demonstrate the application of the present inven-
tion. 1t is shown as supplied with air from a heat ex-
changer by way of a pipe 2@, passing through a valve
21, and entering the lower end of the column.: A mixture
of oxygen and nitrogen is delivered from the lower part
of the column by way of a pipe 22 through an expansion
valve 23, to the upper part of the column. Liquid nitrogen
is delivered from the lower part of the column by a pipe
25 passing through an expansion valve 26 into the upper
part of the column, Liquid oxygen accumulates in the
bottom of the upper part of the column as a result of the
rectification process, as is known in the art. A liquid
level indicator 27 indicates the amount of liquid oxygen
in the column. This liquid. oxygen may be drawn off by
way of a pipe 3@ controlled by a valve 31.

Vapor nitrogen can be drawn off the top of the column
by way of a pipe 36 that leads to the heat transfer unit
14, and thence by way of a pipe 37 to a heat exchange
unit of the system. ‘

As noted, the pipe 3@ opens into the bottom of the
container 11, and a liquid level of liquid oxygen, as indi-
cated by a liquid level gauge 485, is provided so that the
pump 12 is immersed therein. The pump may be one of
the types employed for the pumping of liquid oxygen or
cther volatile liguids. A particularly appropriate pump
is that shown in United States Letters Patent No. 2,630,757,
issued March 10, 1953, in the name of L. R. Cartier.
Such a pump has a pump motor 59 driving a piston rod
51 that has a piston 52 in a cylinder 53. 'This pump has
an inlet passage 54 contrelled by a check valve 35, and

it has an outlet 56 controlled by a check valve 57. The

outlet 56, as shown diagrammatically, leads off to a suit-
able discharge point such as a heat exchanger or storage
cylinder.

A loader cup 66 is provided, it having a check valve 61.
This loader cup is connected by connecting rod 62 to a
crosshead 63 attached to the piston Tod 51.- The operation
of this pump is described fully in the other application.
Suffice it to say that the cup 60 is charged on the com-
pression stroke of the pump. - On such compression stroke
the liquid in the cylinder is driven out the discharge line
past. the valve 57. Then, on the suction stroke of the
piston 52, the loader cup 6% loads the pressure cylinder
under pressure to prevent flashing.

In spite of all precautions, there is a certain amount of
vaporization in the pumping of liquid oxygen, owing to
the generation of heat in the pumps themselves and to-
the pressure reductions that normally take place in the
pumps. In the present invention, such vapors rise throngh
the liquid and, being warm, pass upwardly into the con-
tainer 3. When they reach the upper part of this con-
tainer, they come in contact with the heat transfer unit
14. This heat transfer vnit is kept cold, as will appear,
so that the liguid oxygen striking ‘the heat transfer unit
while in vapor form is recondensed and falls down, so
that it may join with the body of liquid oxygen in the
container ‘11, or may be. separately collected in the
contajner 13.

The cooling medium in the heat transfer unit 14 may
be a gas such as the nitrogen that leaves the upper. part
of the column by way of the pipe 36.

- A pressure gauge 65 is employed to indicate pressure
within. the tank 13, and. an oxygen ‘indicator 66 -is em-
ployed to indicate the oxygen content in the nitrogen
leaving the top of the column 1§. . Preferably, this lat-
ter 'is a continuous automatic analyzer.
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A description of the use and operation of the inven-
tion need involve only certain phases of the rectification.
It also must be mentioned that the invention is not lim-
ited to use with the rectification column. However, it
has particular application thereto because of the avail-
ability in the column of a colder medium than that being
pumped. This is notably true in the case of the separa-
tion of oxygen as a liguid from the air by means of the
rectification column, since there vapor nitrogen at a
temperature below the boiling point of oxygen is avail-
able, as also is the nitrogen-oxygen mixture that also is
colder than the boiling point of pure oxygen.

When liquid of volatile character is being pumped, and,
because of the generation of heat or reduction of pres-
sure, is to some degree being vaporized, such vapors
are trapped within the container system that includes. the
pump and the heat exchanger 14. In the preferred con-
struction, these vapors are passed from the immediate
chamber 11 into the chamber 13, where they may be to
some degree separately identified and handled particu-
larly after -their reccndensation.

When these vapors rise, owing to being warmer, into
the upper part of the charaber 13 or tc wherever the
heat transfer unit 14 is disposed, they strike the cold
surfaces of the heat transfer unit and are thereby re-
condensed, so that they fall as a liquid to the bottom
of the container 13. Where it is desired, they may be
caused to move directly back into the liguid in the con-
tainer 11, or they may be conducted from the lower
part of the container 13 back into the liquid column, as
will later be described.

Figure 2 illustrates the use of a cold oxygen product
for the heat transfer unit 14. The pipe 221 conducts
a mixture rich in oxygen from the lower part of the
column 1€ to the expansion valve 231. Thence, instead
of ‘being conducted to the upper column directly, it is
transmitted by the pipe 232 to the heat transfer unit 14
within the container 13. From the unit 14, the oxygen
is conducted by the pipe 233 back to the upper part of
the column, for further treatment in conventional man-
ner. In this arrangement, the nitrogen outlet 361 leads
off the top of the column and also connects into the indi-
cator 661. Otherwise, the apparatus is like that of Fig-
ure 1 or 3. The operation is the same, except that the
-refrigerant for the unit 14 is the oxygen product.

Figure 3 illustrates a separate pump chamber 111 and
recondensing chamber 13%1. A pipe 132 leads from the
top of container 111 to the top of the inside of the con-
tainer 331 adjacent the unit 4. Vapors from the pump-
ing container 111 rise through the pipe 132, and become
condensed in container 131, falling to the bottom thercof,
whence they may flow back to the column 10 by gravity
through the pipe 64, preferably reentering the column at
the point indicated.

In this process and apparatus, there is thus the sep-
aration out of the vapors arising from the pump and a
recondensation before they are returned to the system.
Heretofore attempts have been made to return these
vapors from the pump to the column for treatment thers-
in, without recondensation outside the column. It has
been found, however, that this is a very unsatisfactory
procedure resulting in upsetiing the normal operation
of the column and raising the oxygen content of the nitro-
gen so that the yield of oxygen is correspondingly re-
duced.

The present invention is an improvement over sub-
cooling of the liquid being pumped. If the liquid to be
pumped is sub-cooled sufficiently to overcome all tenden-
cies at vaporization in the pumping operation, all of the
liquid being pumped must be so sub-cooled. With the
present . invention, the recondensation is limited to the
relatively small proportion of liquid that vaporizes in
the pumping operation. The amount of energy reguired
to recondense this relatively small portion of vaporized

-liguid is less than the amount of energy required to sub-
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cool the whole mass being pumped, so that the present
system is more enonomical. Mot only that, it has been
found that it is impractical or impossible to eliminate all
vaporization in the pumping operation by sub-cooling.
As a matter of fact, even with sub-cooling the present in-
vention can be valuable to recondense those vapors that
inescapably are formed in the pumping operation.

What is claimed is:

1. In an apparatus for pumping volatile liquids: a
pump for the liquid; a container means having a lower
portion to receive the volatile liquid to be pumped and
for surrounding and enclosing the pump, and having an
upper portion open to the lower portion, the upper por-
tion being adapted for receiving and confining vapors
of the liquid vaporized by the operation of the pump
and escaping upwardly during the pumping operation;
and a refrigerated heat transfer unit in the upper portion
of the container means to be contacted by the vapors so
that they are recondensed and descend as 2 liquid within
the container, and a rectification column for separating
the liquid that is to be pumped from ancther fluid product
of lower boiling point, including means to lower the tem-
perature of the fluid to below the boiling point of the
first-named liquid; and connections for conducting the
product of lower boiling point to the heat transfer unit

.to condense the vapors as stated.

2. The apparatus of claim 1, and means for conducting
the recondensed liquid back to the column.

3. A method of handling a volatile liquid from a recti-
fication column wherein the liquid is separated by re-
frigeration from another fiuid of lower boiling point,
comprising conducting the first liquid away from the col-
umn to a receptacle containing a pump; pumping the lig-
uid; vaporizing some of the liquid at the pump, separating
the vapors thus produced from the liquid in the re-
ceptacle, and confining the same; withdrawing a fluid
from the column at a temperature below the boiling
point of the vapors; providing heat transfer between such
fluid and the vapors thus separated while the vapors re-
main confined as aforesaid; and recondensing the con-
fined vapors.

4. The method of claim 3, wherein the liquid from
the recondensed vapors is returned to the column.

5. The method of claim 4, wherein the volatile liquid
is essentially oxygen and the other fluid from which it
is separated is essentially mitrogen, and the fluid for re-
condensing the oxygen vapors by heat transfer is a nitro-
gen-containing fluid from the column.

6. In a system for handling a liquid fraction of the
kind described, comprising: 2 rectification column for
producing a cold, volatile liquid and 2 colder fluid frac-
tion; a pipe from the column for conduciing the liquid
therefrom; a container means into which the pipe dis-
charges; a liquid pump in the container means tc apply
pressure to the liquid, and to vaporize some of the liquid
and release the vapor in the vapor-receiving portion of
the container means, the container means including a por-
tion to receive the vapor; a heat exchanger in the con-
tainer means, and connected to theé column to receive
the colder fraction from the column, the heat exchanger
being adapted to be in contact with the vapor from the
pump to recondense the same, but being separate from
the liquid in the container.

7. The combination of claim 6, with also a conduoctor
pipe connected between the column and the container
to return the liquid recondensed from the vapors, back
into the column.

8. The combination of claim 6, wherein the container
has two chambers with the pump iz one and ths heat
exchanger in the other, and a one-way connection be-
tween them to conduct the vapors from the pump cham-
ber to the recondensing chamber, and a liguid pipe lead-
ing from the recondensing chamber.

9. The combination of claim 8, wherein the last-
named pipe is connected back ‘into the column.
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10. In an apparatus for pumping volatile. liquids: a
liquid container means, a source of volatile liquid con-
nected to the liquid container means, the liquid container
being separate from the source and having a lower por-
tion for receiving from the source the liquid to be
pumped, and an upper portion to receive vaporized liquid
that rises from the lower portion; and to contain the
same separate from the source of volatile liquid; a pump
having its inlet within the lower portion of the liquid
container means, to withdraw. liquid therefrom and to
deliver it under pressure to a suitable pump outlet; a
source external to the liquid container of refrigerant
capable of liquefying vapor arising from the liquid, and
a refrigerated heat-transfer unit in the upper part of the
liquid container means connected to the source of re-
frigerant to receive refrigerant therefrom to recondense
vapors from the liquid.
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