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Horst William Lichtenberger and Paul E. Loveday,
Tonawanda, N.Y., assignors to Union Carbide Cor-
poration, a corporation of New York
Original No. 3,241,580, dated Mar. 22, 1966, Ser. No.
208,050, July 6, 1962. Application for reissue Aug. 3,
1967, Ser. No. 661,150
U.S. CL 141—5 8 Claims
Int, C1. B65b 31/00, 1/04; B67¢ 3/00

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue,

ABSTRACT OF THE DISCLOSURE

A vaporizable liquid, such as liquid nitrogen, is dis-
pensed on demand from a bank of storage zones by
arranging the zones in series with the first zone being
communicable with a dispensing outlet, and by transfer-
ring liquid from the bottom portion of each succeeding
zone to the top portion of each preceding zone such that
the first zone in the series is the first to substantially empty
and the last zone in the series is the last to substantially
empty.

This invention relates to a system for dispensing a
vaporizable liquid from a plurality of storage containers.

In the in-transit refrigeration of perishable goods in
insulated mobile containers using a vaporizable liquid
such as liquid nitrogen as the refrigerating means, it has
heretofore been difficult to conveniently and adequately
store a sufficient amount of refrigerant liquid to permit
long distance transportation of large quantities of goods.
It is an object of the present invention to provide a
vaporizable liquid dispensing system that permits using
a plurality of standard size liquid storage containers to
permit such long distance hauling of goods. Another
object is to provide a system that permits successively
filling and emptying a plurality of liquid storage con-
tainers such that the need for a manifold arrangement
is eliminated. A further object is to provide a vaporizable
liquid dispensing system that is simple and convenient
to operate. These and other objects and features will be
apparent from a consideration of the following descrip-
tion in conjunction with the accompanying drawing in
which:

FIGURES 1 and 2 are diagrammatic views of two em-
bodiments illustrating principles of the present invention.

The present invention comprises a system for dispens-
ing a vaporizable liquid such as liquid nitrogen wherein
a plurality of liquid storage containers are arranged and
interconnected in series relation such that the first con-
tainer in the series is filled and substantially emptied
before succeeding containers. This arrangement further
provides that each succeeding container in the series is
filled from and emptied through the preceding container.
The first container in the series contains the filling and
dispensing conduits for the system and the last container
in the series contains the vapor vent for the system. In
the invention, the bottom portion of each succeeding con-
tainer in the series communicates with the top portion
of the preceding container.

Vaporizable liquid is transferred into the first container
of the series from a source thereof and, on filling such
container, is then successively transferred through the
first container into each succeeding container. After com-
pletion of the filling of the last container in the series,
liquid transfer from the source is terminated. When de-
mand on the system is made for liquid, liquid is dispensed
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from the first container of the series, the succeeding con-
tainers remaining substantially filled. As the first con-
tainer is being emptied, liquid is transferred from the next
container in the series to the first container and dispensed
therefrom with the succeeding containers in the series
remaining substantially filled. Thus, each succeeding con-
tainer in the series is successively emptied through the
first container in the order that each one is filled.

To illustrate the sequence of lignid withdrawal from
the present system, four 210-liter containers were inter-
connected in series, each filled with 360 lbs. of liquid
nitrogen, and then emptied. After about 1%4 hours, the
first container in the series was substantially completely
emptied and the next (the second) container remained
greater than 50% filled. After about 2¥2 hours, both the
first and second containers were substantially completely
emptied and the third container was greater than 50%
filled. After about 3% hours, the first three containers
were substantially completely emptied and the last
(fourth) container in the series was greater than 50%
filled, Finally, after about 5 hours all four containers were
substantially completely emptied.

Referring specifically to the FIGURE 1 embodiment
of the present invention, two containers 10 and 12, are
shown interconnected in series relation in accordance
with the above description, container 10 being shown par-
tially filled as it might appear during filling thereof. The
first container 10 in the series is filled with a vaporizable
liquid, such as liquid nitrogen, through conduit 14 from
a liquid source (not shown) connected at 16, valve 18
controlling the flow of liquid thereinto. Any vapor evolved
during the filling of container 10 is vented from the top
portion of container 10 through conduit 20 into the bot-
tom portion of the succeeding container 12 of the series.
This vented vapor cools container 12 and is vented from
the top portion thereof through conduit 22 either to
another succeeding container or to the atmosphere if
container 12 is the last in the series. Valve 24 in conduit
22 is open to permit vapor venting during filling and then
closed on termination of the filling.

When container 10 is filled to a predetermined level
as determined by the position of the end of conduit 20
therein, liquid is transferred from the top portion of con-
tainer 10 through conduit 20 into the bottom portion of
the succeeding container 12 in the series. On filling con-
tainer 12, if such container is the last in the series, to a
predetermined level as determined by the position of the
end of conduit 22 therein, liquid transfer from the source
is terminated by closing wvalve 18. If desired, additional
venting means may be provided in the last container in
the series by a separate connection 26 containing valve
28. Each of the containers in the series is preferably
equipped with separate pressure relief devices such as
safety valves 30 and 32 and bursting disks 34 and 36,
which are set to maintain adequate pressure to allow dis-
pensing of liquid from the containers.

During periods of no withdrawal, the pressure of the
system will tend to reach the pressure of the lowest relief
valve setting, If this lowest pressure relief valve was
placed in the first container of the series, the succeeding
containers would tend to empty into that container and
dischange liquid through this relief valve. Therefore, this
lowest pressure relief valve must be placed in the last
container of the series to avoid wasteful discharge of the
product liquid.

To dispense liquid from the system, valve 38 in with-
drawal conduit 49 is opened and liquid flows from the
first container 10. As the liquid level and pressure within
container 10 are reduced, liquid will commence flowing
from the bottom portion of container 12 through conduit
20 into the top portion of the preceding container 10.
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In order to decrease the fluid pressure drop and thus
the time required to fill the system, conduit 14 may ter-
minate in the upper vapor space portion of the first con-
tainer 10, as shown in FIGURE 2 (item 114). Vapor
space liquid filling is usually preferred since the fluid
pressure drop is less and therefore the pressure of the
liquid source may be less to achieve filling. Whenever
vapor space filling is used, a separate withdrawal conduit
from the bottom of the first container is required as
shown in FIG. 2 at 140. FIGURE 2 also shows separate
conduits 142 and 144 connecting the top vapor space
portions of the succeeding containers in the series to
provide vapor space liquid filling of the succeeding con-
tainers to minimize fluid pressure drop.

Interconnecting the top portions of succeeding con-
tainers in the series as well as interconnecting the bot-
tom portion of each succeeding container with the top
portion of the preceding container provides a further ad-
vantage during the filling of the dispensing system shown
in FIGURE 2. As liquid is transferred into the top por-
tion of the first container 110 of the series from the liquid
source, an initial pressure surge will push vapor succes-
sively into each succeeding container through conduits
120 and 121 as well as through conduits 142 and 144
containing check valves 146 and 148. As the liquid
continues to fill the first container, the pressure decreases
therein due to condensation of vapor by the entering lig-
uid will draw the vented vapor back through conduits
120 and 121 into the first container. Thereafter, when
the liquid in the first container rises to the point where
it is transferred into the succeeding container 111 through
conduit 142, a similar initial pressure surge and subse-
quent vapor condensation occurrence will take place in
succeeding container 111, and so on down to the last
container 112 in the series. If necessary to achieve com-
plete filling, vapor may be relieved from the last contain-
er through a suitable vapor phase conduit and valve,
which may be a pressure-controlling valve,

Liquid dispensing from the system of FIGURE 2
through conduit 140 and valve 138 follows the same pro-
cedure as described with reference to FIGURE 1, check
valves 146 and 148 in conduits 142 and 144 preventing
vapor phase withdrawal from the succeeding containers.
Each container is preferably equipped with pressure re-
lief devices similar to FIG. 1, with the relief devices on
the last container 112 having the lowest pressure setting.

The systems of FIGURES 1 and 2 may be operated
manually or automatically and if automatically, either by
electrical or pneumatic means. Further, differential lig-
uid level sensing means may be employed to readily de-
termine the amount of liquid remaining in the dispensing
system. Also, if desired, liquid level sensing means may
be placed in the last container of the series to control the
filling of the system.

In summary, the advantages of the present system are:
(1) assurance of complete filling and dispensing of the
product liquid; (2) increased flexibility in the amount
of the refrigeration capacity .in that the number of con-
tainers that may be interconnected in series is not fixed;
(3) lower investment cost inasmuch as a plurality of
standard size liquid storage containers may be uvsed to
make up a required capacity vis-a-vis using custom-de-
signed storage containers; and (4) sharing of common
equipment such as pressure regulators, liquid level sens-
ing means, and the like.

Although preferred embodiments of the invention have
been described in detail, it is contemplated that modifi-
cations of the system may be made and that some fea-
tures may be employed without others, all within the
spirit and scope of the invention,

What is claimed is:

1. A method of successively filling a plurality of stor-
age zones with vaporizable liquid from a source thereof,
which method comprises:
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(a) providing a plurality of such zones in series rela-
tion with the first zone in the series being communi-
cable with said source, the bottom and top portions
of each succeeding zone in the series being commu-
nicable with the top portion of the preceding zone,
and the top portion of the last zone in the series
being communicable with the atmosphere;

{b) filling the first zone in the series by transferring
liquid from said source into the top portion of said
first zone and simultaneously venting vapor succes-
sively to the bottom portion of each succeeding zone
in the series from the top portion of the preceding
zone to regulate a momentary pressure surge in said
first zone at the beginning of the filling thereof, and
subsequently condensing vapor in said first zone by
cooling of same during the liquid filling thereof,
thereby reducing the pressure therein and causing
vented vapor to return to said first zone;

(c¢) and continuing liquid transfer to said first zone
so that liquid successively overflows into each suc-
ceeding zone thereby filling each succeeding zone in
the series by transferring liquid into the top portion
of each such succeeding zone from the top portion
of the preceding zone and simultaneously venting
vapor successively to the bottom portion of each suc-
ceeding zone in the series from the top portion of
the preceding zone to regulate a momentary pres-
sure surge within each succeeding zone at the begin-
ning of the liquid filling thereof, and subsequently
condensing vapor in each succeeding zone by cooling
of same in the series during the liquid filling there-
of, thereby reducing the pressure therein and caus-
ing vented vapor to return to such zone.

2. A method of dispensing vaporizable liquid from a
plurality of storage zones filled therewith [from a source
thereof], which method comprises:

(a) providing a plurality of such zones in series rela-
tion with the first zone in the series being communi-
cable with a dispensing outlet [said source]}, the bot-
tom portion of each succeeding zone in the series
being communicable with the top portion of the pre-
ceding zone, [and the last zone in the series being
communicable with the atmosphere;]

[(b) filling such series of zones through said first
zone such that each succeeding zone in the series is
filled successively after said first zone;]}

L(c)] (b) storing the liquid in such zones; and

L(d)X (¢) dispensing liquid on demand from such
series through said first zone such that each suc-
ceeding zone in the series is substantially emptied
successively after said first zone solely by vapor
pressure derived from the stored liquid.

3. A method of dispensing vaporizable liquid from
a plurality of storage zones filled from a source thereof,
which method comprises:

(a) providing a plurality of such zones in series rela-
tion with the first zone in the series being communi-
cable with said source, the bottom portion of each
succeeding zone in the series being communicable
with the top portion of the preceding zone, and the
top portion of the last zone in the series being com-
municable with the atmosphere;

(b) filling the first zone in the series with liquid from
said source and simultaneously venting vapor suc-
cessively to the bottom portion of each succeeding
zone in the series from the top portion of the pre-
ceding zone to regulate the pressure within said first
zone as such zone is being filled;

(c) and continuing liquid transfer to said first zone so
that liquid successfully overflows into each succeed-
ing zone thereby filling each succeeding zone in the
series with liquid from the top portion of the pre-
ceding zone and simultaneously venting vapor suc-
cessively to the bottom portion of each succeeding
zone in the series from the top portion of the pre-
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ceding zone to regulate the pressure within each suc-
ceeding zone as each zone is being filled;

(d) storing the same in such zone; and

(e) dispensing liquid on demand from the bottom por-
tion of the first zone of the series and transferring
liquid from the bottom portion of each succeeding
zone in the series to the top portion of the preceding
zone such that the first zone in the series is the first
to substantially empty and the last zone in the series
is the last to substantially empty.

4. A method of dispensing vaporizable liquid from a
plurality of storage zones filled from a source thereof,
which method comprises:

(a) providing a plurality of such zones in series rela-
tion with the first zone in the series being communi-
cable with said source, the bottom and top portions
of each succeeding zone in the series being communi-
cable with the top portion of the preceding zone, and
the top portion of the last zone in the series being
communicable with the atmosphere;

(b) filling the first zone in the series by transferring
liquid from said source into the top portion of said
first zone and simultaneously venting vapor succes-
sively to the bottom portion of each sncceeding zone
in the series from the top portion of the preceding
zone to regulate a momentary pressure surge in said
first zone at the beginning of the filling thereof, and
subsequent'y condensing vapor in said first zone by
cooling of same during the liquid filling thercof,
thereby reducing the pressure therein and causing
vented vapor to return to said first zone;

(¢) and continuing liquid transfer to said first zone so
that liquid successively overflows into each succeed-
ing zone thereby filling each succeeding zone in the
series by transferring liquid into the top portion of
each such succeeding zone from the top portion of
the preceding zone and simultaneously venting vapor
successively to the bottom portion of each succeeding
zone in the series from the top portion of the preced-
ing zone to regulate a momentary pressure surge
within each succeeding zone at the beginning of the
filling thereof, and subsequently condensing vapor
in each succeeding zone by cooling of same in the
series during the liquid filling thereof, thereby reduc-
ing the pressure therein and causing vented vapor to
return to such zone;

(d) storing the same in such zone; and

(e) dispensnig liquid on demand from the bottom por-
tion of the first zone of the series and transferring
liquid from the bottom portion of each succeeding
zone in the series to the top portion of the preceding
zone such that the first zone in the series is the first
to substantially empty and the last zone in the series
is the last to substantially empty.

5. Apparatus for dispensing a vaporizable liquid which
comprises a plurality of storage containers in series rela-
tion; means providing fluid communication with the first
container in the series for filling and dispensing liquid
therefrom; first means providing fluid communication be-
tween the bottom portion of each succeeding container
and the top portion of the preceding container for trans-
ferring liquid from each succeeding container in the series
to the preceding container, said first means comprising a
plurality of conduits each extending from the bottom por-
tion of a succeeding container to the top portion of the
immediately preceding container; second means provid-
ing fluid communication between the top portion of each
succeeding container and the top portion of the preceding
container for transferring vapor to each succeeding con-
tainer in the series from the preceding container, said
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second means comprising a plurality of conduits each ex-
tending from the top portion of a succeeding container
to the top portion of the immediately preceding container,
said first and second means being arranged such that said
storage containers are only serially interconnected in fluid
communication; and means providing fluid communica-
tion between the top portion of the last container in the
series and the atmosphere for venting vapor from the se-
ries of containers to regulate the pressure therein.

6. A method of dispensing vaporizable liguid from a
plurality of storage zones filled therewith, which method
comprises:

(@) providing a plurality of such zones in series rela-
tion with the first zone in the series being communi-
cable with a dispensing outlet, the bottom and top
portions of each succeeding zone in the series being
communicable with the top portion of the preceding
zone;

(b) storing the same in such zone; and

(¢) dispensing liquid on demand from the bottom por-
tion of the first zone of the series and transferring
liquid from the bottom portion of each succeeding
zone, in the series to the top portion of the preceding
zone such that the first zone in the series is the first
to substantially empry and the last zone in the series
is the last to substantially empty solely by vapor pres-
sure derived from the stored ligiid.

7. A method of dispensing vaporizable liquid nitrogen
from a plurdlity of storage zones filled therewith,
which method comnprises:

(a) providing a plurality of storage zones in serics rela-
tion with the first zone in the series being conumuni-
cable with a dispensing outlet, the bottom and top
portion of each succeeding zone in the series being
communicable with the top portion of the preceding
zone;

(b) storirg the vaporizable liquid nitrogen in such
zones; and

(¢) dispensing liquid nitrogen on demand from the bor-
tom portion of the first zone of the series and trans-
ferring liquid from the bottom portion of each suc-
ceeding zone such that the first zone in the serics is
the first to substantially empry and the lust zone in
the series is the last to substantially empty, the liguid
nitrogen being dispensed from said first zone and
transferred from cach succeeding zone solely by va-
por pressure in the top portion of each zone derived
from the stored vaporizable liquid nitrogen.

8. A method as claimed in claim 7 further including

the step of maintaining the pressurc in the lust zone of
the series lower than the pressure in the remaining zones.
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