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The present invention relates to transport con-
tainers for liquefied gases, and particularly to an
arrangement which operates to retain the purity
of the liquid material while permitting release of
generated gas to prevent building up of excessive
pressure within the container. In this respect
it constitutes an extension of the subject matter
of my copending application Serial No. 464,143,
filed October 31, 1942, now abandoned, of which
this application is a continuation in part.

Such materials as liquid oxygen or nitrogen are
commonly transported in insulated containers at
substantially atmospheric pressure or at least
relatively low pressure. While this entails some
loss due to heat leakage into the container and
consequent vaporization, yet the arrangement is
preferred since to transport the liquid in closed
pressure containers requires special construc-
tions capable of withstanding the higher pres-
sure and adapted to conform with governmental
regulations, which are thick-walled and corre-
spondingly expensive and involve considerable
dead weight.

The practice has been, accordingly, to provide
such containers with a breather pipe permitting
the gas as generated to escape through an up-
wardly extending pipe to the atmosphere. It has
been found, however, that in some cases at least
the liquid has become contaminated with impuri-
ties and also that the operation of certain valves
and lines has been interfered with. The present
invention is directed to an arrangement which
{unetions to avoid these difficulties. It is based
on the discovery that the difficulties arise from
special conditions in which the flow through the
release pipe is at times in the reverse direction
and air passes into the container, carrying with
it impurities and moisture which become mixed
with the liquid material, particularly through
constant agitation of the liquid in transit. Inad-
dition to the contamination, the moisture freezes
out in contact with the cold container and pipes,
causing ice and frost to accumulate at various
places with consequent clogging of the'lines and
freezing of the valves.

In the case of liquid oxygen, for example, the
atmosphere is always at a much higher tempera-
ture than the liquid, and even with the best of
insulation there is & slow leak -.of heat into the
liquid which causes evaporation, and under such
circumstances and with a restricted outlet the
gas space in the container will be maintained at
a pressure sufficiently higher than that of the
surrounding atmosphere to force the evaporated
quantities through the outlet line to the atmos-
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phere. Therefore, when the pressure of the sur-:
rounding atmosphere changes, the pressure of the
gas space of the container tends to change also
to a new value again suffciently higher than at-
mospheric to force out evaporated dquantities.
However, there is some considerable time lag in-
volved in such a readjustment of gas space pres-
sure, for it is also necessary to change the sensible
heat of the entire body of liquid in the container
to bring the temperature of the liquid to the boil~
ing temperature corresponding to the new gas
space pressure. Thus, it appears that if the
transport has reached a high altitude where the
atmospheric pressure is materially below its nor-
mal value of about 14.7 Ibs. per square inch and
the pressure within the container has corre-
spondingly decreased to below normal atmos-
pherie, and the transport then starts down a steep
decline continuing for a considerable distance
and period of time, the pressure may be built up
outside the container faster than inside. Under
such conditions with a pipeline open to the at-
mosphere there results a flow of air into'the con~
tainer carrying with it moisture and impurities:
of various sorts. Railroad tank cars, for example,
pass over high points where the pressure is sev-
eral pounds per square inch less than that exist-
ing at other points. The inflow of air may occur:
while an empty tank is en route back to the plant:
for recharging, in which case it contaminates the-
vapor in the cold tank and may also contaminate:
the liquid contents if any of the latter remains
in the tank, resulting in a loss of purity of the
liquid forming the next charge or necessitating’
an expensive cleaning of the tank or an excessive-
amount of purging with the liquid material being’
transported. ~ Also, the inflow of air may occur
while the tank is en route fully or partially:
charged and the contents accordingly become’
contaminated particularly as a result of the con-
stant agitation of the liquid.

The invention contemplates a simple arrange-
ment effective to meet the conditions described’
and accordingly adapted to permit escape of the
gases generated within the container and avoid
excessive pressure in the container, but opera-
tive to eliminate substantially the carrying of
moisture and impurities into the container.

The invention accordingly comprises the fea-
tures of construction, combination of elements
and arrangement of parts which will be exempli-
fied in the construction hereinafter set forth, and
the scope of ‘the invention will be indicated in
the claims. o o

For a fuller understanding of the nature and
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objects of the invention, reference should be
had to the following detailed description taken
in connection with the accompanying drawings,
in which:

Fig. 1 is a view in end elevation, with parts
broken away, of a railroad tank car type of trans~
port embodying the invention;

Fig. 2 is a fragmentary showing of part of the
venting line viewed from the left in Fig. 1;

Fig. 3 is a view similar to that of Fig. 2 of a
venting line modified to embody a .check valve;

Fig, 4 is a view similar to that of Fig. 1 but
limited to a portion only of a tank car transport
sufficient to disclose a modified arrangement of
the venting means;

Fig. 5 is a fragmentary detailed view on an
enlarged scale of a portion of the venting means
of Fig. 4; and

Fig. 6, similarly to Fig. 4, is a view of a portion
of a tank car but showing a still further modified
form of venting means for the container.

The specific type of container may vary as to
details and purpose and manner of transport,
but as diagrammatically depicted in Fig. 1 the
invention is embodied in a railroad tank car
which may be conventional in many of its gen-
eral features. It includes an inner liquid con-
tainer 10 with an outer shell 11 spaced therefrom,
the space in between serving as an insulating cov-
ering, and for this purpose may be evacuated or
contain suitable material such as powdered mag-
nesium ecarbonate, or both may be employed.
The liquid container and its insulating cover are
enclosed in an outer housing 12 of box-like char-
acter similar in general shape to an ordinary box
car.

Connected with the inner liquid container i0
above the normal liguid level when filled, such
as indicated by the line 13, is a vent or breather
line designated in general by the numeral (4.
The vent line comprises a small metal tube lead-
ing from its point of connection to the upper
or gas phase portion of the liquid container 10
downwardly through the ‘insulating space to a
point near the bottom and emerges through the
outer shell 11 as shown at 15. The span of tub-
ing within the insulating space will comprise nor-
mally several feet, and this length of tubing
serves to maintain at low value the amount of
heat leakage therethrough into the inner ves-
sel through conduction. The tube is provided
at the point where it passes through the wall of
the outer shell 11 with a suitable sealing means
which has relatively low thermal conductivity,
for axample, with a conical sealing member (6
rigidly secured in place to the wall of the shell
11 and with the tube {4 by suitable means such
as welding, From the sealing member {6 the
tube extends upwardly through a vertieal run {1
in the space between the outer shell {1 and the
housing 12 to near the top of the transport,
where it may have a short horizontal run i8
provided with a downwardly inclined portion (9
(see Fig. 2) communicating with a vertical sec~
tion 20. Tube 20 extends through the top of the
car and has an outlet to the atmosphere at 21i.
The container 10 will normally be sealed against
communication with the atmosphere, other than
through the breather pipe described.

A moisture trap is provided through the me-
dium of the inclined pipe section {9 and a lower
extension 22 of the pipe 20 which drains into a
small tube 23 having a suitable discharge at the
bottom as through an opening 24 in the floor of
the car. The diameter of the tube 23 is a minor

10

15

20

25

30

35

40

i

60

85

70

5 below any outside temperature.

4

fraction of the diameter of the tube éonstituting
the main vent line as e. g. % inch or less dia-
metral bore, and accordingly the out and in flow
of gases with respect to tank 10 occurs substan-
tially through the larger pipe 20.

In normal operation, as with the transport at
rest or traveling along. at a substantially con-
stant elevation, the generation of gases in the
tank 10 will cause a slow discharge thereof
through the vent pipe out the opening 21. If
the car moves up a grade to a higher elevation,
this discharge will be accentuated and the pres-
sure within the tank will decrease in proportion,
always remaining at a value but slightly higher
than that of the ambient atmosphere. When,
however, the car descends a steep grade, the am-
bient pressure will build up faster than within
the tank, causing a reverse flow in the vent line.
The inflowing air carries a substantial amount
of moisture and entrained foreign particles which
normally would flow into the tank, but with the
arrangement and characteristics of the appara-
tus shown the air will be chilled by the cold
pipe, causing the moisture to condense out and
to collect in the moisture trap and discharge
downwardly through the tube 23. Any additional
small amount of moisture which may be con-
densed on the inner surface of the vent pipe in-
wardly beyond the trap will be evaporated and
picked up by escaping dry gases when the flow
is reversed.

This reverse or outward flow may occur
whether or not the tank is “empty.” If the
“empty” tank car subseqguently travels up an in-
cline to an elevation where the ambient atmos-
phere is at a substantially lower pressure, some
of the air, together with some vapor from the
original liquid contents, will flow outwardly to
balance the. pressure. It should be noted in this
connection that although the temperature of the
interior of the tank may rise to some extent,
nevertheless due to the efficient type of insula-
tion employed, it normally still remains very low
and gases which flow outwardly will cool the pipe
Also the pipe
may be cooled to some extent by conduction
therealong from the interior and by its proxim-
ity to the container. Furthermore a so~called
“empty” tank in normal usage on its return trip
is rarely if ever completely free of the liquefied
gas material since the tank cannot be drained
dry through the liquid withdrawal line and in
any event will contain vapor.

If it is desired to prevent altogether the re-
verse flow of air into the tank, a system embody-
ing a check valve may be employed, such ag is
shown in Figs. 4 and 5. In this system the ar-
rangement is generally similar to that of Figs.
1 and 2 and embodies a vent pipe leading from
the tank 10 including a vertical run 30.leading
to the top of the car, which has an outlet to the
atmosphere at 3f. At an intermediate point, in-~
dicated generally at.32, the pipe is provided with
a check valve, and hetween it and the outlet with
a moisture trap shown as comprising.a U-por-
tion 33 extending to a point below the check
valve 32, the U-portion being provided with a
suitable drain valve 34.

In Fig. 5 there is shown enlarged the upper
part of the relief line of Fig. 4 embodying the
check valve and moisture trap, the check valve
being shown in cross-section. This check valve
may be of any desired construction suitable to
the purpose, that shown in Fig. 5 comprising a

75 poppet type valve member 36 mounted on an ap-
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propriate seat here shown as formed in ah en-
larged portion 37 of the tube 30. The valve is
urged to its seat by gravity, but advantageously
this is supplemented by a light spring 38 inserted
as shown between the valve member and a sta-
tionary spider 39 integral with or mounted in the
sleeve 40, the upper portion of the tube 30 lead-
ing to the moisture trap 33 being secured to the
sleeve member 40 in any suitable manner as by

the nut 44 clamping the flared end of tube 30 to !

the upper surface of sleeve #8. The spring 38
aids in reducing the tendency of valve 36 to jiggle
on its seat by vibration of the transport during
transit and permit inappropriate leakage at times
when the valve would otherwise be seated. The
valve serves also to maintain a slight pressure in
the container 18 above the surrounding atmos-
phere. The resistance to outward flow of gas,
and the pressure within container 10, are aug-
mented by the relatively long length of small tub-
ing through which the gas may pass. From the
standpoint of safety and government regulation
there is, of course, no objection to the mainte-
nance in the container of a few pounds of pres-
sure above atmospherie, and it has the advantage
of conserving gas material.

As heretofore noted, between the check valve
32 and the opening to the atmosphere there is
located a moisture trap 33, here shown as a U-
portion in the pipe, provided with a suitable
manually operable drain valve 34 which may be
opened at infrequent intervals to release any
liquid which might collect therein. Any moisture
which enters the open end of the pipe would nor-
mally condense in the pipe in the ccoler sur-
roundings and collect at the bottom of the U,
and accordingly would not have an opportunity of
getting into the check valve 32 and collecting
there as frost or ice, with possible interference
with the operation of the check valve. As an
alternative, the drain valve may ke replaced hy
a constantly open drain similar to the small tube
23 of Flig. 1,

Assuming that the container is employed fo
transport liquid oxygen e. g., accumulations of
oxygen gas generated in the inner container 10
are permitted to escape to the atmosphere and
no substantial pressure will build up in the con-
tainer other than the small amount defermined
by the length and size of the vent tube and what-
ever restriction is imposed at the check valve by
the weight thereof and the force of its spring.
In this construction of Figs. 4 and 5, however, no
gas will be permitted to flow back through the

relief pipe past the check valve 32. As a specific ¢

example, if the transport rises in transit to a
high elevation such as the top of a mountain
range, the oxygen gas will continue to bleed out
the pipe, particularly since the external atmos-
pheric pressure will be decreasing. Correspond-
ingly the pressure within container {8 will de-
crease, although not to the value that it may
reach on the exterior. If it be assumed now that
the tank car begins to move rapidly down a sharp
decline, a point may be reached where for a time
the external pressure will be in excess of that
within the -container 19. However, there will
be no inflow of air into the relief line beyond the
check valve 32, and all atmospheric air together
with any impurities or moisture which might
normally be contained or entrained therein will
be barred from entrance into the container 18 and
the purity of the contents maintained.

If desired, the system of Figs. 1 and 2 may em-
body a check valve functioning in a manner simi-
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lar to that described in connection with that of
Figs. 4 and 5, and Fig. 3 shows generally such a
valve 18a inserted in the intermediate pipe sec-
tion 8.

The systems heretofore described all contem-
plate the discharge of the gases escaping from
the tank at a point above the tank ear. This is
particularly desirable in the case of inflammable
or obnoxious gases. In some cases, however, for
example when transporting liquid nitrogen, it
may be satisfactory and preferred to discharge
the gases at a lower level, and Fig. 6 shows a
system so adapted and which has the advantage
of being extremely simple. In this figure the
liquid tank i@, outer shell 11 and box car con-
struction are shown fragmentarily only, but it
will be understood that they may be of the gen-
eral character of Fig. 1. Likewise, a vent pipe 50
similarly leads from the upper gas phase portion
down through the insulation at the side of the
tank, out through a conical sealing member 5i,
but from this point extends downwardly at 52
through an opening in the car floor, it being pro-
vided with an open lower end 53. It will be seen
that the vent pipe in this system is continuously
directed or inclined downwardly so as to be self-
draining to the exterior throughout practically
its entire length. Accordingly, when the tank is
breathing inwardly, condensed moisture will have
an opportunity to drain back through the same
main vent pipe. Furthermore, as the main part
of the pipe 50 is within the insulation, it is kept
cold and will condense the moisture of any in-
flowing air, which moisture will be reevaporated
and carried out by subsequently out-flowing dry
vapors.

Since certain changes may be made in the
above construction and different embodiments of
the invention could be made without departing
from the scope thereof, it is intended that all
matter contained in the above description or
shown in the accompanying drawings shall he in-
terpreted as illustrative and not in a limiting
sense.

Having described my invention, what I claim
as new and desire to secure by Letters Patent is:

1. A transport container for highly volatile .
liquefied gases having a boiling point tempera-
ture at atmospheric pressure considerably below
273° K. adapted in its normal transfer to be sub-
jected to considerable variation in atmospheric
pressures, said container having in combination
an inner liquid container, an insulating covering
therefor, and conduit means for venting the pres-
sure in the container but preserving the purity
of the contents comprising a vent line to the at~
mosphere, said liquid container being otherwise
normally closed from communication with the
atmosphere during transport, and a moisture
trap provided with a gravity drain in said vent
line, said venting means being constructed and
arranged normally to direct cold escaping gases
outwardly therethrough and to direct pressure
balancing gases from the atmosphere there-
through in the reverse direction when the con-
tainer is in a region of relatively higher atmos-
pheric pressure whereby the cooled conduit means
abstracts heat from the inflowing gases, produc-
ing condensation of moisture from the atmos-
phere gases.

2. A transport container for liquefied gases
having a boiling point temperature at atmos-
pheric pressure considerably below 273° K. hav-
ing in combination an inner liquid container, an
insulating covering therefor, and means for vent-
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ing the préssure in the:.container but preserving
the purity of the contents comprising &' vent.line
to the atmosphere; .said liguid container being
otherwise normally closed from communication
with the atmosphere, a check valve.in said vent
line arranged to permit-escape of gas outwardly
from -the container but prevent reverse flow, a
moisture trap in said vent line between said'check
valve and the outlet ‘to--atmosphere -and:located
outside of said insulating covering, and g drain
leading from a low point of -said moisture trap.

3.-A transport -container for liquefied gases
having a boiling point temperatire at atmos-
pheric- presstire below -273° K. having:in combi-
nation an inner liquid container, an-insulating
covering ‘therefor, a- vent -line to the-atmosphere,
said liquid - container being otherwise -normally
closed from communication with the atmosphere
during transport, a check valve in-said vent line
arranged to permit-relatively free escape of- gas
outwardly from the container but prevent reverse
flow, and- & moisture trap in said vent:line be-
tween said check valve and-the outlet to atmos-
phere and located outside of said insulating cov-
ering.

4. A transport for liguefied gases having a boil-
ing point at atmospheric pressure considerably
below 273° K. having in combination a liquid con-
tainer,-an insulating covering therefor, and a vent
line for said -container to the atmosphere; said
container being otherwise -normally closed from
communication  with the atmosphere while in
transit, a check valve-in said vent line arranged
to- permit escape of gas outwardly from the :con-

tainer to the-atmosphere but prevent reverse flow

of gas into the container, and a moisture trap in
said vent line between said check valve and the
outlet to'atmosphere, said ventline including the
check valve being of a -character to-retard and
prevent outward escape of gas-except: when -the
pressure within ‘the container attains-a prede-
termined value not in -excess of-25 1bs. per-square
inch -gbove -the -surrounding atmospheric pres-
sure.
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-5, A« transport- container: for:- highly -volatile
liquefied -gases having. a boiling point tempera-
ture at. atmospheric pressure considerably below
273° K. adapted:in its normal transfer to. be sub-
jected: to considerable variation in atmospheric
pressures; said container having in combination
an inner liquid container, an-insulating covering
therefor, and- cohduit means for venting: the
pressure. in::the- container but preserving the
purity of the-contents-comprising a vent line con-
necting the upper portion of said container to the
atmosphere;: said liquid -container being other-
wise normailly -closed from communication with
the atmosphere during transport; a moisture trap
in said vent line comprising an intermediate sec-
tion bent downwardly to-a point below the hori-
zontal level of the adjoining section and provided-
at-the bottom. with a constantly open drain -but
restricted in effective cross-sectional area to:a
minor fraction of: the: effective cross-sectional
area of .the vent line, said venting means being
coristructed ‘and arranged normally to direct cold
escaping :gases outwardly therethrough.and to
direct inflowing gases from the atmosphere
through -at least portions .of said vent line in:the
reverse direction when the container is in a region
of relatively higher atmospheric pressure whereby
the:cooled conduit means abstracts heat from-the
inflowing :gases, producing condensation of mois-
ture and removal thereof through said trap.

LEO V. GROGAN.
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