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(57) Abrégé/Abstract:

A cryogenic tank car tank includes an outer tank, an inner tank positioned within the outer tank, an inner nozzle, and inner manway
plate, an outer nozzle, and an outer manway plate. The inner nozzle defines an opening in the inner tank. The inner manway plate
is welded to the inner nozzle and covers the opening in the inner tank. The outer nozzle defines an opening in the outer tank and is
positioned above the inner nozzle, such that the inner manway plate is accessible through the outer nozzle. The outer manway
plate couples to an upper edge of the outer nozzle to cover the opening in the outer tank. In response to applying the vacuum to
the annular space between the inner and outer tanks, a differential pressure between the annular space and a space external to
the outer tank secures the outer manway plate to the outer nozzle.
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ABSTRACT

A cryogenic tank car tank includes an outer tank, an inner tank positioned within the outer
tank, an inner nozzle, and inner manway plate, an outer nozzle, and an outer manway plate. The
inner nozzle defines an opening in the inner tank. The inner manway plate is welded to the inner
nozzle and covers the opening in the inner tank. The outer nozzle defines an opening in the outer
tank and is positioned above the inner nozzle, such that the inner manway plate is accessible
through the outer nozzle. The outer manway plate couples to an upper edge of the outer nozzle to
cover the opening in the outer tank. In response to applying the vacuum to the annular space
between the inner and outer tanks, a differential pressure between the annular space and a space

external to the outer tank secures the outer manway plate to the outer nozzle.
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MANWAY RELIEF FOR A TANK CAR

RELATED APPLICATIONS

This application claims priority to United States Provisional Application Serial No.

62/962,662 entitled “MANWAY RELIEF FOR A TANK CAR,” filed January 17, 2020.

TECHNICAL FIELD OF THE INVENTION

This disclosure relates generally to railcars, and more particularly to a manway relief for

a cryogenic tank car constructed using a tank within a tank design.

BACKGROUND

Railroad tank cars are used to transport a variety of fluid commodities over large distances.
While traditional tank cars typically include a tank wrapped in insulation and covered in a
protective jacket, specialized tank cars also exist. For example, cryogenic tank cars have been
designed to transport cryogenic liquids (e.g., liquid nitrogen, liquid hydrogen, liquid oxygen, liquid
methane, etc.). Such tank cars typically include an inner tank positioned within an outer tank. A
vacuum is applied to the annular space between the two tanks to provide insulation to the

commodity transported within the inner tank.

SUMMARY

According to an embodiment, a tank for a cryogenic tank car includes an outer tank, an
inner tank positioned within the outer tank, an inner nozzle, and inner manway plate, an outer
nozzle, and an outer manway plate. The inner nozzle defines an opening in the inner tank. The
inner manway plate covers the opening in the inner tank. The inner manway plate is welded to the
inner nozzle. The outer nozzle defines an opening in the outer tank. The outer nozzle is positioned
above the inner nozzle, such that the inner manway plate is accessible through the outer nozzle.
The outer nozzle extends away from the outer tank and terminates at an upper edge of the outer
nozzle. The outer manway plate is configured to couple to the upper edge of the outer nozzle to
cover the opening in the outer tank. A space defined by an interior surface of the outer tank and
an exterior surface of the inner tank is configured to hold a vacuum. In response to applying the

vacuum to the space, a differential pressure between the space defined by the interior surface of
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the outer tank and the exterior surface of the inner tank and a space external to the outer tank
secures the outer manway plate to the outer nozzle.

According to another embodiment, a method of servicing an inner tank of a cryogenic tank
car, which includes an outer tank and the inner tank positioned within the outer tank, includes
removing a vacuum from a first space defined by an interior surface of the outer tank and an
exterior surface of the inner tank. An outer manway plate was secured to an outer nozzle by a
differential pressure that was generated by the vacuum between the first space and a space external
to the outer tank. The outer nozzle defines an opening in the outer tank. The outer nozzle extends
away from the outer tank and terminates at an upper edge of the outer nozzle. In response to
removing the vacuum, the method includes removing the outer manway plate from the outer
nozzle. The outer nozzle is positioned above an inner nozzle. The inner nozzle defines an opening
in the inner tank. An inner manway plate is coupled to the inner nozzle, such that the inner manway
plate covers the opening in the inner tank. The method additionally includes accessing the inner
manway plate through the outer nozzle. The method also includes removing the inner manway
plate from the inner nozzle. The method further includes accessing the inner tank through the
inner nozzle.

According to a further embodiment, a cryogenic tank car includes an outer tank, an inner
tank positioned within the outer tank, an inner nozzle, an inner manway plate, an outer nozzle, an
outer manway plate, and a set of wheel assemblies. The inner nozzle defines an opening in the
inner tank. The inner manway plate covers the opening in the inner tank. The inner manway plate
is welded to the inner nozzle. The outer nozzle defines an opening in the outer tank. The outer
nozzle is positioned above the inner nozzle, such that the inner manway plate is accessible through
the outer nozzle. The outer nozzle extends away from the outer tank and terminates at an upper
edge of the outer nozzle. The outer manway plate is coupled to the upper edge of the outer nozzle,
such that the outer manway plate covers the opening in the outer tank. A space defined by an
interior surface of the outer tank and an exterior surface of the inner tank is configured to hold a
vacuum. In response to applying the vacuum to the space, a differential pressure between the
space defined by the interior surface of the outer tank and the exterior surface of the inner tank and
a space external to the outer tank secures the outer manway plate to the outer nozzle. The outer

tank is coupled to the set of wheel assemblies.
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Certain embodiments of the manway relief may provide one or more technical advantages.
For example, an embodiment may allow for a greater amount of excess pressure in the annular
space between the inner and outer tanks to vent out of the annular space than in traditional
configurations. As another example, an embodiment allows for access to the inner manway of the
inner tank without cutting through the outer tank. As a further example, the larger surface area of
the manway relief nozzle and plate, as compared with traditional vacuum release nozzles, provides
a greater clamping force per inch on the gasket positioned between the manway nozzle and the
manway relief plate positioned above the nozzle, thereby providing a better seal for the vacuum.
Certain embodiments may include none, some, or all of the above technical advantages. One or
more other technical advantages may be readily apparent to one skilled in the art from the figures,

descriptions, and claims included herein.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure, reference is now made to
the following description, taken in conjunction with the accompanying drawings, in which:

FIGURE 1 illustrates an example cryogenic tank car;

FIGURES 2A and 2B illustrate examples of conventional vacuum release nozzles and
plates for use with the cryogenic tank car of FIGURE 1;

FIGURE 3 illustrates an example embodiment of the manway relief of the present
disclosure, for use with the cryogenic tank car of FIGURE 1; and

FIGURE 4 presents a flow chart illustrating an example method by which the manway
relief of FIGURE 3 may be used to service the inner tank of the cryogenic tank car of FIGURE
1.

DETAILED DESCRIPTION

Railway tank cars are used to transport a variety of fluid commodities over large distances.
Traditional tank cars typically include a metal tank, wrapped in an insulating material, and covered
in a protective outer jacket. Such traditional tank cars may be suitable for transporting liquids such
as oil or ethanol. However, when the commodity to be transported within the tank car is a
cryogenic liquid (e.g., liquid nitrogen, liquid hydrogen, liquid oxygen, liquid methane, etc.), the

insulation offered by a traditional car may not be sufficient to maintain the commodity at the low
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temperatures characteristic of such liquids. Accordingly, cryogenic tank cars have been designed
to transport these commodities.

Cryogenic tank cars typically include a thin inner tank positioned within a thicker outer
tank. During normal operations, a vacuum applied to the annular space between the two tanks is
used to provide a high degree of insulation to the commodity held within the inner tank, enabling
the tank car to haul extremely low temperature commodities over large distances, while helping to
minimize heat leakage into the inner tank. However, if a tank failure occurs, whereby the vacuum
between the inner tank and the outer tank is lost, pressure may build in the annular space between
the two tanks. If left unchecked, this pressure (applied to the exterior surface of the inner tank)
may cause the inner tank to collapse. Accordingly, conventional cryogenic tank cars typically
include a set of vacuum relief assemblies coupled to the outer tank. Such vacuum relief assemblies
include vacuum release plates coupled to nozzles extending through the outer tank. Traditional
vacuum release plates and nozzles range from four to six inches in diameter and are typically
mounted either on the top of the tank car, down the centerline of the car, or near the top of the tank
heads at one or both ends of the car. These plates are held in place on the nozzles by the differential
pressure between the external environment and the annular space between the inner and outer
tanks, in which vacuum has been applied. Accordingly, a loss of vacuum within the annular space
causes the plates to fall off, thereby preventing any build-up of pressure between the inner and
outer tanks.

In a conventional cryogenic tank car, the nozzles of the vacuum relief assemblies provide
the only direct access to the space between the inner tank and the outer tank. However, due to the
small size of the nozzles, such access is of limited use. For example, if railway employees wish
to service the inside of the inner tank, they must first cut out a large enough hole in the outer tank
through which they may then access the inner manway of the inner tank.

This disclosure contemplates a manway relief for a cryogenic rail car that offers several
benefits over conventional systems. Instead of using multiple four-inch to six-inch diameter
vacuum release nozzles/plates, this disclosure contemplates the use of a large (e.g., sixteen inches
or larger in diameter) manway relief nozzle extending through the outer tank at a location directly
above the inner manway of the inner tank, and a vacuum release plate held in place over the
manway relief nozzle by the differential pressure created between the external environment and

the annular space between the inner and outer tanks by the presence of a vacuum within the annular
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space. As with smaller vacuum release plates, a loss of vacuum in the annular space between the
inner and outer tanks causes the release plate to fall off the manway relief nozzle, preventing a
build-up of pressure in the annular space. Additionally, the plate may easily be removed, by
releasing the vacuum, thereby providing direct access to the inner manway of the inner tank.

Embodiments of the present disclosure and its advantages are best understood by referring
to FIGURES 1 through 4 of the drawings, like numerals being used for like and corresponding
parts of the various drawings. A railroad tank car is used throughout this disclosure as an example,
but the ideas presented herein may apply to other cryogenic liquid storage tanks, including storage
tanks for use on other types of vehicles or vessels.

FIGURE 1 illustrates an example cryogenic tank car 100. Cryogenic tank car 100 includes
storage tank 102 mounted on wheel assemblies 135 and 140. Storage tank 102 is generally
configured to store a cryogenic liquid, such as methane, nitrogen, hydrogen, oxygen, and/or any
other liquefied gas. Storage tank 102 includes a generally elongated hollow cylinder, enclosed at
a first end by tank head 110 and at a second end by tank head 115. This disclosure contemplates
that storage tank 102 may be of any suitable diameter and length.

Storage tank 102 may include piping circuits to load/unload commodity into/out of storage
tank 102. For example, storage tank 102 may include a spray header, a sparger, a vent circuit, a
fill and drain circuit, any other piping circuit, any other suitable component, and/or any number
and combination of the preceding. Valves and/or fittings may be mounted on storage tank 102, to
control the loading and unloading of commodities to and from storage tank 102. Such valves
and/or fittings may be mounted at any location on storage tank 102. As an example, in certain
embodiments, the valves and/or fittings may be mounted on a side of storage tank 102 and housed
inside cabinet 130. As another example, in certain embodiments, the valves and/or fittings may
be mounted on one or both of tank heads 110 and 115. As a further example, in some
embodiments, the valves and/or fittings may be mounted on the top of and/or the bottom of storage
tank 102.

As illustrated in FIGURE 1, storage tank 102 may be a dual-walled cryogenic tank
equipped with a vacuum jacket. For example, storage tank 102 may include outer tank 105 and
inner tank 120 positioned within outer tank 105. Outer tank 105 and inner tank 120 may be formed
from any suitable material or combination of materials. For example, outer tank 105 and inner

tank 120 may be formed from steel, or any other suitable metal. In some embodiments, outer tank
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105 may be formed from a different material than inner tank 120. In certain embodiments, the
thickness of outer tank 105 is greater than the thickness of inner tank 120.

The exterior surface of inner tank 120 and the interior surface of outer tank 105 define
annular space 125. Annular space 125 may be configured to hold a vacuum. For example, annular
space 125 may be sealed off from the exterior of outer tank 105 and the interior of inner tank 120,
such that air from the exterior of outer tank 105 and/or fluid from the interior of inner tank 120
may not enter annular space 125. A vacuum may be established in annular space 125 using one
or more vacuum pumps, or by any other suitable means. Once the vacuum is established, it may
be used to provide insulation to the contents of inner tank 120, by minimizing the transfer of heat
from outer tank 105 to inner tank 120.

As described above, in regular operating conditions, storage tank 102 is configured to hold
a vacuum in annular space 125 between inner tank 120 and outer tank 105. However, if a tank
failure occurs which causes the vacuum between inner tank 120 and outer tank 105 to be lost,
pressure may build in annular space 125. For example, pressure may build in annular space 125
when tank car 100 descends from a high-altitude location to a lower altitude location. If left
unchecked, this pressure, applied to inner tank 120, may cause inner tank 120 to collapse. This is
particularly true in embodiments of tank car 100 in which inner tank 120 is constructed from a thin
material.

FIGURES 2A and 2B illustrate examples of conventional vacuum release assemblies 210
for use on cryogenic tank car 100. Vacuum release assemblies 210 typically range in size from
four to six inches in diameter and are designed to prevent a build-up of pressure in annular space
125 (and accordingly to help prevent inner tank 120 from collapsing as a result of pressure exerted
on the external surface of inner tank 120). Federal Regulations mandate the use of such assemblies.
49 CFR 179.400-20(d). As illustrated in FIGURE 2A, typical cryogenic tank cars 100 may include
multiple vacuum release assemblies 210. The use of multiple small-diameter vacuum release
assemblies 210, as opposed to one larger vacuum release assembly, enables the use of a common
set of vacuum release parts for both small and large tanks. For example, small tanks may only use
one vacuum release assembly 210, while larger tanks may use three vacuum release assemblies
210. Vacuum release assemblies 210 are typically mounted near the top of tank heads 110 and/or

115, or on the top of outer tank 105, down the longitudinal centerline of the tank car 100.
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FIGURE 2B illustrates a cross-section of a conventional vacuum release assembly 210.
Vacuum release assembly 210 includes cover plate 220 and nozzle 215. Nozzle 215 defines a hole
in outer tank 105. Nozzle 215 may be formed from a cylindrical pipe and extends from outer tank
105 in a direction generally opposite the direction from outer tank 105 towards inner tank 120.
The outer edge of nozzle 215 may include a machine groove, configured to hold O-ring 225. Cover
plate 220 may include a similar machine groove, around the edge of the inner surface of the cover
plate, such that when cover plate 220 is placed on top of nozzle 215, O-ring 225 couples cover
plate 220 to nozzle 215.

Once cover plate 220 is placed on top of nozzle 215, vacuum may be applied to annular
space 125. Such a vacuum leads to a differential pressure between the external environment and
annular space 125, thereby generating a vacuum pressure on cover 220. This vacuum pressure
holds cover plate 220 in place over nozzle 215. O-ring 225, positioned between cover plate 220
and nozzle 215, provides a seal between cover plate 220 and nozzle 215, helping to ensure that
vacuum is not lost through the coupling between cover plate 220 and nozzle 215. In certain
embodiments, to further help ensure a good seal, vacuum grease may be applied to O-ring 225.

While vacuum is maintained within annular space 125, the resulting vacuum pressure may
hold cover plate 220 securely in place over nozzle 215. However, in response to a removal of the
vacuum (either purposefully, as a result of a tank failure, or for any other reason), cover plate 220
may fall off of nozzle 215 and/or allow any pressure generated within annular space 125 to vent
through nozzle 215. In this manner, vacuum release assembly 210 may help to prevent a build-up
of pressure within annular space 125. In order to prevent a physical loss of cover plate 220, in
response to such a loss of vacuum in annular space 125, cover plate 220 may be secured to tank
car 100 using a retention device 230, such as a chain. For example, a first end of chain 230 may
be welded to the inside of nozzle 215, and a second end of chain 230 may be welded to the bottom
side of cover plate 220, thereby preventing cover plate 220 from falling off of tank car 100 in
response to a loss of vacuum within annular space 125.

In a conventional cryogenic tank car 100, vacuum release assemblies 210 may provide the
only direct access to annular space 125 between inner tank 120 and outer tank 105. However, due
to the small size of nozzles 215, such access is of limited use. For example, if railway employees
wish to service the inside of inner tank 120, they must first cut out a large enough hole in outer

tank 105 through which they may then access the inner manway of inner tank 120. Accordingly,

Date Recgue/Date Received 2021-01-15



10

15

20

25

30

this disclosure contemplates an unconventional vacuum relief assembly for use in cryogenic tank
car 100, which may double as an inner manway access point.

FIGURE 3 presents an example embodiment of the unconventional manway relief 300 of
the present disclosure. In particular, FIGURE 3 presents a cross-section of manway relief 300.
Manway relief 300 includes outer nozzle 315, O-rings 320a and 320b, alignment pins 345, and
manway relief plate 325. Outer nozzle 315 may include a hollow pipe protruding from outer tank
105 in a direction generally opposite to a direction from outer tank 105 towards inner tank 120,
such that a first edge of nozzle 315 is coupled to outer tank 105 and a second edge of nozzle 315
is located a distance d from an external surface of outer tank 105. This disclosure contemplates
that distance d may be any suitable distance. In certain embodiments, the first edge of nozzle 315
may be flush with first tank 105, such that the first edge does not extend into annular space 125.
In some embodiments, the first edge of nozzle 315 may extend somewhat into annular space 125.
As illustrated in FIGURE 3, the first edge of outer nozzle 315 defines an opening 330 in outer tank
105 of cryogenic tank car 100. A cross-section of nozzle 315 (and accordingly the shape of
opening 330) may be circular, elliptical, or of any other suitable geometry. This disclosure
contemplates that nozzle 315 is larger than the nozzles 215 of conventional vacuum release
assemblies 210. For example, nozzle 315 may have a diameter of sixteen inches or more, as
compared to diameters of four to six inches, typical of conventional vacuum release nozzles 215.
In certain embodiments, nozzle 315 may be a manway, providing railway employees access to
inner tank 120.

In certain embodiments, the second edge of nozzle 315 may include a lip 335 that is
coupled to the outer circumference of the second edge of the pipe used to form nozzle 315 and
extends in a generally perpendicular direction away from the center of nozzle 315. Lip 335 may
be configured to hold one or more O-rings 320a and 320b. For example, in certain embodiments,
lip 335 may include one or more machine grooves configured to hold O-rings 320a and 320b. In
some embodiments, the thickness of the pipe that forms nozzle 315 may be such that one or more
O-rings 320a and 320b may rest on the second edge of the pipe that forms nozzle 315. In such
embodiments, the second edge of the pipe that forms nozzle 315 may include one or more machine
grooves configured to hold O-rings 320a and 320b. As illustrated in FIGURE 3, O-rings 320a and
320b may be of different diameters. For example, O-ring 320a may have a larger diameter than

O-ring 320b, such that O-ring 320b is nested within O-ring 320a.
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Manway relief plate 325 is configured to rest on top of O-rings 320a and 320b and to cover
opening 330 into outer tank 105. In embodiments in which lip 335 is configured to hold O-rings
320a and 320b, the shape of manway relief plate 325 may be such that manway relief plate 325
covers both opening 330 and lip 335. For example, if opening 330 is generally circular in shape,
with a radius », manway relief plate 325 may also be generally circular in shape, with a radius » +
the perpendicular extent of lip 335 from the second edge of the pipe that forms nozzle 315. In
embodiments in which the second edge of the pipe that forms nozzle 315 is configured to hold O-
rings 320a and 320b, the shape of manway relief plate 325 may be such that manway relief plate
325 covers opening 330. For example, if opening 330 is generally circular in shape, with a radius
r, manway relief plate 325 may also be generally circular in shape, with a radius 7.

In certain embodiments, manway relief plate 325 may include one or more machine
grooves on the bottom of the plate (the side of plate 325 facing towards outer tank 105 when
manway relief plate 325 is positioned on top of nozzle 315), around the outer edge of the plate.
Such machine grooves may be configured to accommodate O-rings 320a and 320b, when manway
relief plate 325 is placed on top of nozzle 315. In certain embodiments, vacuum grease may be
included on O-rings 320a/320b, the machine grooves on nozzle 315, the machine grooves on lip
335, and/or the machine grooves on manway relief plate 325, to help ensure a good seal between
manway relief plate 325 and nozzle 315, when vacuum is applied to annular space 125 between
outer tank 105 and inner tank 120.

This disclosure contemplates that manway relief plate 325 and nozzle 315 may be formed
from any suitable material or materials. For example, in certain embodiments, manway relief plate
325 and/ornozzle 315 are formed from the same material as outer tank 105. In some embodiments,
manway relief plate 325 and/or nozzle 315 may be formed from a metal, such as steel, or any other
suitable metal. Manway relief plate 325 and nozzle 315 may be formed from the same or different
materials.

This disclosure contemplates that when a vacuum is applied to annular space 125, the
resulting difference in pressure between the environment outside of outer tank 105 and the
environment within annular space 125 is sufficient to hold manway relief plate 325 in place over
nozzle 315. The presence of O-rings 320a and 320b, and/or vacuum grease then helps to provide
a seal between manway relief plate 325 and nozzle 315, thereby helping to prevent any air from

outside of outer tank 105 from entering annular space 125. In certain embodiments, the larger
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surface area of manway relief plate 325, as compared with conventional vacuum release plates
220, provides a greater clamping force per inch of O-ring 320a/b, thereby providing a better seal
for the vacuum within annular space 125. For example, the differential pressure resulting from a
vacuum applied to annular space 125 may hold conventional vacuum release plates 220 in place
on nozzles 215 with ~200 pounds of force. On the other hand, such a pressure differential may
hold manway relief plate 325 in place on nozzle 315 with ~5000 pounds of force.

This disclosure contemplates that manway relief 300 may include any number of one or
more O-rings 320a/b positioned on the second edge of nozzle 315. For example, in certain
embodiments (and as illustrated in FIGURE 3), manway relief 300 may include two O-rings 320a
and 320b. The use of multiple O-rings 320a and 320b may be desirable to help ensure that a proper
seal is maintained between manway relief plate 325 and nozzle 315. For example, as illustrated
in FIGURE 3, outer O-ring 320a is exposed to the elements. Accordingly, it may fail as a result
of weathering. In contrast, because inner O-ring 320b is protected from the elements by outer O-
ring 320a, it is unlikely that inner O-ring 320b will fail at/around the same time as outer O-ring
320a. Accordingly, inner O-ring 320b may act to maintain the seal between manway relief plate
325 and nozzle 315, even when weathering has caused outer O-ring 320a to fail.

As illustrated in FIGURE 3, in certain embodiments one or more alignment pins 345 may
be used to secure manway relief plate 325 to nozzle 315. When manway relief plate 325 is
positioned on top of nozzle 315, each alignment pin 345 extends through all or a portion of the
thickness of manway relief plate 325 and through all or a portion of the thickness of lip 335 of
nozzle 315. In certain embodiments, for each alignment pin 345, manway relief plate 325 includes
a machined hole that is configured to engage an upper portion of the alignment pin. Similarly, lip
335 includes a machined hole that is configured to engage a lower portion of the alignment pin.
The use of alignment pins 345 may be desirable to help prevent manway relief plate 325 from
sliding on top of nozzle 315 when tank car 100 is in motion.

When vacuum is removed from annular space 125 (either purposefully, as a result of a tank
failure, or for any other reason), the pressure differential between the external environment and
annular space 125 generated by the vacuum may no longer exist to hold manway relief plate 325
in place over nozzle 315. Accordingly, manway relief plate 325 may fall off of nozzle 315 and/or

allow any pressure generated within annular space 125 to vent through nozzle 315. In this manner,
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manway relief plate 325 may help prevent a build-up of pressure within annular space 125, thereby
helping to prevent a collapse of inner tank 120.

In order to prevent a physical loss of manway relief plate 325, in response to a loss of
vacuum in annular space 125, manway relief plate 325 may be secured to tank car 100 using a
retention device. For example, a first end of chain 340 may be welded to the inside of nozzle 315
and a second end of chain 340 may be welded to the bottom side of manway cover plate 325,
thereby preventing manway cover plate 325 from falling off of tank car 100 in response to a loss
of vacuum within annular space 125. As another example, manway relief plate 325 may be
coupled to nozzle 315 through a hinge or other suitable restraint device.

In certain embodiments, a single manway relief 300 may be provided on tank car 100.
Given the larger size of manway relief 300 as compared with conventional vacuum release
assemblies 210, in certain embodiments, manway relief 300 may allow for a greater amount of
excess pressure in annular space 125 to vent through nozzle 315, as compared with conventional
vacuum release assemblies 210, despite the fact that multiple vacuum release assemblies 210 are
typically mounted on conventional cryogenic tank cars 100, as opposed to the single manway relief
300 contemplated by the present disclosure.

In certain embodiments, rather than relying on vacuum pressure to hold manway relief
plate 325 on nozzle 315, manway relief plate 325 may be welded to the second edge of nozzle 315.
In such embodiments, in order to prevent a build-up of pressure within annular space 125, one or
more burst discs may be included on outer tank 105 and/or manway relief plate 325. Such burst
discs may be formed as thin metal discs that are configured to burst in response to experiencing a
build up of pressure. The use of burst discs may be desirable to help maintain the vacuum within
annular space 125 in the event of a fire; burst discs are likely to survive longer in a fire than gaskets
320a/b, which will likely melt.

As illustrated in FIGURE 3, in addition to functioning as a vacuum relief assembly,
manway relief 300 may double as a manway for providing access to inner tank 120. For example,
nozzle 315 may be located directly above inner manway 310 of inner tank 120. This disclosure
contemplates that inner manway 310 of inner tank 120 is a conventional inner manway typically
present in a double-walled cryogenic tank car 100. As illustrated in FIGURE 3, inner manway
310 defines an opening into inner tank 120. Inner manway 310 may be formed from a cylindrical

pipe and extend from the surface of inner tank 120 in a direction generally towards the interior of
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inner tank 120. An inner manway cover 305 is typically coupled to inner manway 310. Manway
cover 305 typically covers the opening provided by inner manway 310 to the interior of inner tank
120 and may be coupled to inner manway 310 in any suitable manner. As an example, manway
cover 305 may be welded to inner manway 310. This disclosure contemplates that manway cover
305 is configured to retain pressure within inner tank 120.

In conventional cryogenic tank cars 100, there is no direct way to access inner manway
310, other than cutting through outer tank 105. This necessarily results in a loss of vacuum within
annular space 125. Accordingly, this disclosure contemplates that by positioning manway relief
300 on outer tank 105, at a location directly above inner manway 310 of inner tank 120, a railway
employee may access inner manway 310 simply be releasing the vacuum from annular space 125
and removing manway relief plate 325 from nozzle 315. Thus, manway relief 300 may be used to
access inner manway 310 without cutting outer tank 105. Once manway relief plate 325 is
removed, a railway employee may access the interior of inner tank 120, through manway 310,
simply by cutting out inner manway cover 305.

FIGURE 4 presents a flow chart illustrating an example method 400 by which manway
relief 300 of FIGURE 3 may be used to service inner tank 120 of cryogenic tank car 100. In step
405, a railway employee releases the vacuum from annular space 125 between inner tank 120 and
outer tank 105. Releasing the vacuum removes the force acting to hold manway relief plate 325
in place on nozzle 315. In step 410, the employee removes manway relief plate 325 from nozzle
315, thereby providing the employee with direct access to inner tank 120. In step 415, the
employee accesses inner manway 310 and inner manway cover 305 through outer nozzle 315. In
step 420, the employee removes inner manway cover 305 from inner manway 310. For example,
the employee may cut inner manway cover 305 out from inner manway 310. In step 425, the
employee accesses the interior of inner tank 120 through inner manway 310, to service inner tank
120.

Modifications, additions, or omissions may be made to method 400 depicted in FIGURE
4. Method 400 may include more, fewer, or other steps. For example, steps may be performed in
parallel or in any suitable order. While discussed in terms of an employee performing the steps of
method 400, this disclosure contemplates that any suitable person and/or machine may perform

the steps of method 400.
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Although the present disclosure includes several embodiments, a myriad of changes,
variations, alterations, transformations, and modifications may be suggested to one skilled in the
art, and it is intended that the present disclosure encompass such changes, variations, alterations,

transformations, and modifications as falling within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A tank for a cryogenic tank car comprising:
an outer tank;
an inner tank positioned within the outer tank;
5 an inner nozzle defining an opening in the inner tank;
an inner manway plate covering the opening in the inner tank, the inner manway plate
welded to the inner nozzle;
an outer nozzle defining an opening in the outer tank, the outer nozzle positioned above
the inner nozzle, such that the inner manway plate is accessible through the outer nozzle, the outer
10 nozzle extending away from the outer tank and terminating at an upper edge of the outer nozzle;
and
an outer manway plate configured to couple to the upper edge of the outer nozzle to cover
the opening in the outer tank, wherein:
a space defined by an interior surface of the outer tank and an exterior surface of
15 the inner tank is configured to hold a vacuum; and
in response to applying the vacuum to the space, a differential pressure between the
space defined by the interior surface of the outer tank and the exterior surface of the inner
tank and a space external to the outer tank secures the outer manway plate to the outer

nozzle.

20 2. The tank of Claim 1, wherein:
the upper edge of the outer nozzle is configured to hold a first gasket; and
the first gasket is configured to provide a seal between the outer nozzle and the outer

manway plate.

3. The tank of Claim 2, wherein:
25 the upper edge of the outer nozzle comprises a lip extending in a generally perpendicular
direction away from an interior of the outer nozzle; and
the lip is configured to:
hold the first gasket positioned at a first distance from a center of the outer nozzle;

and
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hold a second gasket positioned at a second distance from the center of the outer

nozzle, the second distance greater than the first distance.

4. The tank of Claim 3, wherein:
the first gasket comprises a first O-ring of a first diameter; and
the second gasket comprises a second O-ring of a second diameter greater than the first

diameter.

5. The tank of Claim 1, wherein:

the upper edge of the outer nozzle comprises a lip extending in a generally perpendicular
direction away from an interior of the outer nozzle;

the lip comprises a first hole configured to engage a lower portion of an alignment pin;

the outer manway plate comprises a second hole configured to engage an upper portion of
the alignment pin, the alignment pin configured to engage both the first hole and the second hole

to secure the outer manway plate to the lip.

6. The tank of Claim 1, further comprising a retention device, the retention device
comprising a first end coupled to the outer nozzle and a second end coupled to the outer manway

plate.

7. The tank of Claim 1, wherein:

the outer manway plate is welded to the upper edge of the outer nozzle; and

the tank further comprises a burst disc configured to rupture in response to a buildup of
positive pressure within the space defined by the interior surface of the outer tank and the exterior

surface of the inner tank.

8. A method of servicing an inner tank of a cryogenic tank car comprising an outer
tank and the inner tank positioned within the outer tank, the method comprising:
removing a vacuum from a first space defined by an interior surface of the outer tank and

an exterior surface of the inner tank, wherein:
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an outer manway plate was secured to an outer nozzle by a differential pressure that
was generated by the vacuum between the first space and a space external to the outer tank,
wherein the outer nozzle defines an opening in the outer tank, the outer nozzle extending
away from the outer tank and terminating at an upper edge of the outer nozzle;
in response to removing the vacuum:
removing the outer manway plate from the outer nozzle, wherein:
the outer nozzle is positioned above an inner nozzle, the inner nozzle
defining an opening in the inner tank; and
an inner manway plate is coupled to the inner nozzle, such that the inner
manway plate covers the opening in the inner tank;
accessing the inner manway plate through the outer nozzle;
removing the inner manway plate from the inner nozzle; and

accessing the inner tank through the inner nozzle.

9. The method of Claim 8, wherein removing the inner manway plate from the inner

nozzle comprises cutting the inner manway plate out of the inner nozzle.

10.  The method of Claim 8, wherein a gasket is positioned between the upper edge of
the outer nozzle and the outer manway plate, the gasket configured to provide a seal between the

outer nozzle and the outer manway plate.

11. The method of Claim 8, wherein:
the upper edge of the outer nozzle comprises a lip extending in a generally perpendicular
direction away from an interior of the outer nozzle; and
the lip is configured to:
hold the first gasket positioned at a first distance from a center of the outer nozzle;
and
hold a second gasket positioned at a second distance from the center of the outer

nozzle, the second distance greater than the first distance.

12. The method of Claim 11, wherein:

the first gasket comprises a first O-ring of a first diameter; and
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the second gasket comprises a second O-ring of a second diameter greater than the first

diameter.

13. The method of Claim 8, wherein:

the upper edge of the outer nozzle comprises a lip extending in a generally perpendicular
direction away from an interior of the outer nozzle;

the lip comprises a first hole configured to engage a lower portion of an alignment pin;

the outer manway plate comprises a second hole configured to engage an upper portion of
the alignment pin, the alignment pin configured to engage both the first hole and the second hole
to secure the outer manway plate to the lip; and

removing the outer manway plate from the outer nozzle comprises at least one of:

disengaging the alignment pin from the first hole; and

disengaging the alignment pin from the second hole.

14.  The method of Claim 8, wherein a first end of a retention device is coupled to the
outer nozzle and a second end of the retention device is coupled to the outer manway plate, the
method further comprising, in response to removing the vacuum, removing the retention device

from the outer manway plate.

15. A cryogenic tank car comprising:

an outer tank;

an inner tank positioned within the outer tank;

an inner nozzle defining an opening in the inner tank;

an inner manway plate covering the opening in the inner tank, the inner manway plate
welded to the inner nozzle;

an outer nozzle defining an opening in the outer tank, the outer nozzle positioned above
the inner nozzle, such that the inner manway plate is accessible through the outer nozzle, the outer
nozzle extending away from the outer tank and terminating at an upper edge of the outer nozzle;

an outer manway plate coupled to the upper edge of the outer nozzle, such that the outer
manway plate covers the opening in the outer tank, wherein:

a space defined by an interior surface of the outer tank and an exterior surface of

the inner tank is configured to hold a vacuum; and
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in response to applying the vacuum to the space, a differential pressure between the
space defined by the interior surface of the outer tank and the exterior surface of the inner
tank and a space external to the outer tank secures the outer manway plate to the outer
nozzle; and

5 a set of wheel assemblies, wherein the outer tank is coupled to the set of wheel assemblies.

16.  The cryogenic tank car of Claim 15, wherein:
the upper edge of the outer nozzle is configured to hold a first gasket; and
the first gasket is configured to provide a seal between the outer nozzle and the outer

manway plate.

10 17.  The cryogenic tank car of Claim 16, wherein:
the upper edge of the outer nozzle comprises a lip extending in a generally perpendicular
direction away from an interior of the outer nozzle; and
the lip is configured to:
hold the first gasket positioned at a first distance from a center of the outer nozzle;
15 and
hold a second gasket positioned at a second distance from the center of the outer

nozzle, the second distance greater than the first distance.

18.  The cryogenic tank car of Claim 17, wherein:

the first gasket comprises a first O-ring of a first diameter; and

20 the second gasket comprises a second O-ring of a second diameter greater than the first
diameter.
19.  The cryogenic tank car of Claim 18, wherein:

the upper edge of the outer nozzle comprises a lip extending in a generally perpendicular
direction away from an interior of the outer nozzle;
25 the lip comprises a first hole configured to engage a lower portion of an alignment pin;
the outer manway plate comprises a second hole configured to engage an upper portion of
the alignment pin, the alignment pin configured to engage both the first hole and the second hole

to secure the outer manway plate to the lip.
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20.  The cryogenic tank car of Claim 1, wherein:

the outer manway plate is welded to the upper edge of the outer nozzle; and

the cryogenic tank car further comprises a burst disc configured to rupture in response to a
buildup of positive pressure within the space defined by the interior surface of the outer tank and

5  the exterior surface of the inner tank.
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Remove a vacuum from the annular space between the inner and 405
outer tanks of a cryogenic rail car.

'

400

Remove an outer manway plate from an outer nozzle, the outer | 410
nozzle defining an opening in the outer tank.
Access an inner nozzle through the outer nozzle, the inner nozzle 415
defining an opening in the inner tank. T
Remove an inner manway plate from the inner nozzle. I~ 420
Access the inner tank through the inner nozzle. I~ 425

FIG. 4
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