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PATENT

TITLE OF THE INVENTION

{6901} Crvogenic Fluid Cylinder

CROSS-REFERENCE TO RELATED APPLICATIONS

{68621 This application ciaims the priority benefit of U.S. Provisional Patent Application
Number 61/799,886 filed on March 15, 2013 and U.S. Provisional Patent Application Number
61/866,062 filed on August 15, 2013, the disclosures of which are expressly incorporated

herein in their entireties by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0003] Not Applicable

PARTIES TO A JOINT RESEARCH AGREEMENT
{0604} Not Applicable

REFERENCE TO APPENDIX
{0085] Not Applicable

FIELD OF THE INVENTION
[0086] The field of the present invention relates to storage vessels for eryogenic fluids, and

more particularly, to vertically-oriented cylinders for holding cryogenic fluids,

BACKGROUND OF THE INVENTION

[6667] A typical eryogenic fluid storage vessel or container includes an inner tank for
retaining a supply of cryogenic liquid and an outer jacket surrcunding the inner tank. The outer
jacket is spaced from the inner tank (o create an insulation chamber there between. The
insulation chamber typically has a vacuum created therein, Thus, the storage container is
configured to reduce radiant and conductive heat transfer between the tanks in order to reduce

vaporization of the cryogenic liquid stored in the inner tank.
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{6608] While prior eryogenic fluid storage containers may perform in an adequate manner to
store eryogenic fluids, they are not casy to maintain in a working manner over time, can be
difficult to operate, and can be difficult to move or transport. This is particularly true for
vertically oriented cryvogenic fluid cylinders. Accordingly, there is a need for improved

cryvogenic fluid containers.

SUMMARY OF THE INVENTION

j0009] Disclosed herein are cryogenic fluid storage vessels or containers which overcome at
least one of the deficiencies of the prior art. Disclosed is a eryogenic fluid container
comprising, in combination, an inner vessel for holding eryogenic fluid, a cylindrically shaped
outer vessel having a vertically extending central longitudinal axis and surrounding the inner
vessel and forming an insulating space therebetween, and end user operating controls located
on 4 top of the outer vessel including a Hquid-use valve for selectively dispensing liquid
cryogen from the inner vessel, a pressure-building valve for selectively controlling a pressure
building circuit for increasing pressure within the fnner vessel, a gas-use valve for selectively
dispensing gaseous crvogen from the inner vessel. Each of the end user operating controls are

located on a front side of the top of the outer vessel.

[0016] Also disclosed is a vertically-oricnted cryogenic {luid cylinder comprising, in
combination, an inner vessel for holding cryogenic fluid, a cylindrically shaped outer vessel
having a vertically extending central longitudinal axis and surrounding the inner vessel and
forming an insulating space therebetween, operating controls located on a top of the outer
vessel, and a handling ring secured to the top of the outer vessel and encircling the operating
controls. The handling ring has at least one raised portion for providing additional access
beneath the handiing ring to at least some of the operating controls while protecting the

operating controls.

[



WO 2014/152505 PCT/US2014/027413

[0013]  Also disclosed is a cryogenic fluid container comprising, in combination, an inner
vessel for holding ervogenic fluid, a cylindrically shaped outer vessel having a vertically
extending ceniral longitudinal axis and surrcunding the inner vessel and forming an insulating
space therebetween, operating controls located on a top of the outer vessel including an
economizer regulator having an adjustment screw for selectively sefting at least one pressure
level, and a protective cap covering only a portion of the adjustment screw and configured to

prevent the adjustment screw from being rotated to adjust the at least one pressure level.

[6612] Also disclosed is a ervogenic fluid container comprising, in combination, an inner
vessel for holding cryogenic fluid, a cylindrically shaped cuter vessel having a vertically
extending central longitudinal axis and surrounding the inner vessel and forming an insulating
space therebetween, operating controls located on a top of the outer vessel, and a pump-out port
located in a wall of the outer vessel. The pump owt port includes a base secured to the outer
vessel and having a passage connecting an intertor space of the outer vessel with atmosphere
about the outer vessel and a plug sealing the passage and configured to be released from the
passage at a predetermined pressure within the outer vessel. The plug comprises a material

which resists galling with the base.

[0813}  Also disclosed is a cryogenic fluid container comprising, in combination, an inner
vessel for holding cryogenic fluid, a cylindrically shaped outer vessel having a vertically
extending central longitudinal axis and surrounding the inner vessel and forming an insulating
space therebetween, operating controls located on a top of the outer vessel, and a vacuum
gauge port assembly located in a wall of the outer vessel. The vacuum gange port assembly
includes a receptacie secured to the wall of outer vessel and having an interior cavity and a
digital vacuum sensor secured within the interior cavity of the receptacle and having an
electrical connector for removable connection of an external vacuum page for indicating
vacuum within the outer vessel. The sensor is exposed to vacoum within the outer vessel

through an opening in the receptacle.
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{6014] From the foregoing disclosure and the following more detailed description of various
preferred embodiments it will be apparent to those skilled in the art that the present invention
provides a significant advance iy the technology and art of cryogenie fluid containers.
Particularty sigruficant in this regard s the potential the invention affords for providing reliable
and relatively low cost cryogenic fluid container that is relatively easy to pse, maintain, and
transport. Additional features and advantages of various preferred embodiments will be better

understood in view of the detatled description provided below.
BRIEF DESCRIPTION OF THE DRAWINGS
{6615] These and further features of the present invention will be apparent with reference to

the following description and drawings, wherein:

{0016] FIG. 1 is a front elevational view of a vertically-oriented cryogenic fluid cylinder

according to the present invention.

{6017} FIG, 2 1s a diagramumatic view of the top of the cryogenic flutd cylinder of FIG. 1

showing user controls and wherein a ceniral Hifting lug is remove for clarity.

{0018} [IG. 2A is a diagranunatic view similar to FIG. 2 but showing an alternative

arrangement of the user controls,

{0619} FIG. 3 is a cross-sectional view of the cryogenic fluid cylinder of FIGS. 1 and 2 taken

along line 3-3 of FIG. 2.

{66201 FIG. 4 is a schematic view of the plumbing of the cryogenic fluid cylinder of FIGS. 1
to 3.

{0021] FIG. 5 is a top plan view of a manifold of the ervogenic flud cylinder of FIGS. 1 to 4.
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{8022} FIG. 6 is a right side view of the manifold of FIG. 5.

186231 FIG. 7 is a perspective view of an economizer regulator of the cryogenic fluid cylinder

of FIGS. 1 to 4 having a protective cap secured thereto.

[0024] FIG. 8 is an enlarged perspective view of the economizer regulator protective cap of

FIG. 7.
{0625 FIG. 915 a side view of the economizer regulator of FIG. 7.

D026] FIG. 10 is a is cross-sectional view of the economizer regulator taken along line 10-10

of FIG. 9.

{0027 FIG. 11 is an enlarged fragmented view taken from FIG. 10 showing an interface

between the economizer regulator and the protective cap,

[0028] FIG. 12 is an enlarged perspective view of a top portion of the eryogenic fluid
cylinder of ¥F1GS. 1 to 4 showing an ounter vessel pump-out plug and an outer vessel digital
vacuum gauge assembly.

[0029]  FIG. 13 is a cross sectional view showing the outer vessel pump-out plug of FIG.12.

10038]  FIG. 14 is a top plan view of the of the outer vessel pump-out plug of FIGS. 12 and
1

N
3.

{0031} FIG. 15 is a cross-section view of'the outer vessel pump-out plug taken along line 15-

15 of FIG. 14
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100321 FIG. 16 is a cross sectional view showing a terminal assembly of the outer vessel
digital vacuum gauge assembly of FIG.12 wherein a digital reader or display has be

disconnected.

[0033] FIG. 17 is a top plan view of a receptacle of the terminal assembly of FIG. 16.

[6034] FIG. 18 is a cross-section view of the receptacle taken along line 18-18 of FIG. 17,

{8035] FIG. 19 is a perspective view of a vacuum sensor the terminal assembly of FIG. 16,

[0036] FIG. 20 is a top plan view of the vacuum sensor of FIG. 19.

18637} FIG. 21 is a side view of the vacuum sensor of FIGS. 19 and 20

{0038} FIG. 22 is a plan bottom view of the vacuum sensor of FIGS, 19 10 21.

{6039} 1t should be undersiood that the appended drawings are not necessarily to scale,
presenting a somewhat simplified representation of various preferred features illustrative of the
basic principles of the invention. The specific design features of the eryogenic fluid storage
containers as disclosed herein, including, for example, specific dimensions, orientations,
locations, and shapes of the various components, will be determined in part by the particular
intended application and use environment., Certain features of the illustrated embodiments
have been enlarged or distorted relative to others to facilitate visualization and clear
understanding. In particular, thin features may be thickened, for example, for clarity or
illustration. All references to direction and position, unless otherwise indicated, refer to the

orientation of the cryogenic fluid storage containers illustrated in the drawings.

DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS
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{6640] It will be apparent io those skilled in the art, that 1s, to those who have knowledge or
experience in this area of technology, that many uses and design variations are possibie for the
improved ervogenic fluid storage containers disclosed herein. The following detailed
discussion of various alternative and preferred embodiments will itlustrate the general
principles of the mvention with regard to a vertically-oriented cryogenic fluid eylinder 10.
Other embodiments switable for other apphceations will be apparent to those skilled in the art
given the benefit of this disclosure.

[0041] Referring now to the drawings, FIGS. 1 to 4 illustrate a crvogenic fhiid storage
container i the form of a vertically-oriented crvogenic fluid cylinder 10 according to the
present invention. The cryvogenic fluid cvlinder 10 is designed for the storage and
transportation of eryogenic liguids such as, for example, liquid nitrogen, liguid oxygen, liguid
argon, liguid carbon dioxide, liquid nitrous oxide, and the like. The illustrated cryogenic fluid
cylinder 10 includes a cylindrically-shaped outer vessel or tank 12 having a vertically
extending central longitudinal axis 14 perpendicular to a diameler of the outer vessel 12, an
inner vessel or tank 16 located within the outer vessel 12 having a vertically extending central
longitudinal axis 18 perpendicular to a diameter of the inner vessel 16 and coaxial with the
longitudinal axis 14 of the outer vessel 12, a foot ring 20 secured to the bottom of the outer
vessel 12, and a handling or protective ring 22 secured to the top of the outer vessel 12, The
illustrated outer and nner vessels 12, 16 have elongate longitudinal lengths such that the
lengths of the vessels 12, 16 are about 2.5 to 3.0 times larger than the diameters of the vessels
12, 16 but any other suitable size can alternatively be utilized.  The outer and inner vessels 12,
16, the foot ring 20, and the handling ring 22 preferably comprise stainless steel but any other
suitable material can alternatively be utiized. The inner vessel 16 has a hollow interior space
24 for containing the cryogenic fluid and i3 sapported within the outer vessel 12 to minimize
heat copumunication between the vessels 12, 16 while providing adequate support of the inner
vessel 16, The llustrated inner vessel 16 is at least partially supported by a support tube 26
extending from the top of the outer vessel 12 to the top of the mner vessel 16 within the outer

vessel 12 and communicating an opening 12a in the top of the outer vessel 12 with an opening
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16a in the top of the inner vessel 16, Vacuum is present in a gap or space 28 between the
vessels 12, 16, Additionally, cryogenic thermal msulation and/or vacuum getters can be

provided in the space 28 to assist thermally insulating the inner vessel 16.

{00421  As best shown in FIG. 2, all operating controls 30 of the illustrated cryvogenic fluid
cylinder 10 are located at the top of the outer vessel 12. The operating controls 30 enable
suppliers or maintenance personnel and customers or end users to control operations of the

eryogenic fluid ceylinder 10.

{80431 A manually-operable gas-use valve 32 is located at the top of the outer vessel 12and is
in communication with a vaporizer coil 34 of an economizer cirguit 36 through a manifold or
“knuckle”38 (best shown in FIGS. 5 and 6). The manifold 38 1s located ouiside the outer
vessel 12and is secured to the outer vessel 12at the top opening 12a. The manifold 38 closes
and scals the opening [2a in the outer vessel 12except for the passages therein as discussed in
more detail hereinafter. The gas-use valve 32 has an outlet and an inlet and has a manually
operable tum handle to open and close the gas-use valve 32. The gas-use valve 32 is opened
and closed by the end users to selectively supply pressurized cryogenic gas from the cryogenic
fluid cylinder 10 to an external device. The outlet of gas-use valve 32 is provided with a
suitable fitting for attachment of a gas supply line for connecting the gas-use valve 32 with the

external device to be supplied with the eryogenic gas.

{0044} An cconomizer or control regulator 40 is located at the top of the oufer vessel 12 for
regulating the economizer circuif 36 and a pressure building circuit 42 to automatically
maintain desired operating pressures within the inner vessel 12, The economizer regulator 40
is in floid flow communication with an upper portion of the inner vessel 16 via a regulator port
44 of the manifold 38. An economizer portion 46 of the economizer regulator 40 is also in
fluid flow communication with an economizer tube 48 extending to the vaporizer 50 of the
econonizer circuit 36 via an economizer port 52 of the manifold 38. The illustrated

economizer regulator 40 is comnected to the economizer port 52 with external copper tubing 54
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but any other suitable connection can alternatively be utilized. The economizer regulator 40 is
also in fluid flow communication with a manually-operable pressure building valve 56 which is
connected to the pressure building coil 58 of the pressure building cireuit 42. The iliustrated
cconomizer regulator 40 is connected to the pressure build valve 56 with external copper tubing
60 but any other suitable connection can alternatively be utilized. The cconomizer regulator 40
is typically adjusted by the suppliers or maintenance personnel to set an economizer pressure
and a pressure building presswre, The illustrated economizer regulator 40 automatically sets the
scononizer sefting a predetermined amount higher than the pressure building setting such as,

for example, about 15, psig.

[6845]  When it is desired to release pressurized cryogenic gas from the inner vessel 16, the
customers or end-users open the gas-use valve 32. If the operating pressure within the inner
vessel 16 is greater than the economizer setting of the economizer regulator 40, the regulator 40
is automatically open to communicate the head space 24a within the inner vessel 16 with the
economizer 62 of the economizer circuit 36 so that pressurized cryogenic gas flows from the
head space 24a within the inner vessel 16 to the economizer regulator 40 through the manifold
38, from the economizer regulator 40 to the economizer tube 48 through the manifold 38,
through the vaporizer 50 within the outer vessel 12, from the vaporizer 50 to the gas-use valve
32 through the manifold 38, and through the gas-use valve 32 for delivery to the external
device through the gas supply line secured between the gas-use valve 32 and the external
device. As pressurized cryogenic gas is released, the operating pressure within the ey vessel
16 is reduced. If the operating pressure within the inner vessel 16 drops to the economizer
setting of the economizer regulator 40, the economizer regulator 40 is automatically closed and
cryogenic liquid flows up the liquid tube 64 from the bottom of the inner vessel 16 to the
economizer tube 48 via the manifold 38, through the vaporizer 30 within the outer vessel 12
where it is vaporized, from the vaporizer 50 to the gas-use valve 32 through the manifold 38,
and through the gas-use valve 32 for delivery to the external device through the gas supply line
secured between the gas-use valve 32 and the external device. If the operating pressure within

the inner vessel 16 drops to the pressure building setting of the economizer regulator 40, the
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economizer regulator 40 automatically opens to connect the pressure building valve 56 with the
head space 24a within the inner vessel 16 so that, when the pressure building valve 56 1s open,
crvogen lignid flows from the bottom of the inner vessel 16 to the pressure building coil 58,
through the pressure building coil 58 within the outer vessel {2 where it is vaporized, from the
pressure building coil 58 to the pressure building valve 56 thyongh the manifold 38, from the
pressure building valve 56 to the economizer regulator 40, and from the economizer regulator
40 to the head space 24a with the inner vessel 16 through the manifold 38. When the operating
pressure within the inner vessel 16 rises about the pressure build setting of the economizer
regulator 40, the economizer regulator 40 closes to stop flow through the pressure building
circuit 42. It is noted that the illustrated vaporizer coil 34 and pressure building coil 58 are
located between the outer and inner vessels 12, 16 and attached to the inside of the outer vessel
12. When it is desired to stop release of the cryogenic gas from the cryogenic fluid eylinder 10,

the customer or end user closes the gas use valve 32.

{6846} The manually-operable pressure building valve 56 15 located at the top of the outer
vessel 12 and can be selectively operated to isolate the economizer regulator 40 from the
pressure building coil 38, The pressure building valve 56 has an outlet and an inlet and has a
manually operable turn handle to open and close the pressure building valve 56. The pressure
building valve 536 is in fluid How communication with an outlet of the pressure building coil 56
and is in fhiid Sow communication with the pressure building portion 66 of the economizer
regulator 40. When the pressure building valve 56 is open, the pressure building circuit 42
automaticaily operates as described above 1o raise the operating pressure within the inner vessel
16. When the pressure building valve 56 is closed, the pressure building circuit 42 does not

operate.
[0047] A pressure gauge 68 is located at the top of the outer vessel 12 and is in fhad flow

communication with the head space 24a of the inner vessel 16 through the manifold 38. The

pressure gauge 68 displays the current operating pressure within the inner vessel 16. The

10
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illustrated pressure gauge 68 is a mechanical dial gauge but it is noted that any other suitable

type of pressure gauge can alternatively be utilized.

{8848] A pressure relief device or valve 70 is located at the top of the outer vessel 12 and is
in fluid flow communication with the head space 24a within the taner vessel 16 through the
manifold 38. The pressure relief valve 70 automatically opens when the operating pressure
within the inner vessel 16 reaches a predetermined maxinmum operating pressure. When open,
the pressure relief valve 70 vents eryogenic gas from the inner vessel 16 to atmosphere via the
manifold 38. A burst device or disc 72 is also located at the top of the outer vessel 12 and isin
fluid flow communication with the head space 24a within the inner vessel 16 through the
manifold 38. The burst disc 72 ruptures to release excess pressure at a predetermined
maximun pressure greater than the predetermined maximum pressure of the pressure release
device 70 and 1ndicating that the pressure relief device 70 failed o properly operate. When
ruptured, the burst disc 72 vents cryogenic gas from the inner vessel {6 to atmosphere through
the manifold 38. The pressure relief device 70 and the burst device 72 can be of any suitable

type.

{6049] A manually-operable liquid-use valve 74 is located at the top of the outer vessel 12
and is in fluid flow communication with the outlet of liguid withdrawal tube 64 located within
the inner vessel 16 through the manifold 38. The liquid-use valve 74 has an outlet and an inlet
and has a manually operable turn handle to open and close the liquid-use valve 74, The liquid-
use valve74 is opened and closed by the customer or end user to selectively supply cryogenic
liquid from the inner vessel 16 to an external device. The liquid-use valve is provided with a
suitable fitting for attachment of a liquid supply line for connecting the Hquid-use valve 72 with

the external device 1o be supplied with the crvogenic liquid.
{60501 A liquid level gauge 76 is mounted at the top of the outer vessel 12 to the manifold 38

and extends into the inner vessel 16 through the manifold 38 to indicate the level of the

cryogenic liquid within the inner vessel 16. The iHustrated liquid level indicator 76 is a float or

11
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swing arm type of lquid level gauge and has a mechanical dial but it is noted that any other

suitable type of liquid level gauge and/or dial can alternatively be utilized.

{06511 A manually-operable vent valve 78 is located at the top of the outer vessel 12 and is in
fluid flow communication with the inner vessel 16 through the manifold 38. The vent valve 78
has an outlet and an inlet and has a manually operable turn handle to open and close the vent
valve 78, The vent valve 78 is opened and closed by maintenance personnel to control liguid
filling and/or gas withdrawal, The vent valve 78 is provided with a suitable fitting for

attachment of a transfer or vent line,

[0652]  As best shown tn FIGS. 5 and 6, the illustrated manifold 38 is cylindrical shaped
having a planar upper surface 80, a planar lower surface 82 opposite the upper surface 80 and a
circular peripheral side surface 84 connecting the upper and lower surfaces 80, §2. The
manifold 38 is sized and shaped to be secured to the {op of the outer vessel 12 and closing and
sealing the opening 12a in the top of the outer vessel 12. The lower surface 82 is provided with
a counter bore 86 for receiving the support tube 26 for the inner vessel 16. A main passage 88
extends through the manifold 38 from the upper surface80 to the lower surface 82 within the
counter bore 86 on the lower surface so that when the support tube 26 is secured between the
inner vessel 16 and the manifold 38, the passage is in {luid flow communication with the head
space 24a of the inner vessel 16, The illustrated upper surface 80 is provided with a counter
bore or cavity 90 about the passage 88 as well as a plurality of spaced-apart threaded fastener
openings 92 for securing the liquid level gauge 76 thereto that closes and seals the upper end of
the passage 88, The illustrated upper surface 80 is also provided with a plurality of spaced-

apart fastener openings 94 for securing a central lifting lug 96 thereto (best shown in FIG. 1).

{60531 The front of the illustrated manifold side surface 84 is provided with a pressure
building port 98 for connection of the pressure building valve 56. The pressure building port
98 iz connected for fluid flow communication, via an internal passage, to a pressure building

coil port 100 on the lower surface 82, ontside the support tube counter bore 86, for connection
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of the outlet of the pressure building coil 58 located within the outer vessel 16, Adjacent to the
pressure building port 98, the front of the illustrated manifold side surface 84 is provided with a
gas port 102 for connection of the gas-use valve 32. The gas port 102 is connected for fluid
flow communication, via an internal passage, to a vaporizer outlet port 104 on the lower
surface 82, outside the support tube counter bore 86, {for connection of the cutlet of the
vaporizer coil 34 located within the outer vessel 12, Adjacent to the pressure building port 98
opposite the gas port 102, the front of the illustrated manifold side surface 84 is provided with
a liquid port 106 for connection of the liquid-use valve 74, The liquid port 106 is connected for
fluid flow communication, via an internal passage, to a withdrawal tube port 108 on the lower
surface 82, within the support tube counter bore 86, for conmection of the outlet of the liguid
withdrawal tube 64 located within the inver vessel 16. Adjacent to the liguid use port 106
opposite the pressure building port 98, the front of the illustrated manifold side surface 84 is
provided with an economizer tabe port 110 for connection of the economizer portion 46 of the
economizer regulator 40. The economizer tube port 110 Is connected for fluid flow
communication, via an internal passage, to a vaporizer mlef port 112 on the lower surface 82,
outside the support tube counter bore 86, for connection of the inlet of the economizer tube 48
located within the outer vessel 12, It is noted that the inner passage also connects the
economizer tube port 110 in fluid Sow communication with the withdrawal fube port 108.
Thus, the liquid port 106 and the withdrawal tube port 108 are each in fluid flow

comumunication with each of the economizer tube port 110 and the vaporizer inlet port 112.

[0054] The rear of the illustrated manifold side surface 84 1s provided with a pressure
building regulator port 114 for connection of the economizer regulator 40. The pressure
regulator port 114 is connected for fluid flow commanication, via an internal passage, 1o the
main passage 88 and thus the head space 24a of the inner vessel 16. Adjacent to the regulator
port 114, the rear of the illustrated manifold side surface 84 is provided with a vent port 116 for
connection of the vent valve 78. The vent port 116 is connected for fluid flow communication,
via an internal passage, to a port 118 on the lower surface, within the support tube counter bore,

86 to be in fluid flow communication with the head space 24a of the inner vessel 16, Adjacent
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to the regulator port 114 opposite the vent port 116, the rear of the illustrated manifold side
surface 84 is provided with a relief port 120 for connection of the pressure gauge 68, the
pressure relief device 70, and the burst disc 72. The relief port 120 is connected for fluid flow
communication, via an internal passage, to the main passage 88 and thus the head space 24a of
the imuer vessel 16. 1t is noted that the manifold 38 can alternatively have any other sunitable

configuration.

§0035] FIGS. 7 to 11 illustrate a protective cover or cap 122 secured to the economizer
regulator 40, The illustrated protective cover 122 is sized and shaped to cover a head portion
124 of an adjustment screw or bolt 126 and an adjacent portion 128 of the adjustment screw
126 that is otherwise exposed outside the economizer regulator 40. The adjustment screw 126
is rotatable about its longitudinal axis to selectively adjust the pressure set points of the
economizer regulator 40. The illustrated protective cover 122 is generally cup-shaped having a
planar end wall 130 and a cylindrically-shaped side wall 132 extending from the end wall 130
to form an interior space with a closed end and an open end opposed to the open end. The
interior space is sized and shaped to receive the exposed portion of the adjustment screw of the
economizer regulator therein. A plurality of circumferentially spaced-apart detents or
protrusions are provide within the interior space that form a one-way snap lock onto the head
portion 124 of the adjustment screw 126. That is, the protective cover 122 can be snapped onto
the screw head 124 so that it is secured thereto but cannot be removed from the head portion
124 of the adjustment screw 126 without breaking or damaging the protective cover 122. The
head 124 of the adjustment screw 126 retains the protective cap 122 on the adjustment screw
126. 1t is noted that the illustrated protective cap 122 only covers a portion of the adjustment

screw 126 so that the remainder of the economizer regulatordd remains exposed for inspection.

{6856] The illustrated protective cap 122 has a pair of longitudinally extending slots 136 on
opposite sides of the side wall 132, The illustrated slots 136 each have a small connecting web
138 that holds the side wall 132 in its circular shape. If i is desired to remove the protective

cap 122 from the adjustment screw 126, the relatively small webs 138 can be easily cut to
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release the protective cap 122 from the adjustment screw 126, With the webs 130 cut, the side
wall 132 can be pivoted back to remove the interference between the head 124 of the
adjustment screw 126 and the engagement surfaces 140 of the protective cap 126, The webs
138 can be easily cut with a knife, scissors, or the like. Onee cut, the protective cap 122 can be
discarded and a new one is used in its place after adjusting the adjustiment screw 126, Itis
noted that the protective cover 122 could alternatively be configured so that it is removable

with a special removal tool.

[0037] The illustrated detents each inwardly extend from inner side of the side wall 132
within the interior space and have a rearward-facing planar engagement 140 surface that faces
and is generally parallel with the end wall 130. The illustrated detents also each have an

inward facing camming surface 142 that extend radially inwardly in a direction toward the end
wall 130. The detents are secured to the side wall 132 toward their outer ends so that the
rearward end forming the engagement surface 140 is resiliently detlectable in a radially
outward direction toward the side wall 132. The protective caps 122 are preferably molded of a
plastic material providing the desired resilient deflection but can alternatively be formed of any

other suitable material.

{6058] Configured in this manner, the protective cap 122 is installed by moving the open end
of the cap 122 over the head portion 124 of the adjustment serew 126 in the Jongitudinal
direction. When the angled camming surfaces 142 engage the head portion 124, the detents are
deflected radially outwardly so that the detents pass over the head portion 124 as the protective
cap 122 continues to move in the forward direction. When the detents are past the head portion
124, the detents resiliently snap back to their at rest {or undeflected) positions.  Once placed in
this position, the protective cap 122 cannot be removed because the engagement surfaces 140
engage the head portion 124 to prevent further withdrawal, Also, the open end of the cap 122
is blocked by the economizer regulator 40 so that there is not adequate access to the detents to
manually defect them outwardly out of the path of the head portion 124 of the adjustment screw

126. It is noted that the protective cover 122 is sized and shaped so that it freely rotates about
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the adjustment screw 126 when secured thereto. Thus, rotation of the protective cover 122 will
not rotate the adivstment screw 126. The illustrated protective cover 122 is installed onto the
adjustment screw 126 of the economizer regulator 40 by supplier or maintenance persomnel
after the ceconomizer regulator 40 has been adjusted to the desired pressure set points.
Typically, this Is done at the time the cryogenic fluid cylinder 10 is filled with cryogenic liguid.
With the protective cover 122 In place, end users or others cannot adjust the pressure set poiats
because the adjustment screw 126 cannot be rotated.  if the protective cover 122 is damaged or
removed, it is a sign that the pressure set potnts may have been aliered. When the cryogenic
fluid cylinder 10 is to be refilled with cryogenic fluid or other maintenance is to be performed
reguiring adjustment of the economizer regulator 40, the protective cap 122 is cut and removed

and a new protective capl22 is installed at the appropriate time.

[059]  As best shown in FIG. 12, the top of the outer vessel 12 1s also provided with a pump-
out or seal plug 144 and a vacuum gauge assembly 146. The pump-out or seal plug 144
protects the outer vessel 12 from over pressurization, The vacuum gauge assembly 146
provides supplier or maintenance persornnel an indication of the pressure or vacuum between

the outer and inner vessels 12, 16.

{00601 The illustrated pump-out plug 144 is secured through the outer vessel 12 at the rear
side of the top of the cryogenic fluid cylinder 10. As best shown in FIGS. 13 to 15, the
illustrated pump-out plug 144 includes a base 148 and a plug 150. The illustrated base 148 is
penerally cylindrical shaped having a central passage 152 therethrough. An outer surface of the
base is provided with a flange 154 having a bottom surface 156 that engages the outer surface
of the outer vessel 12 when the lower end of the base 148 is inserted into an opening 158 in the
outer vessel 12. The illustrated base 148 is welded to the outer vessel 12 but the base 148 can
alternatively be secured in any other suitable manner or formed integral with the outer vessel
12. The illustrated base 148 is formed of stainless stee! which ean be suitably welded to the

stainless steel outer vessel 12 but any other suitable material can alternatively be utifized. An
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inner surface of the base 148 is provided with an cutward facing abutiment 160 that is engages

by the plug 150 to limit inward movement of the plug 150 through the base 148.

[6661] The illustrated plug 150 is cylindrical shaped for receipt in the passage 152 of the base
148 with a lower end 162 of the plog 150 engaged with the abutment 160 of the base 148. The
illustrated outer surface of the plug 150 is provided with a pair of circumferentially extending
and longitudinally spaced apart o-rings 164, The base 148, the plug 150, and the o-rings 164
are confignred so that the plug 150 remains in the base 148 and seals the opening 158 in the
outer vessel 12 over a predetermined range of pressures within the outer vessel 12 but the plag
150 is released or pushed out of the base 148 at a predetermined pressure to prevent rupture of
the outer vessel 12, The iltustrated plug 150 is formed of brass but any other suitable material

can alfematively utilized.

[6662] The illustrated plug 150 comprises brass to prevent galling between the plug 150 and
the base 148. Galling is a problem because the metal plug 150 must slide while in tight contact
with the metal base 148. Galling can occur regardless of whether the metals are the same or
different. Galling is a form of wear caused by adhesion between sliding swfaces. When a
material galls, some of it is pulled with the contacting surface, especially if there s a large
amount of force compressing the surfaces together. This will generally leave some material
stuck or even friction welded to the adjacent surface, while the galled material may appear
gouged with balled-up or torn lnmps of material stuck to its surface. This can cause the plug
150 to fail to be pushed out of the base 148 at the predetenmined pressure which can resuli in a
catastrophic failure of the outer vessel 12, Brass 1s utilized for forming the plug 150 because
of its resistance to galling but any other material highly resistant to galling can alternatively be
utilized such as, for example, materials having a face-centered-cubic structure (copper, bronze,
gold), hexagonal close packed structures (cobalt based atloys), and the like. 1t is noted that the
plug 150 can alternatively or additionally be provided with an outer coating of a such & material

or atloy.

17



WO 2014/152505 PCT/US2014/027413

{6063} The illustrated vacuom gauge assembly 146 is secured through the outer vessel 12 at
the rear side of the top of the cryogenic fluid cylinder 10. The illustrated vacuum gaunge
assembly 146 includes a vacuum gauge port assembly 166 and an external vacuum gauge
reader or display 168 removably securable to the vacuum gauge peort assembly 166. As best
shown in FIGS, 16 to 22, the vacunm gauge port assembly 166 includes a receptacle 170 and a
digital vacuum sensor 172 secured to the receptacle 170, The illustrated vacuum gauge port
assembly 166 provides a leak tight mechanical connection and sensor feed through so that the
vacuum level in the insulation chamber or space 28 between the outer and inner vessels 12, 16

can be checked and/or determined.

{6064] As best shown in FIGS. 17 and 18, the illustrated receptacle 170 is generally
cylindrical shaped having a central passage 174 therethrough sized and shaped for receiving the
sensor 172 therein. An end wall 176 closes the lower end of the passage 174 except for an
opening 178 sized and shaped to cooperate with the sensor 172. The illustrated opening 178 is
provided with internal pipe threads that cooperate with external threads of the sensor 172, The
receptacle 170 15 secured to the outer vessel 12 within an opening 180 in the outer vessel 12,
The illustrated receptacle 170 is welded to the outer vessel 12 but the receptacle 170 can
alternatively be secured in any other suitable manner or formed integral with the outer vessel
12, The illustrated receptacle 170 is formed of stainless steel which can be suitably welded to

the stainless steel outer vessel 12 but any other suitable material can alternatively be utilized.

{0865] As best shown in FIGS. 19 to 22, the sensor 172 is sized and shaped for receipt within
the receptacle 170 and has an externally threaded portion 182 sized and shaped for cooperation
with the threaded opening 178 of the receptacle 170 lo secure the sensor 172 within the
receptacie 170 and to adequately seal the opening 180 in the outer vessel 12 against leaks that
would cause a loss of vacunm between the vessels 12, 16, A suifable hex-shaped wrenching
portionl84 is provided on the sensor body so that the sensor 172 can be adequately tightened
to and untightened from the receptacte 170. The lower end of the sensor 172 is provided with a

sensor opening 186 to sense the vacuum within the outer vessel 12 but the bodvi8R is
P g ¥
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adequately sealed to prevent the loss of vacuum within the outer vessel 12. The outer end of
the sensor 172 is provided with an electrical connector 190 sealed with silicone gel
encapsulation. The illustrated sensor 172 provides digital output signals representing the level
of vacuum but the sensor 172 can alternatively be of any other suitable type. When the external
reader 16¥ is unattached to the sensor 172, a removable protective cover 192 can be utilized to
selectively close the npper open end of the receptacle 170 to prevent the entry of dirt and debris
and/or to protect the sensor 172, It is also poted that it the vacuum gauge 172 is not desired, a
suitable plug can replace the sensor 172 within the receptacle 170 to adequately seal the

threaded opening 178 in the receptacle 170.

[0066] The external vacuum gauge reader 168 has an electrical connector 194 that can be
selectively connected {o electrical connector 190 of the vacuum gauge sensor 172 that
energizes and/or communicates with the vacuum gauge sensor 172 to display the level of
vacuum within the outer vessel 12. The illustrated reader 168 has a digital display 196 that
indicates a numerical value for the vacuam {evel but it is noted that alternatively any other
suitable reading device can be alternatively utilized. Because the external reader 168 is
removable, a single external reader 168 can be utilized with more than one crvogenic fluid

evlinder 10,

{8067  As best shown in FIG. 2, all of the operating controls 30 are located on the {op of the
outer vessel 12 within the handling ring 22 and are positioned so that all of the operating
controfs 30 that are typically operated by the customers or end users of the cryogenic fluid
cylinder 10 (the liquid-use valve 74, the pressure building valve 56, and the gas-use valve 32)
are located on the front side of the outer vessel 12 and all of the operating controls 30 that are
intended for use only by the suppliers or maintenance personnel {the economizer regulator 40,
the pump-out plug 144, the vacuum gauge port 146, and the vent valve 78) are located on the
rear side of the cryogenic fluid cylinder 10. Configured in this manner, it is caster for the

customers or end users to reach the operating controls or control devices 30 that they need to
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operate and it is less ikely that the customers or end users will purposely or mistakenly

operate an ncorrect one the control devices,

[0068] The illustrated handling ring 22 is circular when viewed from above and encireles the
contro devices. The handling ring 22 aids in protecting the eryogenic fluid eylinder 10 and
particalarly the control devices 30 located thereon upon unintended roll over and makes it
casier to walk, roll and move the cryvogenic fhuld cylinder 10. The illustrated handling ring 22
is lobe shaped having horizontally extending side portions 198 and upwardly curved or convex
front and rear portions 200 that extend higher than the side portions 198, Thus, the handling
ring 22 is raised higher in the front and rear sides than it is on the lateral sides to provide better
access below the handling ring 22 to the control devices 30 located on the top of the cryogenic
floid cylinder 10 at the front and rear sides of the cryogenic floid cvlinder 10, It is noted that
while the illustrated handling ring 22 has two raised portions 200, the handling ving 22 could
alternatively have a single raised portion such as, for example, a front lobe at the end user
controls, or could alternatively have more than two raised portions, such as, for example, three

spaced apart raised portion.

{0069] The illustrated handling ring 22 is secured to the outer vessel 12 by & pair of ring
supports 202 that space the handling ring 22 above each of valves. The illustrated ring supports
202 are only located at lateral sides of the ouler vessel 12 and are secured to the horizontal side
portions of the handling ring 22, The illustrated handling ring 22 is only attached on the left
and right fateral sides so that there is unobstructed access to the valves 32,56, 70, 74, 78 below
the handling ring 22 on the front and rear sides of the cryogenic fluid cylinder 10. The
handling ring 22 is sized and shaped so that the front and rear portions 200 of the handling ring
22 are high enough to provide access below the handling ring 22 so that the valves 32,56, 70,
74, 78 can be easily operated by directly reaching the valve handles under the handling ring 22
but are low encugh that the handling ring 22 still adequately protects the valves 32,56, 70, 74,
78 located on the top of the cryogenic fluid cylinder 10, The tllustrated handling ring 22 and

side supports 202 are each stainless steel and secured in place by welding but alternatively can
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be formed of any other suitable material and can alternatively be secured in any other suitable

MANRCY.

[0676] The illusirated customer or end user control devices (the liquid use valve 74, the
pressure building valve 56, and the gas-use valve 32) are each located entirely on the front side
of the top of the outer vessel 12, That is, they are all located entirely within a front sector of
the top of the outer vessel 12 of 180 degrees. The customer or end user control devices (the
Hquid use valve 74, the pressure building valve 56, and the gas-use valve 32) are preferably all
located entircly within the front raised or lobe portion 202 of the handling ring 22, which in the
illusirated embodiment is a front sector of the top of the outer vessel 12 of about 140 degrees.
The illustrated customer or end user control devices (the Liquid use valve 74, the pressure
building valve 56, and the gas-use valve 32) are all located entirely within a front sector of the
top of the outer vessel 12 of about 120 degrees. It is noted that the confrol devices 30 can
extend from the manifold 38 at non-normal (that is, non-perpendicular) angles, either in the
horizontally and/or vertical direction so that they can be positioned in a more desirable location
for access (best shown in FIGS. 5 and 6). In the illustrated embodiment, the gas use valve 32
and the liguid use valve 74 are each angled at acute angles {(when viewed from above) to

position them closer to the pressure building valve 56.

{00711 The supplier or maintenance personnel control devices {the economizer regulator 40,
the pump-out plug 144, the vacuum gauge port 146, and the vent valve 78} are ali located
entirely on the rear side of the top of the outer vessel 12, That is, they are all located entirely
within a rear sector of the top of the outer vessel 12 of 180 degrees. The supplier or
maintenance personnel control devices (the economizer regulator 40, the pump-out plug 144,
the vacoum gauge port 146, and the vent valve 78) are preferably all located entirely within the
rear raised or lobe portion 200 of the handling ring 22, which in the iHustrated embodiment is a
rear sector of the top of the outer vessel 12 of about 140 degrees. The illustrated supplier or

maintenance personnel control devices (the economizer regulator 40, the pump-out plug 144,
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the vacuum gauge port 146, and the vent valve 78) are all located entirely within a rear sector

of the top of the outer vessel 12 of about 120 degrees.

{6072] The remaining illustrated control devices 30 (the inner vessel pressure gauge 68, the
inner vessel pressure relief device 70 and the inner vessel burst disc 72 are also located at rear
side of the cryogenic fluid cylinder 10 but it is noted that they can be alternatively located at
any other suitable location. The illustrated inner vessel pressure gange 68 s oriented so that
the dial faces forward and a pressure level can be observed from the front side of the cryogenic
fhuid cylinder 10. The illustrated inner vessel pressure relief device 70 is directed in a
horizontal and generally rearward direction so that any release of eryogenie {fuid is unlikely to
engage anyone standing in front of the cryogenic fluid cylinder. The illustrated inner vessel
burst valve 72 is also directed in a generally rearward direction where it is less likely that any
persons will be located during normal operating conditions. The tllustrated liquid level gange
76 s centrally located and oriented so that the dial faces forward and the liquid level can be

observed from the front side of the cryogenic fluid cylinder 10,

{00731 FIG. 24 illustrated an alternative user control arrangement of the top of the eryogenic
fiuid evlinder 10. The user controls are substantially the same as described above but this
arrangement shows that the user controls can have other arrangements that separate the
customer or end user controls from the suppler or maintenance personne! controls, This
arrangement also shows the inner vessel pressure relief device 70 can be oriented so that any
release of eryogenic fluid directly engages the handling ring support 202, The illustrated inner
vessel pressure relief device 70 is directed in a horizontal and laterally outward direction and is
directed directly toward the ring support 202 so that any release of eryogenic fluid divectly
engages the ring support 202. Such a configuration prevents any person located around the

cryogenic fluid cylinder 10 from being directly hit by a sudden release of cryogenic fluid,

[0074] It is noted that cach of the features and variations of the above disclosed embodiments

can be used in any combination with each of the other embodiments.

g
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{75]  From the foregoing disclosnre it is apparent that the eryogenie fluid containers of the
present invention are relatively easy to use and maintain, and are an improvement over prior

cryogenic fluid containers.

[0076] From the foregoing disclosure and detailed description of certain preferred
embodiments, it is also apparent that various modifications, additions and other alternative
embodiments are possible without departing from the true scope and spirit of the present
invention. The embodiments discussed were chosen and described to provide the best
illustration of the principles of the present invention and its practical application to thereby
enable one of ordinary skill in the art o utilize the invention in varions embodiments and with
varions modifications as are suited to the particular use contemplated. All such modifications
and variations are within the scope of the present invention as determined by the appended
claims when inferpreted in accordance with the benefit to which they are fairly, legally, and

equitably entitled.
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WHAT IS CLAIMED IS:

I A cryogenic fluid container comprising, in combination:

an inner vessel for holding cryogenic fluid;

a eylindrically shaped outer vessel having a vertically extending central longitudinal
axis and surrounding the inner vessel and forming an insulating space therebetween;

end user operating controls located on a top of the outer vessel including a liquid-use
valve for selectively dispensing liquid cryogen from the inner vessel, a pressure-building valve
for selectively controlling a pressure building circuil for increasing pressure within the inner
vessel, a gas-use valve for selectively dispensing gaseous cryogen from {he inner vessel; and

wherein each of the end user operating controls are located on a front side of the top of

the outer vessel,

2. The cryogenic fluid container according to claim 1, wherein each of the end user
operating controls are located entirely within a front sector of the top of the outer vesse! of

about 140 degrees.

3. The cryogenic fhuid container according to claim 3, wherein each of the end user
operating controls are located entirely within a front sector of the top of the outer vessel of

about 120 degrees.

4. The cryogenic fluid container according to claim 1, further comprising maintenance
operating controls located on a top of the outer vessel including an economizer regulator for
selectively setting at least one desired pressure of the inner vessel, a vent valve for selectively
venting eryogen fluid from the inner vessel, and a vacuum pressure port for indicating vacuum
pressure between the inner and outer vessels, and wherein each of maintenance operating

controls are located on a rear side of the top of the ouler vessel.
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5. The eryogenic fluid container according o claim 1, wherein each of the maintenance
operating controls are located entirely within a rear sector of the top of the outer vessel of

about 140 degrees.

6. The eryogenic finid container according to claim 3, wherein each of the maintenance
operating controls are located entirely within rear sector of the top of the outer vesse! of about

120 degrees.

7. A vertically-oriented cryogenic fluid cylinder comprising, in combination:

an inper vessel for holding cryogenic fluid,

a cylindrically shaped outer vessel having a vertically extending central longitudinal
axis and surrounding the inner vessel and forming an insulating space therebetween;

operating controls located on a top of the outer vessel;

a handling ring secured to the top of the outer vessel and encircling the operating
controls; and

wherein the handling ring has at least one raised portion for providing additional access
beneath the handling ring to at least some of the operating contrels while protecting the

operating conirols,

8. The cryogenic fluid container according to claim 7, wherein the handling ring is a

obed ring.

9. The cryvogenic fluid container according to claim 7, wherein the handling ring has

iwo opposed raised portions.

10. The cryogenic fluid container according to claim 9, wherein the two opposed raised

portions are located at front and rear sides of the top of the outer vessel,
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11. The cryogenic fluid container according to claim 7, wherein the raised portion is

focated at front side of the outer vessel.

12. A cryogenic fluid container comprising, in combination:

an inner vessel for holding cryogenic fluid,;

a cylindrically shaped outer vessel having a vertically extending central longitudinal
axis and surrounding the inner vessel and forming an insulating space therebetween;

operating controls located on a top of the outer vessel including an economizer
regulator having an adjustment screw for selectively setting at least one pressure level; and

a protective cap covering only a portion of the adjustment screw and configured to

prevent the adjustment screw from being rotated {o adjust the at least one pressure level.

13. The cryogenic fluid container according to claim 12, wherein the protective cap has
a snap-lock connection configured to permit the protective cap to be snapped onto the

adjustment screw and prevented from being snapped off of the adjustment screw.

14. The eryogenic fluid container according to claim 12, wherein the protective cap
freely rotates relative to the adjustment screw to prevent rotation of the adjostment screw

through rotation of the protective cap.

15, A crvogenic fluid container comprising, in combination:

an inner vessel for holding eryogenic fluid;

a eylindrically shaped outer vessel having s vertically extending central longitudinal
axis and surrounding the inner vessel and forming an insulating space therebetween;

operating controls located on a top of the outer vessel;

a pump-out port located in a wall of the outer vessel;

wherein the pump out plug includes a base secured to the outer vessel and having a

passage connecling an interior space of the outer vessel with almosphere about the outer vessel
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and a plug sealing the passage and configured to be released from the passage at a
predetermined pressure within the outer vessel; and

wherein the phug comprises a material which resists galling with the base.

16. The cryogenic fluid container according to claim 15, wherein the material of the

plug comprises one of a face-centered-cubie structure and a hexagonal-close-packed structure.

17. The ervogenic fluid container according to claim 15, wherein the material of the

plug is brass.

18. A eryogenic fluid container comprising, in combination:

an inner vesse!l for holding cryogenic fluid;

a cylindrically shaped outer vessel having a vertically extending central longitudinal
axis and surrounding the inner vessel and forming an insulating space therebetween;

operating controls located on a top of the outer vessel;

a vacuum gauge port assembly located in a wall of the outer vessel;

wherein the vacwum gaage port assembly including a receptacle secured to the wall of
outer vessel and having an interior cavity and a digital vacuum sensor secured within the
mterior cavity of the receptacle and having an electrical connector for removable connection of
an external vacuum gauge display for indicating vacuum within the outer vessel; and

wherein the sensor is exposed to vacuum in the outer vessel through an opening in the

receptacle.

19, The cryogenic fluid container according to claim 18, wherein the sensor closes and

seals the opening.

20. The cryogenic fluid container according to claim 19, wherein the opening is a
threaded opening and the sensor has a threaded portion that cooperates with the threaded

opening to removably secure the sensor within the receptacle and to seal the opening.
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21. The eryogenic {luid container according to claim 18, wherein the receptacle is

partially located within the outer vessel and partially located outside the owter vessel,
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