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DOUBLE-WALLED TANK SUPPORT SYSTEM AND METHOD OF
CONSTRUCTION

CLAIM OF PRIORITY

(00013 This application claims priority to U.S. Provisional Patent Application No.
62/887,795, filed August 18, 2019, the contents of which are hereby incorporated by
reference herein in their entirety.

FIELD OF THE INVENTION

(0002} The present disclosure relates generally o tanks featuring a double-wall
construction with an insulation space between the inner and outer vessels of the tank
and, in particular, to a system for supporting the inner vessel within the outer vessel
of the tank and a method of constructing the supports for such a system.

BACKGROUND

(0003} Cryogenic fluids, that is, fluids having a boiling point generally below -
150°C at atmospheric pressure, are used in a variety of applications, such as mobile
and industrial applications. Cryogenic fluids typically are stored as liquids to reduce
volume and thus permit containers of more practical and economical design {0 be
used. The liquids are often stored in double-walled bulk tanks or containers with a
vacuum between the walls of inner and outer vessels as insulation to reduce heat
transfer from the ambient environment into the cryogenic liguid.

[0004] Proper positioning of the inner vessel within the outer vessel of the tank is
ensured by an inner vessel support system. There are two competing major

requirements for an inner vessel support system: (1) it must be robust enough
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safely secure the inner vessel within the outer vessel in a spaced relationship, and
(2} it must be sublie enough to limit heat input into fluid stored in inner vessel. With
regard to the latter, the inner vessel support system unavoidably will provide heat
transfer pathways from the outer vessel, which is warmed by ambient temperature,
to the inner vessel. This should be minimized, such as by using longer pathways or
pathways with smaller cross sections, as such warming eventually causes liguid
within the inner vessel (o evaporate into vapor, which reduces the hold time of the
tank.

[0005] There are two typical approaches in solving the contradictory
requirements of the inner vessel support system. The first is use ¢f a stainless stes!
inner vessel support system. Because of relatively high thermal conductivity of
stainless steel (15 W/(m.K)), thin, long, narrow hanger straps are often used. Such
structures are complicated, however, and cause [ocal stress peaks at the support
attachments. Alternative configurations of the support system include a skirt support
or cone support which eliminate local stress concentrations but usually have higher
thermal conductivity and then worse thermal performance.

100086} The second common approach for addressing the contradictory
requirements of an inner vessel support system is the use of fiberglass supports.
Fiberglass is & common type of fiber-reinforced plastic using glass fiber. Typical
thermal conductivity is 0.4 WiH{m-K}). As thermal conductivity is approximately 40
times lower than thermal conductivily of stainless steel, the fiberglass supports can
be shorter than metallic supports. Disadvantages of fiberglass supports include lack
of tensile or shear strength, the lack of solid/welded conneclions and low mechanical

properties at high temperature.
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SUMMARY
(0007} There are several aspects of the present subject matter which may be
embodied separately or together in the devices and systems described and claimed
below. These aspects may be employed alone or in combination with other aspects
of the subject matter described herein, and the description of these aspects together
is not intended to preciude the use of these aspects separaltely or the claiming of
such aspects separately or in different combinations as set forth in the claims
appended hereto.
1o008] In one aspect, a liguid storage tank includes an cuter vessel and an inner
vassel positioned within the outer vessel. The inner vessel has an interior storage
space configured to coniain a liguid. An inner vessel support is configured {0
support the inner vessel within the outer vessel so that an insulation space is defined
between the inner and outer vessels. The inner vessel support features a non-
homogenecus structure that is formed using three-dimensional printing.
(0009} in another aspect, an inner vessel support for a double-walled liquid
storage tank includes a non-homogeneous structure that is formed using three-
dimensional printing.
(0010} in siili another aspect, a method of constructing a double-walled liguid
storage tank includes the steps of forming an inner vessel support having a non-
homogenecus structure using three-dimensional printing, fastening the inner vessel
support to an inner surface of an outer vessel, positioning an inner vessel within the
outer vessel 5o that an cuter surface of the inner vessel is supporied by the inner
vessel support and fastening the outer surface of the inner vessel {o the inner vessel

support.
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BRIEF DESCRIPTION OF THE DRAWINGS

(00111 in describing the preferred example embodiments, references are made
to the accompanying drawing figures wherein like parts have like reference
numerals, and wherein:

(0012} Fig. 1A is an end elevaiional schematic view of a cryogenic fluid storage
tank including an embodiment of the inner vessel support system of the disclosure;
[06013] Fig. 1B is a side elevational schematic view of the cryogenic fluid storage
tank of Fig. 1A;

[0014] Fig. 2 is an enlarged partial perspective view of a portion of an inner
vessel support in a first embodiment of the inner vessel support system of the
disclosure;

(0015} Fig. 3 is an enlarged partial perspective view of a portion of an inner
vassel support in a second embodiment of the inner vessel support sysiem of the
disclosure;

(00186} Fig. 4 is an enlarged partial perspective view of a portion of an inner vessel
support in a third embodiment of the inner vessel support system of the disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

100177 A cryogenic storage tank incorporating an embediment of the inner vessel
support system of the disclosure is indicated in general at 10 in Figs. 1A and 1B.
(0018} it should be understood that while the technology is described below with
regard to a metallic inner vessel support system of a double-walled cryogenic fluid
storage tank, the technology may be applied {o alternative types of tanks or
containers and may use supports constructed of non-metallic maieriais.

[0019] The tank 10 includes an outer vesse| or jacket 12 within which is

positioned an inner vessel 14, The inner vessel features an interior storage space
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15 configured to receive and hold a supply of cryogenic liquid 17. As will be
described in greater detail, the inner vessel is supported within the outer vessel so
that an insulation space 18 is provided between the inner and outer vessels. The
insulation space 16 may vacuum insulated or at least partially evacuated of air so
that heat transfer from the ambient environment surrounding the outer vessel to the
inner vessel and its contents is limited. In allernative embodiments, the insulation
space 16 may be filled with insulation material.

(00201 As is known in the art, an culer vessel support system, including saddle
supports 22a and 22k, may be used to support the tank 10 on a surface or otherwise
mount the fank.

[oo21} In an embodiment of the disclosure, an inner vessel support system
includes a number of inner vessei supports, indicated in general at 24. While four
supports are illustrated in Figs. 1A and 1B (with three being visible), the system may
use an alternative number of inner vessel supports, and even a single inner vessel
support positionad under the inner vessel 14, Furthermore, the positions and
shapes of the inner vessel supports 24 are presented as examples only, with
alternative shapes and positions being used.

(0022} In the embodiment illustrated in Figs. 1A and 1B, each inner vessel
support 24 preferably includes an inner mouniing plate 26a that is shaped sc as to
accommodate the shape of the outer surface of the inner vessel 14. Each inner
vessel support also preferably includes an cuter mounting plate 26b that is shaped
s¢ as o accommodate the shape of the inner surface of the outer vessel 12.
Sandwiched between the inner and outer mounting plates 26a and 26b is one or
more support layers 28. The inner and outer mounting plates 26a and 26b may be

secured to the inner and outer vessels, respectively, and to the support layer(s) 28
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using fastening arrangements know in the art, such as welding, adhesives,
fasteners, etc. In alternative embodimenis, the inner and ouier mounting plates 28a
and 26b of Fig. 1 may be omiited with the support layer(s) being directly fastened to
the inner and outer vessels using the fastening arrangements known in the art.
(0023} in an embodiment of the disciosure, stainless steel (or ancther meial) is
used to create an inner vassel support having a non-homogenous structure which
combines the beneficial properties of stainless stesl and the beneficial properties of
fibergiass. The non-homogeneocus structure features cells or is porous so that the
structure material doesn’t fill the entire volume of the inner vessel support struciure.
As aresult, the effective cross sectional area of the inner vessel support is very low,
which significantly decreases heat flow through support. Nevertheless, the material
distribution in the siructure is designed to ensure that the total stiffness and rigidity of
the inner vessel support meet the requirements necessary {0 securely position the
inner vessel within the outer vessel. As will now be described, there are several
structures for the inner vessel support that may accomplish this.

[0024] in a first embodiment, the inner vessel support includes a metallic
honeycomb structure, indicated in general in Fig. 2 at 32. The structure includes a
number of walls 34 that form cells 36 that are open at the top and bottom. While
each cell 36 in Fig. 2 features a hexagonal cross sectional shape, the honeycomb
structure may feature cells having aliernative cross sectional shapes including, but
not limited to, round, square, triangular, pentagonal, etc. In addition, while flat or
planar walils 24 are fllustraied in Fig. 2, the walis may alternatively be curved or
feature other shapes and contours.

10025] The honeycomb structure 32 of Fig. 2 may form the support layers 28 of

the inner vessel supports 24 of Figs. 1A and 1B, with the walls 34 extending

83
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generally perpendicular, and mounted, to the inner and outer mounting plates 26a
and 26b. Alternatively, the honevcomb structure of Fig. 2 may form the entire inner
vassel support, with the walls 34 extending generally perpendicular, and mounted
directly, to the cuter and inner vessels 12 and 14.

(0026} in a second embodiment, the inner vessel support inciudes a metaliic
lattice structure, indicated in general in Fig. 3 at 42. The structure includes a number
of struts 44 that form celis 46 that are open at the top, bottorm and sides. While sach
cell 46 in Fig. 3 features a cubic cross sectional shape, the lattice structure may
feature celis having alternative cross sectionai shapes. In addition, while straight
struts 44 are illustrated in Fig. 3, the struls may allernatively be curved or feature
other shapes and contouwrs.

(0027} The lattice structure 42 of Fig. 3 may form the support layers 28 of the
inner vessel supporis 24 of Figs. 1A and 1B, with the ends of perpendicular struts,
and the sides of parallel struts, mounted to the inner and ouler mounting plates 26a
and 26b. Alternatively, the latlice structure of Fig. 3 may form the entire inner vessel
support, with the ends of perpendicular struts, and the sides of parallel struts,
mounted directy to the outer and inner vessels 12 and 14,

[0028] in a third embodiment, the inner vessel support includes a metallic
porous structure, indicated in general in Fig. 4 ai 52. The pores may be open or
some of the pores may be sealed within the structure material. The porous structure
&2 of Fig. 4 may form the support layers 28 of the inner vesssl supports 24 of Figs.
1A and 1B, with the porous siructure mounted (o the inner and outer mounting plates
28a and 26b. Alternatively, the porous structure of Fig. 4 may form the entire inner
vessel support, with the porous structure mounted directly to the outer and inner

vessels 12 and 14.



WO 2021/034692 PCT/US2020/046448

(00291 Non-homogeneous structures other than those Hllustrated in Figs. 2-4 may
be used in alternative embodiments of the inner vessel supports.

(0030} Use of traditional manufacturing technologies to produce the structures of
Figs. 2-4, and other non-homogeneous structures, is impractical. In accordance with
the disciosure, metal three-dimensional (3D) printing technology is used for
manufacturing the desired non-homogenaous structures.

100311 As noted previously, the technology of the disclosure is not limited to use
in cryogenic tanks or containers, but instead i can also be usad in other fields were
high stiffness and low thermal conductivily at the same time are required for the
inner vessel support system of a double-walled tank or container.

(0032} While the preferred embodiments of the disclosure have been shown and
described, it will be apparent to those skilled in the art that changes and
modifications may be made therein without departing from the spirit of the disclosure,

the scope of which is defined by the following claims.
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CLAIMS

What is claimed is;

1. A liguid storage tank comprising:
a. an outer vessel;
a. an inner vessel positicned within the cuter vessel, said inner vessel

having an interior storage space configured to contain a liquid;

c an inner vessel support configured to support the inner vessel within
the outer vessel so that an insulation space is defined between the
inner and outer vessals;

d. said inner vessel support featuring a non-homogeneous structure that

is formed using three-dimensional printing.

2. The liquid storage tank of claim 1 wherein the insulation space contains a
vacuuim.
3. The liguid storage tank of sither claim 1 or 2 wherein the non-homogeneous

structure includes a metallic material

4, The liguid storage tank of claim 3 wherein the metallic material is stainless
steel.
5. The liquid storage tank of any one of claims 1 through 4 wherein the inner

vessel support includes an inner mounting plate fastened {o the inner vessel, and

outer mounting plate fastened to the outer vessel and a support layer including the
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non-homogeneous structure positioned between and fastened to the inner and ouler

mounting plates.

8. The liquid storage tank of any one of claims 1 through 5 wherein the non-

homogeneous structure includes a honeycomb structure.

7. The liguid storage tank of any one of claims 1 through 5 wherein the non-

homogenecus structure includes a lattice structure.

8. The liquid storage tank of any one of claims 1 through 5 wherein the non-

homogenous structure includes a porous structure.

9. The liguid storage tank of claim 1 wherein the non-homogeneous struciure is

mounted directly to the inner and outer vessels.

10.  An inner vessel support for a double-walled liquid storage tank comprising a

nor-homogeneous struciure that is formed using three-dimensicnal printing.

11, The inner vessel support of claim 10 wherein the non-homogeneous siructure

includas a metallic material,

12.  The inner vessel support of claim 11 wherein the metallic material is stainiess

steel

10
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13.  The inner vessel support of any one of claims 10 through 12 further
comprising an inner mounting plate configured to be fastened o the inner vessel,
and outer mouniing plate configured {0 be fasiened to the outer vessel and a support
layer including the non-homogeneous structure positioned between and fastened (0

the inner and outer mounting plates.

14. The inner vessel support of any one of claims 10 through 13 whersin the non-

homogenecus structure includes a honeycomb structure.

15. The inner vessel support of any one of claims 10 through 14 wherein the non-

homogensous structure includes a lattice structure.

16. The inner vessel support of any one of claims 10 through 15 wherein the non-

homogeanous structure includes a porous struciure.

17. A method of constructing a double-walied liquid storage tank comprising the

steps of:

a. forming an inner vesseal support having a non-homogensous structure
using three-dimensional printing;

b. fastening the inner vessel support to an inner surface of an outer
vassel

C. positioning an inner vessel within the outer vessel so that an outer
surface of the inner vessel is supported by the inner vessel support;

d. fastening the outer surface of the inner vessel to the inner vessel

support.

11
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18. The method of claim 17 wherein the non-homogenecus structure is formed

from metal
19.  The method of gither one of claims 17 or 18 wherein the non-homogenous
struciure is selected from the group consisting of a honeycomb structure, a lattice

structure and a porous structure.

20.  The method of any one of claims 17 through 19 further comprising the step of

gvacuating air from an insulation space formed between the inner and outer vessels.

12
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