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TANK CONSTRUCTION FOR LIQUIFIED
AND/OR COMPRESSED GAS

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

by reissue,

This invention relates to the storage and transporta-
tion of liquified and/or compressed gas (hereinafter
referred to simply as “liquified gas”) in a cargo tank-
ship, and more particularly to an apparatus for support-
ing the cargo tank in the hull structure of the vessel.

The safe and efficient storage of liquified natural gas,
as for example, liquified methane at —260° F, has pres-
ented numerous problems to the shipbuilding industry.
These problems arise from various sources, and in par-
ticular form the static and dynamic movements, deflec-
tions, and deformations of the vessel structure in re-
sponse to cargo loading and wind and wave forces, as
well as from stresses produced by the extreme tempera-
ture variations in the tank during loading and unload-
ing, which extremes cause severe thermal expansions
and contractions of the tank structure. The various
stresses produced by these forces are transmitted be-
tween the vessel hull structure and the tank through the

supporting system for the tank.
Because of these severe problems certain regulatory

and classifications agencies not maintain specific regula-
tions with regard to the marine transportation of liqui-
fied gas. As a result, numerous special mounting sys-
tems have previously been proposed for shipboard ap-
plication to liquified gas carriers in order to conform to
these regulations and to safely and efficiently transport
this type of cargo. One such method presently in use is
to contain the liquified gas in a double walled tank,
which tank system is resiliently supported in the vessel
to minimize transferences of stresses from the hull struc-
ture to the tank itself and to accommodate small relative
motions between the hull and tanks, or caused by tem-
perature and strain differences. Such arrangements are
excessively expensive to build in that duplicate tank
systems are required and the supporting structure is
relatively complex. Further, construction of the tank is
complicated by the fact that the outer tank must be built
around the inner tank, and once the tank walls are com-
pleted, certain of the weld seams of the structure may
not be inspected and tested.

Other known methods of transporting liquified gas on
a vessel include the so-called “integrated” or membrane
tank structure wherein the cargo tank is constructed of
light or thin material not intended to be loaded appre-
ciably mn its own plane, and which contains the cargo by
transmitting the cargo pressure normally (perpendicu-
lar to the membrane) to the hull structure. Such tank
structures are double walled (primary cargo barrier plus
secondary barrier) cargo containing systems. Still other
liquified gas containment systems are such that the sec-
ondary or emergency backup cargo tank is made an
integral part of the ship hull itself and the primary cargo
tank i1s independent of the ship’s hull, but supported by
the hull.

It should be noted that all of the liquified gas contain-
ment systems discussed thus far are made up of a pri-
mary barrier (or cargo tank which contains the lading
during normal operating conditions) and a secondary
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barrier, external to the primary barrier. The secondary
barrier is provided and designed so that it should be able
to safely contain the contents of the primary barrier in
the event of failure of the primary barrier, thus protect-
ing the ship’s hull from brittle fracture. Such dual sys-
tems are difficult to build and require inordinate
amounts of time spent at the building dock or way to
accommodate the tank construction. Further, variations
in the mounting structures and the specific dimensions
and the various mounting connections cause eccentric
and uneven forces to be applied to the tank, thereby
producing undesirable stress concentration therein.
These stresses substantially increase the dangers of
structural failure of the tank. The concentrated stresses
are generally located at an interface between the tank
and the support structure, and the generally eccentric
connections between the tank and the supporting struc-
ture result in uneven forces applied to the tank and in
uneven areas of stress concentrations within the tank
wall. Because of these stress concentrations a leak or
puncture in the tank wall may well result in immediate
catastrophic failure of the tank. If the cargo being car-
ried is a liquified gas, such a failure would release the
liqguid into the hull, causing an almost immediate brittle
failure of the hull structure, were it not for the presence
of the secondary barrier which contains the leakage and
protects the hull.

Accordingly, it is an object of the present invention to
transport liquified gas in a marine vessel which 1s rela-
tively simple and inexpensive in construction.

Another object of the invention 1s to transport ligui-
fied gas in a single walled pressure vessel type tank,
without the need for a liquid containing secondary bar-
rier, but with a liquid deflecting thermal spray shield.

Another object of the invention s to predetermine the
stresses to which all parts of a cargo tank for liquified
gas are subjected during all service conditions and
modes of operation.

It is another object of the invention to provide an
integrated transportation system (of ship’s hull and
cargo tank) for liquified gas in which the stresses to
which the system is subjected are accurately predeter-
mined in those areas which influence cargo contain-
ment. |

Yet another object of the invention i1s tO0 minimize
stress concentrations within the walls of the cargo tank.

Another object of the invention is to predetermine the
probability of occurrence of, the maximum size of, and
the growth rate of defects or flaws, such as hairline
weld cracks, in the tank system, and by the use of frac-
ture mechanics, ascertain and ensure that any such de-
fects or flaw possible in the tank system may not lead to
major or catastrophic failure of the tank without such
failure having been [preceeded] preceded by a very
lengthy period of minor, slow gas discharge and local
liquid spray from the point of inception of the defect or
flaw.

An object of the invention is to ensure, through the
determinate integration of (1) tank system stress analy-
sis, (2) tank system material fracture mechanics analysis,
and (3) tank system guality control, that the liquified gas
containment system s a “fail safe” or “leak before cata-
strophic failure” type system.

In accordance with an aspect of this invention, a
cargo tank is provided with an integral annular ring
forming a section of the tank, preferably in the equator-
ial plane thereof. The ring is wider than the tank walls
and accordingly a portion thereof extends outwardly
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from the outer surface of the remainder of the tank. This
extension portion is adapted to be secured to a founda-
tion structure, integrally connected to the hull struc-
ture, to provide support for the tank and to minimize
and substantially eliminate the concentration of stresses
in the walls of the tank itself. By the accurate and gener-
ally tangential securement of the foundation structure
to the pressure vessel cargo tank, the stresses within the
tank may be accurately predetermined with the utihiza-
tion of such known factors as the static and dynamic
forces to which the tank is subjected during an ocean
voyage, such that the tank and interface structure may
be selected so that the tank will merely gas leak and
then liquid spray leak if the wall is cracked, while, due
to the stress determinacy of the tank system, the possi-
bility of catastrophic failure is eliminated. This analysis
may be made before construction of the tank and inter-
face structure begin so that the interface structure may
be fabricated in an area removed from the point of
assembly of the vessel and tank may later be integrated
into the tank and vessel. The accurate securement and
positioning of the ring or interface structure with re-
spect to the foundation support system also permits the
predetermined forces to be used to calculate the stress
patterns within the interface structure so that the entire
support system can be designed to produce minimum
stress concentration within the interface structure and
the tank itself.

Since a single walled vessel is utilized as a cargo tank,
and since the interface structure and the foundation are
relatively simple members and are constructed to facili-
tate non-destructive testing of the tank, foundation and
connections therebetween, whereby the stress to which
the tank and support structure will be subjected can be
readily determined and documented, the safety require-
ments of the various regulatory bodies are met and no
outer gross liqguid containing secondary barrier type
safety tank is required.

A liquid spray protector is installed between the
cargo tank and those parts of the adjacent hull struc-
tures which could be sub-cooled by spray gas or spray
liquid leakage from a minor defect, such as a crack, in
the tank. This protector is installed so as to deflect
sprayed cargo liquid downward and inboard to the tank
top below the cargo tank, from whence liquid accumu-
lations are removed.

The above, and other objects, features and advan-
tages of this invention, will be apparent in the following
detailed description of illustrative embodiments thereof
which embodiments are to be read in connection with
the accompanying drawings wherein:

FIG. 1 is a perspective view of a ship of a type In
which the present invention may be employed;

FIG. 2 is a schematic view partly in section taken on
lines 2—2 of FIG. 1 showing one embodiment of the
tank support system utilizing interface structure in ac-
cordance with the present invention;

FIG. 3 is a sectional view taken on lines 3—3 of FIG.
Z;

FI1G. 4 is a view, similar to FIG. 2, of another embodi-
ment of a tank support system adapted to use an inter-
face structure in accordance with the present invention;
and

FIG. 5 is a schematic diagram illustrating a refrigera-
tion system adapted for use in conjunction with the
present invention.

FIG. 6 is a longitudinal sectional view taken on lne

6—6 of F1G. 1.
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Referring to the drawing in detail, and initially to
FIG. 1 thereof, it will be seen that a ship 10, of the type
in which the present invention may be employed, con-
tains five spherical tanks 12 of which are mounted in the
ship’s hull and which are adapted to contain liquified
gas, such as for example methane, ethylene, propane
and chlorine. It is noted that while in the illustrative
embodiment of this invention, only five tanks 12 have
been illustrated, it is contemplated that more or less of
such tanks may be provided in making vessels to meet
varying operational requirements.

Tanks 12 are formed by plate construction, preferably
by utilizing full penetration welding which is readily
subjected to non-destructive testing. Such tanks are
readily fabricated to the high standards required in the
shipbuilding industry and they may constitute pressure
vessels which may be adapted to contain liquified gas at
moderate pressures, as for example a few atmospheres.

Tanks 12 are directly mounted to hull 14 of ship 10 by
foundation skirt structure 16 which is joined to tank 12
by means of an interface structure 18, more fully de-
scribed hereinafter. Skirt 16 is formed of a plurality of
plates welded together, again preferably by full penetra-
tion welding, to form an integral annular support struc-
ture which is welded at its top edge 20 to interface
structure 18 at approximately the equatorial plane of
tank 10. Opposed edge 22 of skirt 16 is welded directly
to hull structure 24 of ship 10 and thus an integral struc-
ture is formed including hull structure 24, skirt 16 and
tank 12.

In the preferred embodiment of the present invention
a spherical tank is used since the volumetric efficiency
of the tank is at a maximum as compared to the other
tanks, and since the tank occupies a minimum amount of
space in the ship’s hull.

Interface structure 18, more clearly illustrated in
FIG. 3, comprises an annular ring 30 positioned at the
equatorial plane of tank 12 and is welded at its opposed
edges 32 and 34 to beveled edges 35 and 37 of upper and
lower hemispherical tank wall 36 and 38 respectively.
The inside surface 40 of ring 30 is aligned with the
inside surface 39 of hemispheres 36 and 38 and forms an
integral part of the tank itself. Ring 30 is substantially
wider than tank section 36 and 38 whereby its outer
surface 42 extends substantially beyond the outer sur-
face 44 of tank sections 36 and 38. In this manner an
extension portion 46 is provided which has a lower
surface 48 that is welded, preferably by full penetration
welding, to beveled upper edge 20 of skirt 16 to provide
complete support of tank 12 throughout its entire pe-
ripheral extent.

During construction, tank sections 36 and 38 are
joined to annular ring 30 and annular welds 52, 54 there-
between are readily tested and proved, the tank is
mounted on foundation skirt 16 and secured thereto by
weld 56, which is thereby positioned for non-destruc-
tive testing and inspection.

The support system thus formed by interface struc-
tures 18 of the present invention is stress determinant,
that is, since tank 12 is integrally secured to hull struc-
ture 24 of ship 10, the stresses transferred between the
tank and hull structure, due to the stresses to which the
ship is subjected and to the thermal stressed produced in
the loading and unloading the tank 12, may be accu-
rately determined. The accurate determination of the
stresses is achieved due to the accurate and specific
connection of the skirt of the interface structure of the
tank. Specifically, since the point of connection of skirt
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16 with interface structure 30 is accurately known and
since it is substantially tangential to the tank itself, the
stresses to which that tank will be subjected may be
accurately determined prior to installation of the tank
within the ship. Thus, the tank and its support system
may be accurately designed to transmit minimum
stresses to the tank itself so that in the event of a tank
leak, catastrophic failure thereof will not occur.

The integral connection of skirt 16 with the ship’s hull
also provides added rigidity to the hull, thereby increas-
ing the hull’s capability to withstand torsional and rota-
tional loads due to wind and wave forces and thereby
also decreasing the stresses transmitted to tank 12.
However, the relatively large height of skirt 16 pro-
vides a degree of elastic stress distribution which is
beneficial for structural response to hull movement.

Further, due to the accurate connection between skirt
16 and interface structure 30, the stress levels and varia-
tions resulting from thermal movement, i.e. thermal
contractions and expansions of the tank during loading
and unloading may also be accurately determined and
designed for. By the use of the stress determinant tank
and support system of the present invention, it 1s possi-
ble to accurately document the stress levels of the struc-
ture so that the safety requirements of the various inter-
national shipbuilding regulatory bodies, and in particu-
lar the normal requirements concerning the need for a
second protective tank can be satisfied, and such a sec-
ond liquid containing tank may be eliminated in favor of
a minor spray protection system.

Ring 30 is provided with groove 58 which extends
circumferentially about the lower portion of the ring
and defines the location of extension 46. Groove 58 may
have a variety of shapes and the preferred shape is de-
termined by performing a stress analysis to calculate the
expected locations and amplitudes of stress within ring
30. The specific configuration of the groove is deter-
mined to provide a minimum of stress concentration
within ring 30 and a minimum of stress transferral from
skirt 16 to tank 12, In the preferred embodiment the
optimum shape of groove 58 is semi-elliptical and open-
ing away from the interface structure. It should be
noted, however, that since the shape of ring groove 58
is determined from an analysis of the forces on the ring,
the optimum shape of this groove may vary as the di-
mensions and design of ring 30 changes. For example,
different forces may be applied to ring 30 if either the
shape of the tank or skirt is changed. It is also noted that
the outer surface 44 or ring 30 may be evenly beveled
throughout its circumferential extent from a point 435 to
the surface of hemisphere 36, thereby to provide
smooth stress transmittal between the two members,
and prevent stress concentration.

While skirt 16 has been described as a generally cylin-
drical member secured to the lower portion of hull
structure 24, it is contemplated that other structural
arrangements may be utilized to advantage with the
interface structure of the present invention. For exam-
ple, as illustrated in FIG. 4, a skirt 60 is provided which
is secured along one edge 62 thereof to interface struc-
tures 18’ at approximately the equatorial plane of tank
12. However, in this embodiment, skirt 16 is generally a
frustro-conical member having its base edge 64 secured
to the upper areas 66 of hull structure 24, so that the
tank 12 is suspended from the hull structure rather than
seated thereon as is the case in the prior embodiment.
Interface structure 18’ in this embodiment is substan-
tially the same as interface structure illustrated in FIG.
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3 except that the structure is inverted, 1.e. groove 58
opens upwardly so that and surface 48 of extension 46
are presented upwardly for connection with skirt 16,
and in frustro-conical shape rather than a cylindrical

shape.
While the above described interface structures have

been illustrated for use in conjunction with generally
spherical tanks, it is noted that the present invention 15
not limited to that particular construction and that the
interface structure of the present invention applies
equally well to tanks formed of/or combinations of
various shapes, and in particular to tanks having curvi-
linear peripheral wall portions, such as cylindrical, con-
ical, elliptical or even egg-shaped tanks. In any of these
case skirt 16 will be secured to the interface structure as
aforesaid and its configuration will be in conformity
with the configuration of the associated tank.

Loading of each of the tanks 12 in the previously
discussed embodiments may be initiated by spray noz-
zles (not shown) which are adapted to spray the interior
surfaces of the tank with liquified gas before the bulk of
the cold liquid is introduced. In this way the tank 1s
slowly cooled in order to eliminate any possible failures
by thermal shock by contact of the extremely cold
liquified gas with the tank walls which are at ambient
temperatures. Referring to FIG. § of the drawings, a
refrigeration system which is utilized to control the
temperature of the gas after loading, is illustrated. As
seen therein, two refrigeration systems 70, 72 either or
both of which may be used in a ship constructed in
accordance with the present invention, are provided.

System 70 utilizes the evaporation of liquified gas in
tank 12 to keep the gas at a low temperature. In this
system, as the liquified gas evaporates within tank 12 it
absorbs heat of vaporization from the surface of the
enclosed liquid, thus maintaining the low temperature
of the liquid therein. After evaporation, the gas is dis-
charged from tank 12 either through pressure relief
valve 74 in discharge line 76 to the atmosphere or
through gas control valve 75 in discharge line 76 to the
ship’s boilers or propulsion system 78, for use as fuel
therein. The evaporating gas absorbs enough heat in
this system to cool the liquified gas to a temperature
below its condensation temperature.

The second refrigeration system 72 which may be
employed to refrigerate the liquified gas within the tank
12 requires utilization of a two or three stage refrigera-
tion system 80. The evaporated gas within 12 is with-
drawn from the top thereof, through valve 18, liquified
by the refrigeration system, and returned to the tank
through valve 83. As seen in the drawing, the vaporous
gas is taken from the top of tank 12 through conduit 76
and 82 to the two stage refrigeration system 80, which
may be of conventional construction, and which con-
verts the vaporous gas back to its liquid phase. The
resulting liquid is then returned to tank 12 through line
84. Since this refrigeration system requires relatively
heavy, complex, and expensive equipment, it is utilized
only for the more expensive gases such as ethylene,
which gases do not require the extremely low tempera-
tures (as for example less that — 160° F) that are neces-
sary to maintain other gases in their liquid state.

Normally liquified gas within tank 12 wili be un-
loaded through conduit 86 by pump 88, while gas vapor
is returned from shore through conduit 100 to maintain
a positive pressure in the tank as liquid is removed.
However, in case of failure of pump 88, alternative
methods are available for unloading. In one of these
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methods gas is drawn from another cargo tank or from
ashore through conduit 90 and pumped through com-
pressor 92 into the cargo tank through conduit 94, Al-
ternatively, liquid may be withdrawn from another
cargo tank or from ashore through conduit 96, vapor-
1zed 1n heat exchanger 98 and passed through the com-
pressor to the cargo tank. Both of these systems pressur-
1ze the tank several atmospheres and force the liquified
gas out of the tank through conduit 86. Heater 98 may
also be utilized during normal loading and unloading
operations to prevent the formation of a vacuum in the
tank as hiquified gas 1s unloaded, thereby maintaining at
least a pressure balance on either side of the tank with
the atmosphere.

Although illustrative embodiments of the invention
have been described herein with reference to the ac-
companying drawings, it i1s to be understood that the
invention is not limited to those precise embodiments
and that various changes and modifications may be
effected therein by one skilled in the art without depart-
ing from the scope or spirit of this invention.

What is claimed is

1. In a cargo tank having at least one curvilinear periph-
eral surface and being adapted to contain liquified gas
Land which is]}, said tank being mounted by a support-
ing structure extending tangentially to the tank in a
marine vessel for transportation thereby or for storage,
means for connecting said tank to said [support] sup-
porting structure, comprising, a one piece peripheral
support member ntegral with and forming an annular
portion of said tank [and] at said curvilinear peripheral
surface, said support member having [a} an inner sur-
face which forms a portion of the inner surface of the tank
and an extension portion extending beyond said tank for
operative connection with said [support] supporting
structure tangentially of the tank,; said supporting struc-
ture comprising an integral skirt having opposed ends re-
spectively rigidly secured to said extension portion of the
support member and to the hull structure of the vessel,
thereby eliminating the need for the secondary barrier
normally used with LNG cargo tanks.

[2. Apparatus as in claim 1 wherein said cargo tank
has at least one curvilinear peripheral surface and said
support member is located at said surface. }

3. Apparatus as in claim [2]} 7 wherein said cargo
tank is a sphere[[, said supporting structure is an inte-
gral skirt secured to the hull structure of said vessel
and said support member comprises an annular ring][[,
one surface of which forms a portion of the wall of the
tank].

4. Apparatus as in claim [2} / wherein said support
member has a groove therein, said groove extending
parallel to the adjacent periphery of said tank and defin-
ing [a] said support member extension [adapted to
be ] portion rigidly secured to said [support] supporting
structure.

S. Apparatus as in claim [2] ! wherein said cargo
tank is a sphere[, said supporting structure is an inte-
gral skirt secured to the hull structure of said vessel}
and said support member comprises an annular ring
Lhaving] including said extension portion, which exten-
sion portion is integral with said support member and
comprises an integral annular support extension substan-
tially parallel to the adjacent peripheral surface of said
tank, said annular support extension providing a support
surface for operative end abutting connection with one
end of said [support structure] skirt and being posi-
tioned in a predetermined spaced location with respect
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to the remainder of said support member and said tank
whereby stresses in said tank are adapted to be predeter-
mined.

6. Apparatus as in claim § wherein said tank is a pres-
sure vessel of plate construction and said support mem-
ber is an independent annular member welded to said
tank and forming a portion thereof.

7. Apparatus as in claim 6 wherein said support mem-
ber i1s located at the equatorial plane of said cargo tank.

8. Apparatus as in claim § wherein said extension is
defined by an annular groove formed in said support
member along a path generally parallel to said tank.

9. Apparatus as in claim 8 wherein said groove has a
generally semi-elliptical cross-sectional configuration,
said semi-elliptical groove opening away from said sup-
port member.

10. Apparatus as in claim 8 wherein said support
member includes an annular surface beveled towards
said tank.

11. In a cargo tank having at least one horizontal
circular dimension and adapted to contain liquified gas,
which tank is mounted by a supporting structure, ex-
tending tangentially of said tank, on a marine vessel
having refrigeration means associated therewith for
maintaining said gas in its liquid phase, means for con-
necting said tank to said support structure, comprising a
one piece horizontal annular section of said tank having
an exterior dimension and section which defines an
extension located in tangential relation to said tank for
operative end abutting connection to said [support
member] supporting structure; said supporting structure
comprising an integral skirt having first and second op-
posed ends, with said first end thereof rigidly connected to
said extension and said second end rigidly connected to the
hull structure of the vessel; thereby eliminating the need for
the secondary barrier normally used with LNG cargo
tanks.

12. Apparatus as in claim 11 wherein said horizontal
annular section comprises an annular ring welded to the
remainder of said cargo tank.

13. Apparatus as in claim 12 wherein said ring 1in-
cludes an annular groove adjacent the periphery of said
tank, said groove defining said extension.

14. Apparatus as 1n claim 13 wherein said groove has
a semi-elliptical configuration, and said configuration
opens away from said ring.

15. In a cargo tank adapted to contain liquified gas
and which 1s mounted by a supporting structure, ex-
tending tangentially of said tank, on a marine vessel for
transportation thereby, or for storage, means for con-
necting said tank to said support structure comprising a
one-pitece peripheral support member integral with and
forming a portion of said tank, said support member
having a greater width than adjacent sections of said
tank whereby a portion of said support member extends
beyond and in tangential relation to said tank for opera-
tive end abutting connection with said [support] sup-
porting structure, said supporting structure comprising an
integral skirt having first and second opposed ends, with
said first end thereof rigidly connected to said extension
and said second end rigidly connected to the hull structure
of the vessel

16. In a cargo tank having at least one horizontal
circular dimension and adapted to contain liquified gas,
which tank is mounted by a supporting structure, ex-
tending tangentially of said tank, on a marine vessel
having refrigeration means associated therewith for
maintaining said gas [at] in its liquid phase, means for




Re. 29,424

9

connecting said tank to said [support] supporting struc-
ture comprising a one piece horizontal annular section
of said tank having an interior dimension substantially
equal to the interior dimensions of adjacent portions of
said tank and having an exterior dimension greater than
the exterior dimensions of adjacent portions of said tank
whereby said tank section defines an extension located
in tangential relation to said tank for operative end
abutting connection to said support member.

17. In a marine vessel for transporting or storing liquified
gas and having a hull structure, a spherical tank adapted
to contain liguified gas, an annular skirt tank supporting
structure having upper and lower edges and a diameter
slightly larger than the diameter of said tank, said lower
edge of the skirt being rigidly secured to the hull of said
vessel; said tank including a one piece horizontal annular
section for connecting the tank to the upper edge of said
skirt, said annular section having an interior dimension
substantially equal to the interior dimensions of adjacent
portions of the tank to define a substantially smooth unin-
terrupted inner surface in the tank and also having an
exterior dimension which is greater than the exterior di-
mensions of adjacent portions of the tank, whereby a por-
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whereby said tank is supported by said skirt on the hull of
the vessel through rigid connections and the stresses lo
which the tank and annular section will be subjected can be
predetermined.

18. In a tank for liquified gas having at least one hori-
zontal curvilinear dimension and being adapted to contain
liqguefied gas, which tank is mounted by a supporting struc-
ture extending tangentially of said tank on a marine vessel
for transportation or for storage thereby, means for con-
necting said tank to said supporting structure comprising a
one piece peripheral support member integral with and
forming a portion of said tank, said support member hav-
ing an inner surface forming a portion of the inner surface
of the tank and forming a continuous extension of adjacent
portions of the tank, said adjacent portions of the tank on
opposite sides of said support member being in alignment
with each other to define a substantially smooth inner
surface in the tank at the support member; said support

o Mmember having an outer surface and a width dimension

between said inner and outer surfaces that is greater than
the width dimension of adjacent sections of the tank
whereby said support member defines a support extension

tion of said annular section extends beyond the exterior of ~ Portion fﬂ"—‘j’*‘f‘?d ourwr::rd!y of any adjacent portion | of the
adjacent portions of the tank, said annular section also 25 'ank and in tangential relation thereio Jor operative end

having an annular downwardly opening groove formed
therein located exteriorly of the tank to define an exterior
extension portion of the annular section located in tangen-
tial relation to the tank, said exterior extension portion

abutting connection with said supporting structure, said
support member also having an annular semi-elliptical
groove formed therein adjacent the periphery of said tank,
opening away from the support member and towards the

being rigidly connected in end abutting relation to said 30 supporting structure.

upper end of the annular skirt tank supporting structure,

35

45

30

53

65

*x & x % 3



	Front Page
	Drawings
	Specification
	Claims

