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[57] ABSTRACT

A ship having self-supporting spherical tanks particu-
larly adapted for the transport of fluids at low temper-
atures is constructed with connecting parts interposed
between the tanks and the structure of the ship which
permit contraction and expansion of the tanks and sat-
isfactorily limit external heat exchange.

9 Claims, 6 Drawing Figures
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SHIP HAVING SELF-SUPPORTING SPHERICAL
TANKS PARTICULARLY FOR THE TRANSPORT
OF FLUIDS AT LOW TEMPERATURES

BACKGROUND

It is known that gases found in nature constitute an
important source of energy and a major development
is providing means for transporting them in liquefied
form at low temperatures. With respect to maritime
transport, it has already been proposed to use ships
comprising self-supporting cylindrical tanks capable of
confining liquefied gases and storing such gases for
long periods of time while limiting, in a satisfactory
manner, external heat exchange. Nevertheless, it may
be noted that the results obtained do not correspond to
the optimum theoretical safety where the cylindrical
tanks are used and such tanks could be advantageously
replaced by a spherical form.

It is also known in the prior art to use ships adapted
for the transport of liquid gases at low temperature in
which the storage tanks consist of two water-tight barri-
ers inserted between partitions of thermal insulation,
the water-tight barriers being formed from welded un-
supported metallic sheets. This technique of construc-
tion called “a membrane” is satisfactory but may, in
certain cases, not have the benefits of a technique of
construction using structures of self-supporting tanks,
particularly for the transport of liquid ammonia and lig-
uid ethylene.

The present invention has for an object the provision
of a ship adapted to transport liquefied gases, and in
particular ammonia and liquid ethylene, comprising
self-supporting tanks in spherical form or the like and
provided with connecting parts interposed between the
tanks and the structure of the ship which permit con-
traction and expansion of the tanks and limit, in a satis-
factory manner, heat exchange with the exterior.

BRIEF SUMMARY OF THE INVENTION

The present invention provides an industrial article
of manufacture consisting of a ship adapted in particu-
lar for the transportation of liquefied gases at low tem-
peratures, said ship comprising a hull structure in the
interior of which is disposed at least one water-tight
self-supporting tank, each tank being supported by or
maintained in the hull structure being provided with a
layer of thermal insulation all around the sides of the
tank, characterized by the fact that, in the first place,
the tank defines a volume of revolution whose axis is
approximately perpendicular to the flotation level in
the upright position of the ship and whose meridian is
a curve without a sharp angle; that, in the second place,
the tank rests on a supporting surface in the form of a
sectional cradle positioned at its lower part, through an
intermediate sectional bearing support having the same
angle as the top of the cradle, a layer of appropriate
material being interposed between the supporting sur-
face of the sectional cradle and the sectional bearing
support aforesaid; and that, in the third place, an as-
sembly of connecting members is provided all around
the tank in its median zone, the said connecting mem-
bers permitting a parallel displacement in the vertical
axis of the tank and radially.

DETAILED DESCRIPTION OF THE INVENTION
In a preferred method of accomplishing the inven-
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tion, the tank consists of welded metallic plates; the
volume limitation of the tank is a spherical volume; the
thickness of the plates constituting the sides of the tank
is variable according to the level in relation to a hori-
zontal plane; the zone of maximum thickness of the
side of the tank is situated in the part where the sec-
tional bearing supports of the tank are disposed; the an-
gles of the section of the cone of the supporting surface
of the cradle and that of the bearing supports are open
towards the top; the sectional support of the tank is a
continuous surface connected to the tank by braces or
struts disposed in diametrical planes, the said braces
being separated from each other by cross members dis-
posed along a conical surface whose tops intersect 'with
the spherical tank; the half angle at the top of the sup-
porting surface of the sectional cradle and the bearing
supports is about 45°; the supporting surface of the sec-
tional cradle is a continuous surface supported by the
structure of the hull of the ship by way of the braces
disposed in axial planes of the section of the cone, the
said braces being separated by cross-members perpen-
dicular to the supporting surface of the cradle; the in-
termediate layer disposed between the supporting sur-
face of the cradle and the bearing supports consists of
at least one thermal insulating material; the intermedi-
ate sectional layer is formed, in part, of a sheet of mate-
rial known under the commercial trademark of “Klege-
cel,” or of a sheet of plastic material such as polyvinyl-
chloride or polyurethane, or the like, with a sheet of
plywood interposed between the foregoing sheet and
the bearing support; the intermediate layer may com-
prise interior reinforcement disposed preferably in an
axial plane and constituted, for example, of pieces of
hard wood; the assembly of points of attachment pro-
vided between the tank and the structure of the hull of
the ship is disposed in the diametrical plane of the tank
which is parallel to the upright plane of flotation of the
ship; each point of attachment consists of a connecting
device such as that described in French Pat. No.
1,364,070; each point of attachment also consists of an
assembly of an arm radially fixed to the spherical tank,
said arm carrying an axle or shaft which is perpendicu-
lar to the upright plane of flotation of the ship, and hav-
ing a U-bracket, the two wings of which receive the
ends of the aforesaid axle, the arm being disposed be-
tween the two wings of the U-bracket with a possibility
of displacement parallel to the aforesaid axle, the U-
bracket being rigidly connected to the hull structure of
the ship, the median line of the U-bracket opening
being radial and the axle or shaft of the arm having the
possibility of a radial displacement in the said opening
of the U-bracket; the U-bracket and the arms at the
points of attachment are made of a material which is a
poor conductor of heat such as, for example, stainless
steel; the housing for the spherical tank defined by the
hull structure of the ship has, in parallel sections to the
upright flotation of the ship, the form of a regular octa-
gon; the housing of the spherical tank defined by the
structure of the ship’s hull and the protective structure
has in a diametrical plane of the tank perpendicularly
to the plane of flotation in the upright position, the
form of an octagon; the space between the tank, the
hull structure and the protective super-structure is
filled with a thermal insulating material such as, for ex-
ample, “perlite.” :

It may be noted that the spherical tank of the ship
transport may contract thermally in a completely free
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matter which is a necessity when filling the tank with
a liquefied natural gas; in fact, the points of attachment
disposed in the diametrical plane of the tank which are
parallel to the flotation plane permit radial contraction
of the tank which is attributable in part to a displace-
ment of the axle in the interior of the hollow portion
between the two wings of the U-bracket and in part to
the displacement of the clamp between the two wings
of the U-bracket; moreover, the conical sectional form
of the supporting surface of the sphere on the hull
structure permits providing a continuous support of the
sphere at the ambient temperature or at the tempera-
ture of the liquefied gas. Finally, the constitution of the
layer or bed intermediately disposed between the sup-
porting surface of the cradle and the bearing surface
integral with spherical tank permits absorption of the
residual construction deformation, adapting the defor-
mation of the hull structure during the course of navi-
gation, and limiting in a satisfactory manner thermal
leakage at the support level.

The objects of the invention will be better under-
stood by reference to the following description in con-
junction with the drawings in which one embodiment
of the invention is illustrated by way of an example
without limiting the invention. In the drawings:

FIG. 1 represents, in transverse section, a ship ac-
cording to the invention, the section passing through
the center of the spherical tank of the ship;

FIG. 2 represents a sectional view of FIG. 1 without
the spherical tank and the protective superstructure;

FIG. 3 represents a section taken along the line of III-
—IIl of FIG. 1;

FIG. 4 represents, in plan view, a detail of a point of
attachment of the spherical tank in its diametrical
plane parallel to the plane of flotation of the ship in its
upright position, the various elements being disposed in
the positions which they occupy at the ambient temper-
ature;

FIG. § represents a section taken along the line V—V
of FIG. 4;

FIG. 6 represents, in section, the various elements of
FIG. 5 in the position which they occupy when the
spherical tank is filled with a liquefied gas.

Referring to the drawings, it will be seen that the hull
structure 1 of the ship is surmounted by a protective su-
perstructure 2 which covers the upper part of spherical
tank 3. The diameter of tank 3 is slightly less than the
width of beam between the two sides 1a and 15 of the
ship. For a tank diameter of 36.5 meters a minimum
space of 0.7 meter is required between the tank 3 and
the hull structure. The housing provided in the ship for
each spherical tank 3 is defined, in the first place, by
a base or bottom Lc parallel to the plane of the flotation
of the ship in the upright position, the said base lc, in
plan view, forming a regular octagon; secondly, by the
lateral walls 1d perpendicular to the plane of flotation
of the ship in its upright position, the lateral walls sur-
rounding the tank 3 so as to define a housing which is
perpendicular to the plane of upright flotation of the
ship, in the form of a regular octagon, the sides 1a and
1b of the ship constituting two opposing sides of said
regular octagon; and thirdly, by the intermediate ob-
lique sides connecting the bottom lc to the various
sides perpendicular to the plane of flotation of the ship
in its upright position, these sides having an inclination
of 45° to said plane of flotation. The protective super-
structure 2 consists, first, of a side 2d disposed in the
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prolongation of the side 1a; secondly, of an octagonal
horizontal upper plate 2¢; and thirdly, of an oblique
side 2e connecting the side 24 and the plate 2c. The
space between the spherical tank 3, on the one hand,
and the housing lc, 1q, 14, 2d and 2e, 2c, on the other
hand, is filled with a special insulation material, for ex-
ample, a material known as “perlite.” ’

The tank consists of steel plates containing 9 percent
of nickel, the thickness of the plates varies according
to the level with respect to the plane of flotation of the
ship in the upright position; the variation occurs by suc-
cessive spherical rings from at least 10 millimeter thick-
ness in the upper part to at least 16 millimeter thickness
in the lower part, with two maxima, one of 22 mm. situ-
ated at a level at the center of the sphere and the other
of 34 mm. located at the level of the median zone of the
oblique sides le. In the zone where the thickness is
equal to 34 millimeter, the sphere is supported exteri-
orally by sectional bearing supports 5 and opposing
sectional supports 6 of a cradle; the support § and the
surface 6 are at an angle of about 45° from the vertical;
they are separated by layer 7 formed of a sheet of ther-
mal insulating material known by the commercial name
of “Klegecel” and by a layer of plated metal forming a
slippery surface and disposed in contact with the points
of support 5. The points of support 5 are separated
from the sphere 3 by intermediate braces 8 disposed in
diametrical planes of the sphere 3; the braces 8 are sep-
arated from each other by cross-pieces 9 having conical
surfaces, whose tops are in contact with sphere 3. The
bearing surface 6 is separated from the sides 1e of the
housing of the tank 3 by means of braces 10 disposed
in diametrical planes of hull 1, said braces being sepa-
rated by cross-members 11, perpendicular to the sides
le.

In the diametrical plane of the spherical tank 3 which
is parallel to the flotation level of the upright hull is dis-
posed an assembly of points of attachment 12 spaced
regularly every 10° around tank 3. Each point of at-
tachment 12 consists of a U-bracket 13 formed of two
parallel wings 13a, 13b on the interior of which is an
oblong slot 14 whose median line is a straight line pass-
ing approximately through the center of sphere 3. U-
bracket 13 made of unoxidizable steel is connected to
hull 1 by angle brackets and radial members 13c, 134
respectively. Arm 15 cooperating with U-bracket 13 is
connected to the side of spherical tank 3 and disposed
approximately in a diametrical plane parallel to the
plane of flotation of the ship in its upright position. The
connection of arm 15 made of unoxidizable steel is re-
inforced by bracket 16. Arm 15 carries an axle 17 af-
fixed thereto approximately perpendicularly to the
plane of flotation of the ship in its upright position. The

axle 17 has its two extremities engaged in the interior

of slots 14 of the two wings 13a, 13b of U-bracket 13.
It is made of steel containing 9 percent nickel. The axle
17 which may have to be displaced radially in the inte-
rior of oblong slots 14 and the bracket 15 has a permis-
sible displacement between the two wings 13a, 13b of
bracket 13 parallel to axle 17.

It may be noted in accomplishing the invention, the
connection of the spherical tank 3 permits thermal con-
traction of the tank without difficulty. Contraction is
produced at the moment when the tank is filled with a
liquefied gas. In fact, the form of the conical section of
the aforesaid supports between the support § and the
supporting surface 6 of the cradle permits a continu-
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ously maintained support despite variation of tempera-
ture and construction of the sphere. Moreover, the
points of attachment 12 permit a radial displacement of
the sides of the tank 3 with respect to walls 1d of the
housing by reason of displacement of axles 17 in the
slots 14 and while equally permitting a displacement in
the height of bracket 15 between the wings 134, 13b of
bracket 13 due to the effect of the diminution of radius
of spherical tank 3.

It may be noted, furthermore, that the thermal insula-
tion of the tank 3 is perfectly assured in part due to the
presence of the layer of insulating material 4 which sur-
rounds the sphere and in part due to the small thermal
loss in the connecting zones and in the support zones;
in this regard, the composition of the layer 7 interposed
between the support 5 and the supporting surface 6 of
the cradle has an importance which is not negligible.
The presence in this layer of a plastic sheet permits ab-
sorption of residual deformities in construction and
adapts itself to the deformations in the structure of the
ship’s hull during navigation. It is desirable to provide
that the points of attachment 12 do not permit the pas-
sage of the flow of thermal loss through the limited
zones of contact of axlées 17 with wings 13a, 13b and
contact of axles 17 with bracket 15; these zones being
very reduced because the contacts are generated along
the axles 17. Furthermore, the thermal flow is equally
limited by reason of the poor thermal conductivity of
wings 13e and 13b and brackets 15.

It will be understood that the practice of the inven-
tion herein described is subject to various modifica-
tions without departing from the invention; in particu-
lar, one may utilize as points of the attachment of the
spherical tank in its equatorial plane connections of a
known type of such as those described in French Pat.
No. 1,364,070, said connections permitting a free ther-
mal contraction of the spherical tank when it becomes
cold.

I claim:

i. A ship adapted in particular for the transport of
liquefied gases at a low temperature, the ship compris-
ing a hull structure in the interior of which is disposed
at least one self-supporting water-tight tank, each tank
being supported by and maintained in the hull structure
by a supporting surface comprising a sectional cradle
having planar sides all sloping upwardly and outwardly
at an angle to the sides of the hull, a bed of thermal in-
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sulation being provided all around the sides of the tank,
said tank defining a volume of revolution whose verti-
cal axis is approximately perpendicular to the flotation
plane of the ship and whose meridian is a curve without
a sharp angle, the lower portion of said tank resting on
said supporting surface of said sectional cradle, and
means securing said tank to the interior of said hull
comprising points of attachment around the tank in its
median zone, the said points of attachment permitting
parallel and radial displacement of the tank with re-
spect to the vertical axis of the tank.

2. A ship as claimed in claim 1 wherein the volume
defined by the tank is a spherical volume.

3. A ship as claimed in claim 1 wherein the thickness
of sides of the tank is variable according to the level
with respect to a horizontal plane.

4. A ship as claimed in claim 1 wherein the planar
sides of the sectional cradle are supported by the struc-
ture of the hull of the ship by means of supporting
members disposed perpendicular to said sides of the
cradle.

5. A ship as claimed in claim 1 wherein an intermedi-
ate layer is interposed between the supporting surface
of the cradle and the tank comprising at least one ther-
mal insulating material.

6. A ship as claimed in claim § wherein said layer is
formed in part of a plastic sheet material.

7. A ship as claimed in claim 1 wherein each said
point of attachment consists of an assembly of an arm
connected to the spherical tank, the said arm carrying
a fixed shaft which is perpendicular to the plane of the
flotation of the ship, and by a U-bracket with two wings
each comprising an oblong opening to receive an end
portion of said shaft, the arm being disposed in the
space between the two wings of the U-bracket to per-
mit parallel and radial displacement of said shaft and
the U-bracket being rigidly fixed to the interior of the
ship’s hull.

8. A ship as claimed in claim 7 wherein the U-
brackets and the arms of the points of attachment are
made of a material which is a poor conductor of heat.

9. A ship as claimed in claim 1 wherein said support-
ing surface comprises conical members whose tops are

in contact with said tank.
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