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Apparatus (1) for transporting fluent cargo through liquid comprises one or more units (a, b, ¢) arranged substantially in linear
alignment, wherein at least one said unit comprises two or more flexible containers (2) close coupled side by side.
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FLEXIBLE VESSELS
FOR TRANSPORTING FLUENT CARGOES

The present invention relates to flexible vessels for
transporting fluent cargoes through liquid.

Vessels of this nature are known and can take the form of
closed flexible tubular or envelope structures, generally of
a synthetic rubberised fabric. Such vessels are used to
transport fluent cargoes having a specific gravity less than
that of the 1liquid in which they are being transported.
Ordinarily, the fluent cargo has a specific gravity less than
that of seawater. When laden, the vessel 1is virtually
completely submerged and buoyancy is supplied by the cargo.
To move such laden vessels, they are towed from one end by for

example a tug boat.

One such vessel is known from GB-A-0 883 813 wherein the
vessel is made in a tubular shape with a streamlined bow. The
vessel is towed by way of a rope that is attached to the bow
of the vessel.

Such laden vessels have intrinsic stability problems,
particularly where the vessel is used in anything other than
calm seawater conditions. For example, waves can set up
undesirable oscillations in the fluent cargo. The cargo will
in this regard have a natural frequency which if coincidental
with an applied wave frequency, can lead to resonance. The
resulting magnification of the oscillation of the fluent cargo
is clearly to be avoided otherwise damage and rupture of the
vessel can occur. In addition, the exterior profile of the
vessel can be distorted from its most streamlined and drag-
free configuration such that the vessel requires an increased

towing force to maintain speed.
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In this connection, measures have been proposed for reducing
the effects of resonance within the vessel itself, for example
by providing internal stabilisers in the form of fabric
diaphragms within the vessel interior, such diaphragms having
holes or perforations to control the flow of cargo. Also, a
vibration absorber within the vessel has been proposed
comprising an inner tube of fabric so filled as to resonate
at the forcing frequency of the waves. However, such measures

have only a limited effect and introduce other problems.

Another problem arises in that such laden vessels exhibit yaw.
This 1is where the vessel moves off the preferred towing
direction in an uncontrolled fashion so that the vessel can

become extremely difficult to control.

In this connection, it has been common practice to mount a
stabiliser in the form of a specially configured end, skirt
or drogue at the rear end of the vessel to reduce the tendency
of the vessel to yaw undesirably. From GB-A-0 846 359, for
example, in order to improve stability, the containers of this
document are provided with large fins to attempt to prevent
yaw and roll. However, these in practice do not wholly solve
the problem of yaw and in any case the extra drag caused
thereby significantly increases the towing forces required to
move the vessel. Indeed, such forces can be doubled. Clearly
this has a disadvantageous effect on fuel efficiency of the
towing means and thus overall running costs. In addition,
this has proved a cap on the maximum practical cargo load that
can be transported, typically in the range of 1,000 to 3,000
m’. Attempts at transporting higher loads have failed.

Another problem arises in that such laden vessels exhibit

instability in twist, due to shear forces created by breaking

‘waves, which leads to capsize in bow and gquarter seas 1in

particular.
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It is thus an object of the present invention to provide an apparatus for
transporting fluent cargoes which has an improved stability without significant
sacrifices to streamlining efficiency or vessel size.

According to the present invention there is provided apparatus for
transporting fluent cargo through liquid, the apparatus comprising one or more
units arranged substantially in linear alignment, at least one said unit
comprises two or more flexible containers close coupled side by side; wherein
said containers are, when laden with cargo, substantially submerged in said
liquid so that a top surface of each container lies at the liquid’s surface, and
wherein said flexible containers are flexible in use and the cargo laden
container’s buoyancy is supplied by the cargo being transported.

The provision of two such containers side by side creates a highly stable
arrangement which in particular provides enhanced bi-lateral stability and
directional stability, reduces damaging oscillation and enhances torsional
stability. Thus, internal or external stabilisers are not required. This reduces
drag and therefore the required towing forces which enables larger cargoes to
be transported than hitherto known or alternatively enables a reduction in the
thickness of the material comprising the flexible container resulting in reduced
vessel construction costs. In addition, the arrangement assists in distributing
structural forces applied to the apparatus, namely those applied by towing,
control, mooring and environmental forces.

In particular, in tests it has been found that if the apparatus of the
present invention is pulled in the direction of said linear alignment, the
apparatus follows the pulling direction with substantially no yaw and presents a
very stable structure. Indeed, in tank tests with flowing water, it has been
found that when the apparatus is connected to a line in the flowing water, and
released such that the line initially makes an angle to the direction of flow, the
apparatus moves to make the line parallel to the flow without overshoot.
Accordingly, the apparatus of the present invention follows the towing direction

despite the effects of external environmental influences.

10/02/00



10

15

20

25

30

35

WO 97/02980 ’ PCT/GB96/01634

-4 -

The interaction between the various forces resulting from the
towing, the external liquid movements and the cargo movements
is highly complex and a theoretical basis for the behaviour
of the present invention has not been established at the

present time.

In preferred embodiments, in use of the apparatus, adjacent
facing sides of respective containers of said at least one
unit are substantially parallel along at least part of their
length. In this manner, the stability of the apparatus can be
enhanced.

Preferably, no two consecutive linearly aligned units comprise
a single flexible container. In this way, the stabilising
effect of the flexible container arrangement is not prejudiced
by destabilising effects that may be caused by single flexible

container units adjacently linearly aligned.

In preferred embodiments, each container has angled,
preferably apexed, front and rear end sections. The
containers may be parallel sided and may be diamond-shaped or
hexagonal. In this manner, the front and rear end sections
of consecutive units can be compactly and securely Jjoined
together.

The containers are substantially or completely submerged in
use. The containers are conveniently connected at their
broadest extent. This assists towards providing an enhanced

stable arrangement.

In preferred embodiments, the apparatus comprises alternating
sequential units of one and two containers. Conveniently, the
apparatus comprises three units of one container and two units

of two containers.



10

15

20

25

30

35

WO 97/02980 PCT/GB96/01634

- 5 -

Certain embodiments of the present invention will now be
described by way of example and with reference to the

accompanying drawings, in which:-

Figure 1 1is a plan view from above of a flexible vessel

apparatus of a first embodiment of the present invention;

Figure 2 is a cross-sectional view taken through the line A-A
of Figure 1; and

Figures 3 to 6 show plan views from above of alternative

embodiments of the present invention.

Figure 1 shows in plan view from above a flexible vessel
apparatus 1, used for transporting fluent cargo, for example,
vegetable o0il, fruit juice or fresh water, through 1liquid.
The apparatus includes a number of units a, b, c etec.
connected in sequential linear alignment. Each unit comprises
either a single container or pod 2 or two such containers or
pods. In the units having two containers, they are connected
so that they are positioned side by side or adjacent with

their longitudinal axes parallel.

As shown in Figure 2, the containers are close coupled. They
may be connected at their broadest extents by rolling spring
lashings 3. In this way, the top surfaces of the containers
can be fixed rigidly or elastically so that they are close-
rigged together by tangential springs. Close rigging requires
that all adjacent facing edges of the containers are

connected.

As shown particularly in Figure 4, the containers may be
connected in nesting formations, this being assisted by each
container being of a symmetrical configuration in plan view.
By nesting the containers, increased stability may be achieved

along with increased cargo transportation.
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In this regard, whilst any suitable shape of container may be
used, each is preferably parallel-sided with apexed bow and
stern sections 4,5. The containers may be diamond shaped or
hexagonal shaped as shown in Figure 5.

Parallel-sided containers may be rigged in diamond formation
as shown in Figure 4 or in two or more parallel lines as shown
in Figure 3. Diamond-shaped and hexagonal containers are
rigged diamond formation to achieve the advantages of close

rigging.

The exterior opposing or facing sides of adjacent respective
containers run generally parallel along their length. In this
manner, parallel sided channels are set up between adjacent
containers through which, during use, liquid, namely seawater
can flow.

Each container is made as a closed flexible envelope from
panels of fabric welded together to be form stable under
hydrostatic conditions. The fabric has a thickness in the
range cf 1.5 to 3.5 mm and the circumference of the container
is preferably in the range 60 to 180 m. In use, the container
is filled to approximately 50% to 70% capacity, although other
capacities can be used.

The bow and stern are provided with piped orifices (not shown)
for loading and discharge purposes and bridles (not shown) may
be provided for towing and mooring the vessel apparatus and
can be integral with the structural design of the vessel.

Flexible tubes of fabric (air sponsons) can be provided which
are inflatable to increase the torsional stability of the
vessel apparatus should this be required. The vessel may be
provided with further flexible tubes of fabric (water
sponsons) which when filled with fluent cargo or sea water
create stiffened structures which assist to reinforce the
apparatus against hydro-dynamic pressures. The flexible
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containers have stiffened flexible anchorage points at the bow
and stern and at intermediate positions for the purposes of
inter-connection.

For towing purposes, the containers are rigged directly to a
tender-barge or an integral buoyancy device which is towed by
a tug according to normal practices. As shown in Figure 3,
where the apparatus comprises a first front unit having two
or more containers, such containers are connected directly to
a common towing point. This arrangement is possible because
of the self-stabilising nature of the apparatus.

The containers may be provided with buoyancy means to provide

support when the container is empty or partially empty.

It will be understood that the embodiments illustrated show
an application of the invention in one form only for the
purposes of illustration. In practice the invention may be
applied to many different configurations, the detailed
embodiments being straightforward for those skilled in the art

to implement.

Whilst the present invention has been described with reference
to transporting cargoes through sea water, it will be apparent
that the invention can be adapted to transport cargoes through
fresh water. The flexible container of the present invention
preferably has a generally compressed circular cross-sectional

shape which is determined by the hydrostatic pressures.

It will be apparent that whilst multiple arrangements of units
are shown in the drawings, the apparatus of the present
invention may take the form of just two flexible containers
connected so that they are positioned side by side or adjacent
with their longitudinal axes parallel in combinations such as
1:2, 1:2:3 etc as shown 1in Figure 6 or progressive
combinations of 1:2:1:2 etc or 1:2:3:2:1 units.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. Apparatus for transporting fluent cargo through liquid, the apparatus
comprising one or more units arranged substantially in linear alignment, at
least one said unit comprises two or more flexible containers close coupled
side by side; wherein said containers are, when laden with cargo, substantially
submerged in said liquid so that a top surface of each container lies at the
liquid’s surface, and wherein said flexible containers are flexible in use and the

cargo laden container's buoyancy is supplied by the cargo being transported.

2. Apparatus according to claim 1, wherein adjacent facing sides of

respective containers of said at least one unit are substantially parallel along at

least part of their length.

°e 3. Apparatus according to claim 1 or 2, wherein no two consecutive linearly

(X

aligned units comprise a single flexible container.

4. Apparatus according to any preceding claim, wherein each container

has angled, front and rear end sections.

: 5. Apparatus according to any preceding claim, wherein each container is

parallel sided.

6. Apparatus according to any preceding claim, wherein each container is

diamond-shaped or hexagonal.

7. Apparatus according to any preceding claim, wherein the containers are

connected at their broadest extent.

o R/\f\_
“ N . . . .
/X /7\_ 8. Apparatus according to any preceding claim, wherein the apparatus
: z "
RS ; . ; i i i
]-33;\ Q/)) comprises alternating sequential units of one and two containers.

10/02/00




9. Apparatus according to any preceding claim, wherein the apparatus

comprises three units of one container and two units of two containers.

10.  Apparatus substantially as hereinbefore described with reference to the

accompanying drawings.

11. A method of transporting fluent cargo through liquid in flexible containers

laden with cargo, wherein the method comprises the steps of:

a) arranging one or more units comprising two or more flexible

containers substantially in linear alignment;

b) close coupling said flexible containers of each said unit side by
side;

Cc) transporting said cargo laden containers in said liquid, said
containers being substantially submerged in said liquid in use so that a top
surface of each container lies at the liquid’s surface, and wherein said

containers are flexible in use and the cargo laden container’'s buoyancy is

supplied by the cargo being transported.

12. A method according to claim 11, wherein adjacent facing sides of

respective containers of said at least one unit are substantially parallel along at

least part of their length.

13. A method according to claim 11 or 12, wherein no two consecutive

linearly aligned units comprise a single flexible container.

14. A method according to any of claims 11 to 13, wherein each container

<, has angled, front and rear end sections.

10/02/00
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15. A method according to any of claims 11 to 14, wherein each container is

parallel sided.

16. A method according to any of claims 11 to 15, wherein each container is

diamond-shaped or hexagonal.

17. A method according to any of claims 11 to 16, wherein the containers

are connected at their broadest extent.

18. A method according to any of claims 11 to 17, wherein the apparatus

comprises alternating sequential units of one and two containers.

19. A method according to any of claims 11 to 18, wherein the apparatus

comprises three units of one container and two units of two containers.

20. A method substantially as hereinbefore described with reference to the

. accompanying drawings.

21. A method of transporting fluent cargo through liquid comprising use of

the apparatus of any one of claims 1 to 10.

®e00 000a oo

$t"2, Dated this 30th day of November 1999
7 AQUARIUS HOLDINGS LIMITED
‘. Patent Attorneys for the Applicant
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