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(57) Abstract

The invention relates to a transport ship (20) having a hull comprising a sheathing (22), a weather deck (23, 23’) and a hold (28, 28’,
30), and having a front part (35), a rear part (25) and a central part (29). The ship is unique in that the front part (35) of the ship comprises
a hold section (28°) defined by the hull and the weather deck (23’), and access hatches provided in the weather deck (23’) to give access to
said hold section (28°), that the rear part (25) of the ship comprises a hold section (28) defined by the hull and the weather deck (23), and
access hatches provided in the weather deck (23) to give access to said hold section (28), that the central part (29) of the ship comprises
a refrigerated hold section (30) defined by an upper thermally insulated refrigerated hold deck (130), a thermally insulated bottom and by
thermally insulated walls (132, 133...) extending in the transverse direction and longitudinal direction of the ship, and in that the weather
deck (23, 23’) is adapted to support a cargo.
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A transport ship

The present invention seeks to solve the problem of pro-
viding a transport ship allowing for a high load capacity
and flexibility through a unique arrangement of a hold

for refrigerated products or a hold for liquid products.

In a first fundamental embodiment the present invention
relates to a transport ship having a hull comprising a
sheathing and a weather deck and having a front part, a

rear part and a central part.

Usually, the rear part of such ships comprises a deck su-
perstructure with the navigating bridge of the ship and
the means necessary for the propulsioh of the ship, in-
cluding machinery and fuel tanks, while the front part of
the ship comprises the stem and store rooms, if any. The
central part of the ship comprises the hold, which is
constructed in accordance with the specific type of goods
to be transported. The hold may thus be constructed spe-
cifically for the transport of one specific type of
goods, 1including e.g. cooled goods, 1liquid gas, dry
cargo, oil or containers. Particularly in former times,
the possibilities of utilizing transport ships for carry-
ing combinations of the above-mentioned types of goods

were very limited.

To achieve an increased flexibility of goods transport
ships to a certain degree, the so-called Ro-Ro ships have
been developed in the past twenty years, with a weather
deck for the transport of particularly containers and
with a plurality of tween decks that may be used for the
transport of trailers or e.g. cars which may be loaded

using stern ramps.
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However, as far as the so-called refrigerator ships are
concerned, specifically adapted to transport refrigerated
goods, it has not been possible to achieve optimum flexi-
bility and capacity in the past. In particular, the con-
ventional structure of the refrigerator ships and stabil-
ity deliberations have set a limit to the amounts of ad-
ditional types of goods that can be carried and to the
conditions under which such goods may be carried. Refrig-
erator ships are typically provided with an internal re-
frigerated hold over the greater part of the length of
the hull, see e.g. European Patent Application No. 0 601
233, sald refrigerated hold accommodating a relatively
large number of tween decks with a small free height. The
reason 1is that the goods are usually stored on pallets
and do not stand stacking in the height. The goods may
e.g. be bananas, lemons or vegetables which are to be
kept refrigerated during the transport. The goods are
typically cargoes which are to be transported over great

distances, e.g. from South America to Europe.

In view of the above, it has been attempted to construct
the refrigerator ships so as to enable them to carry
standard containers which are stacked on the weather deck
of the ship. This results in some increased flexibility,
as the ship can then be utilized for the transport of re-
frigerated goods as well as a surface cargo, which may
produce increased earnings per voyage. These refrigerator
ships, however, are inexpedient, because certain loading
situations give rise to stability problems during the
voyage of the ship. These problems may occur when the
ship, when bound for return, is to sail without refriger-
ated goods, but with a surface cargo, such as containers.
Since the typical surface cargoes are formed by contain-
ers of a much greater weight than a corresponding volume

of the refrigerated goods, stability deliberations set a
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limit to how high the containers may be stacked on the

weather deck, also when sailing with refrigerated goods.

An object of the present invention is to provide an im-
proved transport ship by means of which, with fewer sta-
bility problems, different combinations of goods may be
transported, at least one type of which should preferably
be capable of being transported in refrigerated form,
while allowing greater amounts of the other goods to be
transported at the same time. In this connection, differ-
ent combinations of goods are taken to mean sailing with
or without the refrigerated goods, and it must also be
possible optionally to transport at least one other type
of goods, particularly in the form of standard con-
tainers. This provides a high degree of flexibility, so
that the owner of the ship can obtain greater earnings

per voyage in relation to the known refrigerator ships.

This object 1s achieved according to the invention in
that the front part of the ship comprises a hold section
defined by the hull and the weather deck, and access
hatches provided in the weather deck to give access to
said hold section, that the rear part of the ship com-
prises a hold section defined by the hull and the weather
deck, and access hatches provided in the weather deck to
give access to said hold section, that the central part
of the ship comprises a refrigerated hold section defined
by an upper, thermally insulated refrigerated hold deck,
a thermally insulated bottom and by thermally insulated
walls extending in the transverse direction and longitu-
dinal direction of the ship, and in that the weather deck

is adapted to support a cargo.

When the ship is constructed in this manner, it will also
be possible to sail without goods in the refrigerated

hold, as the rest of the goods may be stowed relatively
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low against the keel on each side of the refrigerated
hold section in the longitudinal direction of the ship. A
favourable metacentre height may hereby be maintained, as
only the draught of the ship will change. Since, in con-
ventional refrigerator ships, the rest of the goods must
necessarily be carried on the weather deck to avoid dam-
age to the insulated walls, the metacentre height in
these ships is very unfavourable when sailing without re-

frigerated goods in the hold.

According to a particularly preferred embodiment, the up-
per refrigerated hold deck is arranged at a height above
the weather deck of between 20% and 200%, preferably be-
tween 50% and 150%, of the moulded depth of the ship
measured to the weather deck. In this case, the moulded
depth is measured from the base line of the ship. It is
hereby possible to achieve approximately the same loading
volume for refrigerated goods as in a traditional refrig-
erator ship of approximately the same length, and the re-
frigerated hold section is easy to insulate ‘thermally.
Further, the sunlit surface of the refrigerated hold sec-
tion will be reduced compared with a traditional refrig-
erator ship when sailing without surface cargo. In the
traditional refrigerator ships, the energy of the sun im-
pinges on the entire weather deck which defines the upper
boundary of the refrigerated hold approximately in the
entire length of the ship. This will also allow the nec-
essary cooling energy to be reduced. If necessary, the
width of the ship may also be slightly greater than that

of the traditional refrigerator ship.

It is moreover preferred that the insulated walls extend-
ing in the transverse direction directly adjoin the hold
section in the front and/or rear part of the ship, and
that, optionally, the thermally insulated walls extending

in the longitudinal direction also adjoin the sheathing
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of the hull. This results in optimum utilization of the
ship, as the natural walls are utilized for defining the

various holds.

It is particularly preferred that the upper refrigerated
hold deck is adapted to support a cargo, and that the
navigating bridge of the ship and the premises of the
crew are provided on the upper refrigerated hold deck.
All horizontal faces may hereby be utilized for support-
ing the other type of goods, particularly containers.
When the navigating bridge is simultaneously arranged
amidships, 1t is possible to arrange an even very high
stack of containers on the weather deck, as the current
maritime rules on the mate's line of sight to the horizon

are still observed.

It is also preferred that the refrigerated hold section
is provided with tween decks, and that the distance be-
tween the decks is about 2 m - 3 m, preferably about 2.25
m - about 2.5 m. This allows transporting of palleted
goods with an optimum utilization of the load volume, as
waste of space between the upper side of the pallets and
the under side of the tween decks 1is greatly reduced.
Furthermore, like in conventional refrigerator ships, the
tween decks may advantageously be constructed as a grat-
ing, so that cooling takes place by means of circulating

air.

When, according to a particularly expedient embodiment,
the access to the refrigerated hold section is provided
in the thermally insulated walls, preferably in the lon-
gitudinal walls, it is possible to load and unload the
refrigerated goods and the surface cargo at the same

time.
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Further, the length of the refrigerated hold section may
advantageously constitute between about 20% and 50%,
preferably between about 25% and 45%, of the total length
of the ship. Hereby, the longitudinal walls of the re-
frigerated hold section will, to a great extent, be dis-
posed solely within the area of the hull where the
sheathing is almost plane, which simplifies the construc-

tion of the insulation of the walls.

To obtain relatively symmetrical loading conditions to
ensure a favourable stability as regards the trim moment
of the ship, it is preferred that the thermally insulat-
ing walls defining the refrigerated hold section extend
symmetrically about the midship section and the middle-
line plane of the ship.

Finally, it is preferred that access hatches to the hold
sections are provided substantially in the entire width
of the hold sections. The hold sections in the front and
rear parts of the ship may thus be filled and emptied ba-
sically in the same manner as in the conventional con-

tainer ships.

In a second fundamental embodiment the present invention
relates to a transport ship adapted for simultaneous
transport of a cargo consisting of i) a liquid, particu-
larly oil, and ii) a plurality of containers as well as
iii) optionally at least one additional type of goods,
sald transport ship having a hull comprising a sheathing,
a bottom, a weather deck and a tank for storing and
transporting said liquid, as well as a front part, a rear
part and a central part. In this connection, containers
are taken to mean standard containers of the type which
is generally used for the transport of goods on board

containerships.
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The prior art (see e.g. DE-A-2 462 202) includes a few
examples of tankers having an oil tank intended for car-
rying crude oil and allowing simultaneous transport of an
additional type of goods during one and the same voyage.
The rear part of these ships usually comprises a deck su-
perstructure with the navigating bridge of the ship and
the means necessary for the propulsion of the ship, in-
cluding machinery and fuel tanks, while the front part of
the ship comprises the stem. The central part of the
known ship comprises the o0il tank whose boundary walls
may be formed by the sheathing of the ship. The central
part of the ship additionally comprises a plurality of
holds intended to accommodate the additional type of
goods. Upwardly, the o0il tank is defined by the weather
deck of the ship, and this is also the case with the said
holds.

However, it has previously not been possible to achieve
optimum flexibility and capacity with -these ships. Thus,
the ships are inexpedient, because the volume capacity,
i.e. the volume of goods that can be carried, for the ad-
ditional type of goods is merely achieved at the expense
of the crude oil volume capacity. When the ship sails
without crude oil, it is only possible to transport an
amount of the additional type of goods corresponding to
the volume capacity of the holds provided for this type
of goods. Neither when sailing with the additional cargo
and with o0il, nor when sailing with the additional cargo

alone, is the ship thus utilized optimally.

An object of the present invention is to provide an im-
proved transport ship which, with a high load capacity,
allows transport of wvarious combinations of goods, at
least one type of which is liquid, while allowing simul-
taneous transport of a considerable number of standard

containers and optionally an additional type of goods,
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such as e.g. general cargo. It must be possible also to
transport containers and e.g. general cargo in relatively
large amounts, without this causing any considerable re-
duction in the volume capacity for the liquid, i.e. the
liquid volume that can be carried, relatively to a con-
ventional tanker with corresponding dimensions and a cor-
responding cost of construction. Hereby, when carrying
e.g. oil, the owner of the ship can obtain considerably
higher earnings per voyage than per voyage with the known

tankers.

The above object is achieved according to the invention
in that the ship comprises a plurality of hold sections
defined by the bottom and the weather deck, said hold
sections being adapted to store containers and/or the op-
tional additional type of goods, that the weather deck is
adapted to support containers, that the weather deck com-
prises access hatches giving access to said hold sec-
ticns, and that the tank for storing the liquid extends
from the area at the bottom of the'ship upwards to a
height above the weather deck. It is preferred to provide
the total volume capacity of the tank essentially corre-
sponding to the volume capacity of the tank on a conven-

tional tanker having a hull of corresponding dimensions.

When the ship is constructed in this manner, it will also
be possible to sail without a cargo of liquid, as the
rest of the goods may be stowed relatively low against
the keel on one or both sides of the liquid tank in the
longitudinal direction of the ship. It is noted that it
is hereby possible to maintain a favourable metacentre
height for the normally occurring combinations of cargo,
as only the draught of the ship will change considerably
by changed load conditions. As only a small part of the
hull itself surrounds the liquid tank, the risk of leak-
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age of liquid in case of collision is reduced relatively

to conventional tankers.

According to a preferred embodiment of the invention, the
tank has a total volume capacity of between about 5,000
and 100,000 m°, preferably about 40,000 m®, while the
hold sections are adapted to accommodate a total of at
least 200, preferably at least about 450 standard con-
tainers. A ship with such specifications will typically
have dimensions which make it possible to sail through

the Panama Canal.

Particularly when the front part of the transport ship
comprises one of said hold sections, the rear part of the
transport ship comprises one of said hold sections, and
the central part of the transport ship comprises said
tank, it is possible to ensure a symmetrical load impact

on the ship under all load conditions.

It 1s moreover preferred that the hold sections have
transverse walls which are substantially vertical, and
which directly adjoin the tank, optionally with interme-
diate coffer dams, and that the walls of the hold sec-
tions extending in the longitudinal direction of the ship
are formed by the sheathing of the hull. This provides
optimum utilization of the ship, as the natural walls are

utilized for defining the various holds.

It is particularly preferred that the tank consists of a
plurality of independent compartments which may option-
ally be cylindrical, box-shaped or spherical, thereby
providing the same advantages as in conventional tankers.
The cylindrical compartments may be arranged with a ver-

tically or horizontally extending longitudinal axis.
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According to a particularly preferred embodiment, the
tank extends upwards to a height above the weather deck
of between 10% and 200%, preferably between 50% and 150%,
of the moulded depth of the ship measured to the weather
deck. In this case, the moulded depth is measured from
the base line of the ship. In particular, the tank may
extend upwards to a height above the weather deck of at
least 10 metres, preferably at least 15 metres, and/or be
constructed so that its volume above the weather deck
constitutes at least 20%, preferably between about 40%
and 60%, of the total volume of the tank. This results in
a suitable volume capacity ratio for the respective parts

of the cargo.

To achieve relatively symmetrical load conditions and
thereby ensure a favourable stability as regards the trim
moment of the ship, it is preferred that the tank extends
symmetrically about the midship section and the middle-

line plane.

Finally, it is preferred that access hatches are provided
to the hold sections substantially in the entire width of
the hold sections. The hold sections may hereby be filled
and emptied in the same manner as 1in conventional con-

tainerships.

As will be realized, the invention as defined in the
first and second fundamental embodiments seeks to opti-
mize the load capacity and flexibility of transport ships
by using the same general concept of providing an optimal
positioning of the hold for refrigerated products or the

tank for liguid goods.

The invention will be explained more fully below with
reference to the preferred embodiment -shown in the draw-

ing. In the drawing:
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fig. 1 shows an example of a known type of a refrigerator

ship, seen in partial vertical longitudinal section, and

fig. 2 shows a preferred embodiment of a refrigerator
ship according to the first fundamental embodiment of the
invention, seen in partial vertical longitudinal section,

and

fig. 3 shows an example of a known type of tanker, seen
schematically in a partially vertical longitudinal sec-

tion, and

fig. 4 shows a preferred embodiment of a transport ship
according to the second fundamental embodiment of the in-
vention, seen schematically in a partially vertical lon-

gitudinal section, and
fig. 5 shows the embodiment of fig. 4 in more detail,
seen from the side and provided with a tank comprising

vertical, cylindrical compartments.

First fundamental embodiment of the invention

Fig. 1 shows an example of a known refrigerator ship 1
having a hull comprising a sheathing 2, a weather deck 3
and a hold 10. The refrigerator ship 1 has a rear part 5
comprising the machinery necessary for the propulsion of
the ship and a deck superstructure comprising premises 6
for the crew and a navigating bridge 7. In addition, the
ship 1 comprises a front part 15 with the stem and bulb
of the ship, and a central part 9 with a refrigerated
hold 10. The refrigerated hold 10 is defined by thermally
insulated walls and a thermally insulated bottom, and
also the superjacent weather deck 3 is thermally insu-
lated above the refrigerated hold 10.



WO 99/28182 PCT/DK98/00527

10

15

20

25

30

35

12

The refrigerated hold 10 additionally comprises a plural-
ity of tween decks 11, which are indicated in dashed
line, and which may be constructed as a grating, the free
height between the tween decks being typically about 2.25
m. This free height is selected in accordance with the
height of a standard pallet of refrigerated goods, e.g.
bananas, and the tween decks 11 are usually also con-
structed to allow driving with a fork-1lift truck. In the
example shown, the ship 1 comprises four tween decks 11,
and the height of the ship 1 from the base line to the
weather deck 1is selected so that the desired number of
tween decks may be provided. Loading and unloading of the
refrigerated hold 10 may take place using elevators or
cranes, by means of which the refrigerated goods, indi-
cated in hatched line, may be carried from each tween
deck 11 to an access door provided in the side of the
ship at a level above the waterline CWL, or optionally to

hatches on the weather deck.

The weather deck 3, which forms the closure of the hull
upwardly, also serves to support a surface cargo 12,
which 1is indicated in dotted 1line jji the drawing, and
which will normally consist of containers stacked on top
of each other and lashed to the weather deck 3. The
stacking height of the containers 12 will usually be lim-
ited partly with a view to the stability of the ship
against heeling and partly by international maritime
rules, according to which the line of sight 4 from the
navigating bridge must reach the surface of the sea at a
distance from the stem corresponding to the length of the

ship.

The shown conventional refrigerated ship may thus be used
for carrying refrigerated goods as well as containers.

However, it 1s clear that the stability of the ship will
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be affected considerably if the refrigerated hold 10 is
empty and only containers on the weather deck 3 are to be
carried. This will typically be the case for a return
voyage. To compensate for this load situation, ballast
tanks, into which sea water is pumped, will normally be
incorporated, in many cases up to 30% of the loading ca-
pacity of the ship. These tanks, however, take up space
at the bottom of the hull that might be used for goods.

The possible stacking height of the containers on the
weather deck 3, however, is limited also in the situation
where refrigerated goods are transported in the refriger-
ated hold. The reason is that, in practice, the weight
per volume unit of the refrigerated goods, which will
typically be bananas, 1s considerably smaller than the
weight per volume unit of the cargo on the weather deck.
It is therefore just possible to carry a relatively small
number of containers, which must be stacked very low on
the weather deck 3.

Seen from an economic point of wview, this situation 1is
undesirable of course, as it reduces the earnings of the

shipowner unnecessarily.

Fig. 2 shows a vertical longitudinal section through a
transport ship 20 according to the first fundamental em-
bodiment of the invention. The shown transport ship 20,
like the conventional transport ship, comprises a hull
having a sheathing 22, a weather deck 23, 23' and a hold.
The hold is divided into three hold sections, and the
rear part 25 of the ship comprises the machinery of the
ship and a rear hold section 28. The front part 35 of the
ship 20 comprises the stem of the ship and a front hold
section 28'. Both the front and rear hold sections 28,
28' are defined upwardly by a respective part 23, 23' of

the weather deck, which is formed with access hatches
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giving access to the hcld sections for vertical lowering
of goods, in particular containers. To permit lowering of
the containers, the hatches are preferably provided in
the entire width of the hold sections like in conven-
tional container ships, and the hatch covers are con-
structed to support the surface cargo. Moreover, the
front part 23' and the rear part 23 of the weather deck
are preferably at the same level above the base line as
the weather deck 3 in the conventional refrigerator ship
1.

The ship 20 additionally comprises a central part 29 hav-
ing a refrigerated hold section 30 indicated by hatched
lines, and the extent of the refrigerated hold section 30
in the fore-and-aft direction of the ship preferably con-
stitutes about 25% - 40% of the total length of the ship.
The width of the refrigerated hold 30 may preferably cor-
respond to the width of the ship. The refrigerated hold
section 30 1is intended to transport refrigerated goods,
such as bananas or similar food products, or alterna-
tively to transport cooled, liquid gas, and is defined
upwardly by a thermally insulated refrigerated hold deck
130. The refrigerated hold section 30 additionally has a
thermally insulated bottom which may be arranged close to
the ships bottom, and thermally insulated longitudinal
and transverse walls 132, 133, and the front part 23' and
the rear part 23 of the weather deck adjoin the trans-
verse walls 132, 133, as shown. The transverse walls 132,
133 moreover preferably form a transverse boundary of the
front and rear hold sections 28, 28'. The refrigerated
hold deck 130 is preferably adapted to support a deck su-
perstructure with the navigating bridge 27 of the ship 20
and optionally a surface cargo in the form of a minor
stack of containers lashed to the refrigerated hold deck
130.
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Like the conventional refrigerated holds, the refriger-
ated hold section 30 1is provided with a plurality of
fixed tween decks 31, e.g. in the form of a grating, to
which access may be had via an access door (not shown) in
the side of the ship and using elevators, and, if neces-
sary, partitions may be provided, dividing the refriger-
ated hold section 30 into smaller sections in which dif-
ferent temperatures, e.g. above the freezing point and
below the freezing point, may be maintained. The distance
between the tween decks 31 is determined by the height of
a standard pallet and is therefore tYpically about 2.25

m, like in the conventional refrigerator ships.

In the embodiment shown in fig. 2, the refrigerated hold
deck 130 is arranged at a height above the weather deck
23'" of about 100% of the moulded depth of the ship meas-
ured to the main deck 23' from the base line, which means
that the refrigerated hold section 30 comprises a total
of eight tween decks, four of which are below the level
of the weather deck 23, 23'. It will thus be possible to
stack refrigerated goods at a greater height than in the
conventional refrigerator ships. When comparing with the
conventional refrigerator ship 1 of a corresponding
length shown in fig. 1, it will be clear that selection
of a suitable height of the refrigerated hold deck 130
will provide the same loading capacity for refrigerated

goods.

Fig. 2 moreover shows a situation in which the ship 20 is
fully loaded with refrigerated goods (indicated in
hatched line) 1in the refrigerated hold section 30 and
with a plurality of containers 32, 32' (indicated in dot-
ted line) stacked on top of each other in the hold sec-
tions 28, 28' and on the weather deck 23, 23'. As the
weight per volume unit of the refrigerated goods is typi-

cally smaller than for the containers, as mentioned be-



WO 99/28182 PCT/DK98/00527

10

15

20

25

30

35

16

fore, the possibility of stacking containers near the
keel will mean that the total centre of gravity of the
cargo 1s relatively low in relation to a conventional re-
frigerator ship of a corresponding length and loaded with
the same number of containers. It is hereby possible to
stack a larger number of containers on top of each other
with approximately the same stability conditions as in
the conventional refrigerator ship. In the situation of
sailing without refrigerated goods, it may moreover be
possible to reduce the size of the water ballast in some

embodiments.

Table 1 below serves to illustrate some of the advantages
of the invention. In the table, the capacity of a ship
according to the invention constructed with a length of
150 metres and with a refrigerated hold with a length of
about 50 metres, a width corresponding approximately to
the width of the ship (about 25 m) and with eight tween
decks (fig. 2) is compared with a conventional refrigera-
tor ship with the same length as shown in fig. 1. The
building costs for both ships will typically amount to
DKK 220 million (1997). For both vessels, the distance
between the base line and the weather deck will be about

13.3 m and the width will approximately be the same.

TABLE 1

(First fundamental embodiment of the invention)

CARGO THE INVENTION CONVENTIONAL SHIP
A Bananas 5000 tons 5000 tons
B BRananas 5000 tons 5000 tons

Other cargo max. 600 containers max. 150 containers

C Bananas 0 0
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Other cargo max. 600 containers max. 150 containers

It should be added that the rear weather deck 23 may very
well be arranged at a lower level than the front weather
deck 23', and then the first-mentioned part of the vessel
does not have to be shielded against the waves to the
same high extent. In this situation, the position of the
refrigerated hold deck 130 relative to the weather deck
may then be determined on the basis of the level of the

front weather deck 23'.

Second fundamental embodiment of the invention

Fig. 3 shows an example of a conventional tanker 201 hav-
ing a hull comprising a sheathing 202 and a weather deck
203 which constitutes the upward closure of the hull. The
tanker 201 has a rear part 205 comprising the necessary
machinery for the propulsion of the ship, fuel tanks and
a deck superstructure comprising premises 206 for the
crew and a navigating bridge 207. In addition, the ship
201 comprises a front part 215 with the stem and bulb of
the ship, and a central part 209 with a hold 210. The
hold 210 1s formed by a tank which is shown in hatched
line, and which comprises a plurality of independent com-
partments whose walls may be formed by the sheathing 202.
The tank is defined upwardly by the weather deck 203 of
the ship and downwardly by the bottom 208 of the ship.
Ships of this type are typically constructed solely with
a view to carrying an amount of liquid, primarily oil, as
large as possible, and the ships will have no cargo in
the tank when returning to the o0il store. The tank is ar-
ranged to extend over about 80% of the total length of

the tanker in the fore-and-aft direction of the ship.

Because of the current safety rules it is not allowed to

carry a surface cargo in the form of e.g. containers
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above the tank on the weather deck 203 on board conven-
tional tankers, which unduly limits the owner's earnings.
If the safety rules allowed such surface cargoes, the
possible stacking height of e.g. containers on the
weather deck 203 would be limited in any event when sail-
ing without 1liquid in the tank, because the metacentre
height in this load situation would be very high. Compen-
sation of such stability conditions will generally re-
quire mounting of ballast tanks, the result of which is
merely that the ship has to sail with a partial, unprof-
itable load in the form of pumped water. Tankers are thus
generally inexpedient, because, 1f so allowed by the
rules, only a relatively limited number of containers can

be carried on the weather deck.

Fig. 4 shows a vertical longitudinal section  through a
transport ship 220 according to the second fundamental
embodiment of the invention. The shown transport ship
220, like the conventional tanker, comprises a hull with
a sheathing 222, a weather deck 223, 223', a bottom 218
and a hold. The hold is divided into three sections, and
the rear part 225 of the ship comprises the machinery of
the ship as well as a rear hold section 228. The front
part 235 of the ship 220 comprises the stem of the ship
and a front hold section 228'. Both the front and rear
hold sections 228, 228' are defined upwardly by a respec-
tive part 223, 223' of the weather deck, which is formed
with access hatches giving access to the hold sections
228, 228' with a view to vertical lowering of goods, in
particular containers. To allow lowering of containers or
other goods toward the bottom 218, the hatches are pref-
erably arranged in the entire width of the hold sections
228, 228" like in conventional containerships, and the
hatch covers are constructed to support a surface cargo
in the form of containers 232, 232' placed on the weather

deck 223, 223'. The front part 223' and the rear part 223
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of the weather deck are moreover preferably at the same
level above the base line of the ship as the weather deck

203 in the conventional tanker 201 (fig. 3).

In addition, the transport ship 220 comprises a central
part 229 comprising a tank 230, and the extent of the
tank 230 in the fore-and-aft direction of the ship pref-
erably constitutes about 25% - 40% of the total length of
the ship. The width of the tank 230 may preferably corre-
spond to the width of the ship. The tank 230 is intended
to transport liquid goods, such as wine, oil, chemicals
or the like, and is defined upwardly by a horizontal tank
wall 330, which may optionally comprise the conventional
pipe stubs necessary for the filling and emptying. As
shown, the front part 223' and the rear part 223 of the
weather deck adjoin the tank 230. The transverse walls of
the hold sections 228, 228' closest to the tank 230 are
preferably substantially vertical and directly adjoin the

tank 230, optionally via intermediate coffer dams.

In the embodiment shown in fig. 4, the upper, horizontal
tank wall 330 is arranged at a height above the weather
deck 223" of about 1002 of the moulded depth of the ship
measured to the weather deck 223' from the base line.
Furthermore, the volume of the part of the tank 230 ex-
tending above the weather deck 223' corresponds to about
50% of the total volume of the tank_230. A comparison
with the volume capacity of the conventional tanker 201
of a corresponding length shown in fig. 3 will show that
selection of a suitable height of the tank wall 330 will
generally provide the same volume capacity for liquid in

the tank as in the conventional tanker.

Fig. 4 shows a situation where the ship 220 is fully
loaded with 1liquid (indicated in hatched line) in the
tank 230 and with a plurality of containers 232, 232'



WO 99/28182 PCT/DK98/00527

10

15

20

25

30

35

20

(indicated in dot-hatched line) stacked above each other
in the hold sections 228, 228' and on the weather deck
223, 223'. The stacking height of the containers 232,
232" will usually be limited partly owing to the stabil-
ity of the ship against heeling and partly by interna-
tional maritime rules, according to which the line of
sight 204 from the navigating bridge must reach the sur-
face of the sea at a distance from the stem corresponding
to the length of the ship. As the containers may be
stowed relatively low against the bottom 218 of the ship,
a considerable number of containers can be carried with-
out any danger to the stability of the ship, both without

and with a cargo of oil in the tank 230.

Fig. 5 is a lateral more detailed view of the transport
ship shown in fig. 4. The figure shows an example of an
expedient stacking of the containers 232, 232' and a con-
crete construction of the tank 230. As will be seen, the
tank 230 may consist of a plurality of independent cylin-
drical compartments, which have a vertically extending
longitudinal axis, and which extend from the bottom 218
of the ship to the line of sight 204. The compartments
may be arranged at a certain mutual distance and may op-
tionally be adapted for the transport of various types of
liquid.

Although fig. 5 shows containers 232, 232' arranged in
all hold sections, it i1s clear that some or all of these
hold sections 228, 228' may be filled with another type
of goods, e.g. general cargo or particulate goods. Owing
to the stability of the ship 220, particularly when sail-
ing without liquid in the tank 230, it will be important
to place a cargo, be it general cargo or containers, in

the hold sections.
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Table 2 below serves to illustrate some of the advantages
of the invention. The table compares the capacity of e.g.
a ship (see fig. 5) according to the invention con-
structed with a length of 180 metres and a width of about
30 metres, and with a tank 30 having a volume of 20,000
m’ and a height from the weather deck 23' to the upper
horizontal tank wall 130 of about 30 metres, with a con-
ventional tanker as shown in fig. 3 with the same
length/width and the same tank capacity. The cost of con-
struction for both ships will typically amount to DKK 220
million (1997). For both vessels, the distance between

the base line and the weather deck will be about 14 m.

TABLE 2
(Second fundamental embodiment of the invention)
CONVENTIONAL SHIP

CARGO COMBINATION THE INVENTION

0il 16,000 tons 16,000 tons
Containers 0 0

0il 16,000 tons 16,000 tons
Containers

- on deck about 1000 0

- in hold about 500

0il 0 0
Containers

- on deck about 1000 0

- in hold about 500 0

It should be added that the rear weather deck 223 may
very well be arranged at a lower level than the front
weather deck 223', as the first-mentioned part of the
vessel does not have tc be shielded against the waves to
the same high extent. In this situation, the position of
the wupper wall 330 of the tank 230 relative to the
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weather deck may be determined on the basis of the level

of the front weather deck 223'.



WO 99/28182 PCT/DK98/00527

10

15

20

25

30

35

23

Patent Claims

1. A transport ship (20) having a hull comprising a
sheathing (22), a weather deck (23, 23') and a hold (28,
28', 30), and having a front part (35), a rear part (25)
and a central part (29), characterized in

- that the front part (35) of the ship comprises a hold
section (28') defined by the hull and the weather deck
(23"), and access hatches provided in the weather deck
(23') to give access to said hold section (28'),

- that the rear part (25) of the ship comprises a hold
section (28) defined by the hull and the weather deck
(23), and access hatches provided in the weather deck
(23) to give access to said hold section (28),

- that the central part (29) of the ship comprises a re-
frigerated hold section (30) defined by an upper ther-
mally insulated refrigerated hold deck (130), a thermally
insulated bottom and by thermally insulated walls (132,
133...) extending in the transverse direction and longi-
tudinal direction of the ship, and

- that the weather deck (23, 23') is adapted to support a

cargo.

2. A transport ship according to claim 1, ¢ har ac -
terized in

- that the upper refrigerated hold deck (130) is provided
at a height above the weather deck (23, 23') of between
20% and 200%, preferably between 50% and 150%, of the
moulded depth of the ship (20) measured to the weather
deck (23, 23").

3. A transport ship according to claim 1 or 2, cha r -
acterized in
- that the insulated walls (132, 133) extending in the

transverse direction directly adjoin the hold section
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(28, 28'") in the front and/or rear part (25, 35) of the
ship.

4. A transport ship according to any one of the preced-
ing claims, characterized in

- that the thermally insulated walls extending in the
longitudinal direction adjoin the sheathing (22) of the
hull.

5. A transport ship according to any one of the preced-
ing claims, characterized in
- that the upper refrigerated hold deck (130) is adapted

to support a cargo.

6. A transport ship according to any one of the preced-
ing claims, characterized in

- that the navigating bridge (27) of the ship and the
premises (26) of the crew are provided on the upper re-

frigerated hold deck (130).

7. A transport ship according to any one of the preced-
ing claims, characterized in

- that the refrigerated hold section (30) 1is provided
with tween decks (31), and

that the distance between the tween decks is about 2 m

- 3 m, preferably about 2.25 m - about 2.5 m.

8. A transport ship according to the preceding claim,

characterized in

that the tween decks (31) are constructed as a grating,
and that the cooling takes place by means of circulating

air.

9. A transport ship according to any one of the preced-

ing claims, characterized in
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- that the access to the refrigerated hold section (30)

is provided in the thermally insulated walls.

10. A transport ship according to any one of the preced-
ing claims, characterized in

- that the propulsion means of the ship are provided
abaft the hold section (28) in the rear part (25).

11. A transport ship according to any one of the preced-
ing claims, characterized in

- that the length of the refrigerated hold section (30)
constitutes between about 20% and 50%, preferably between
about 25% and 45%, of the total length of the ship.

12. A transport ship according to any one of the preced-
ing claims, characterized in

- that the thermally insulated walls (132, 133...) of the
refrigerated hold section (30) are arranged symmetrically

about the midship section and the middle-line plane.

13. A transport ship according to any one of the preced-
ing claims, characterized in

- that access hatches to the hold sections (28, 28') are
provided substantially in the entire width of the hold

sections (28, 28'").

14. A transport ship (220) adapted for simultaneous
transport of a cargo consisting of i) a liquid, particu-
larly oil, and 1ii) a plurality of containers (232, 232'")
as well as 1ii) optionally at least one additional type
of goods, said transport ship having:

- a hull comprising a sheathing (222), a weather deck
(223, 223'), a bottom (218) and a tank (230) for storing
and transporting said liquid, and

- a front part (235), a rear part (225) and a central
part (229),



WO 99/28182 PCT/DK98/00527

10

15

20

25

30

35

26

characterized in

- that the ship comprises a plurality of hold séctions
(228, 228') defined by the bottom (218) and the weather
deck (223, 223"), said hold sections. (228, 228') being
adapted to store containers (232, 232') and/or the op-
tional additional type of goods,

- that the weather deck (223, 223') is adapted to support
containers (232, 232'),

- that the weather deck (223, 223') comprises access
hatches giving access to said hold sections (228, 228'),
and

- that the tank (230) for storing the liquid extends from
the area at the bottom (218) of the ship upwards to a
height above the weather deck (223, 223").

15. A transport ship according to claim 14, ¢ h a r a c-
terized in

- that the total volume capacity of the tank (230) essen-
tially corresponds to the volume capacity of the tank in
a conventional tanker (201) having a hull of correspond-

ing dimensions.

l6. A transport ship according to claim 14 or 15,
characterized in

- that the tank (230) has a total volume capacity of be-
tween about 5,000 and 100,000 m’, preferably about 40,000
m®, and

- that the hold sections (228, 228') are adapted to ac-
commodate a total of at least about 200, preferably at

least about 450 standard containers.

17. A transport ship according to any one of the preced-
ing claims 14-16, characterized in
- that the hold sections (228, 228') have transverse

walls which are substantially vertical and which directly
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adjoin the tank (230), optionally with intermediate cof-
fer dams, and i

- that the walls of the hold sections (228, 228') extend-
ing in the longitudinal direction of the ship are formed
by the sheathing (222) of the hull.

18. A transport ship according to any one of the preced-
ing claims 14-17, characterized in

- that the front part (235) of the transport ship com-
prises one of said hold sections (228'"),

- that the rear part (225) of the transport ship com-
prises one of said hold sections (228), and

- that the central part (229) of the transport ship com-
prises said tank (230).

19. A transport ship according to any one of the preced-
ing claims 14-18, characterized in
- that the tank (230) is divided into a plurality of in-

dependent compartments.

20. A transport ship according to the preceding claim,
characterized in
- that the independent compartments are cylindrical or

spherical.

21. A transport ship according to any one of the preced-
ing claims 14-20, characterized in

- that the tank (230) extends upwards to a height above
the weather deck (223, 223') of between 10% and 200%,
preferably between 50% and 150%, of the moulded depth of
the ship (220) measured to the weather deck (223, 223').

22. A transport ship according to any one of the preced-

ing claims 14-21, characterized in
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- that the tank (230) extends upwards to a height above
the weather deck (223, 223') of at least about 10 metres,
preferably at least 15 metres.

23. A transport ship according to any one of the preced-
ing claims 14-22, characterized in

- that the volume of the tank above the weather deck
(223, 223') constitutes at least 20%, preferably between
about 40% and 60%, of the total volume of the tank.

24. A transport ship according to any one of the preced-
ing claims 14-23, characterized in

- that access hatches to the hold sections (228, 228'")
are provided substantially in the entire width of the
hold sections (228, 228'").
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