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icebreaking Vessel

Technical field

The present invention relates to an icebreaking vessel for operation in a body
of water with a water surface at sea level, which vessel includes a hull with a
bottom, a bow part and a stern part, which bow part comprises a forward in-
clined upper bow portion, a bulbous lower bow portion with a bulb root section
at a given position of the bulbous lower bow portion in a longitudinal direction
of the vessel, and an intermediate bow portion between the forward inclined
upper bow portion and the bulbous lower bow portion, which icebreaking ves-
sel is designed with a construction waterline, an upper ice waterline and a low-
er ice waterline, according to the preamble of claim 1. The present invention
also relates to a method for operating an icebreaking vessel according to the
preamble of claim 8.

Background art

in marine vesseils it is known that resistance, and consequently power demand
and fuel consumption can be reduced by installing a bulb-shaped body, a so-
called bulbous bow at the bow of the vessel. The bulbous bow, when appropri-
ately designed, influences the wave system generated by the vessel so that
energy loss is reduced. An example can be found in e.g. EP 2 381 533 B1, in
which the bulbous bow is designed for open water conditions.

Traditionally, bulbous bows have not been considered suitable for vessels op-
erating in ice conditions. However, in recent times vessels intended for opera-
tion in ice infested waters, i.e. in ice conditions have been designed with bulb-
ous bows. Examples may be found in e.g. KR 20120139268, KR
20080107070, and KR 20060039270. The designs of these known vessels,
however, represent a compromise in view of the desire and need to have a
vessel that can be operated both in open water and in ice conditions. Ice con-
ditions represent several constraints to the design of an advantageous hydro-
dynamic form of a bulbous bow. As a consequence, the performance of known
vessels with bulbous bows is neither comparable fo a well-designed bulbous
bow for open water nor to a well-designed icebreaking bow.



Summary of invention

Embodiments of the present invention overcome the drawbacks of background art
and to achieve a vessel with efficient ice breaking capacity in difficult, moderate and
fight ice conditions and also to ensure that operational efficiency in open water is not
impaired.

According to a first aspect of the present invention, there is provided an ’icebrgaking
vessel for operation in a body of water with a water surface at sea level, which
icebreaking vessel includes a hull with a botiom, a bow part and a stern part, which
bow part includes a forward inclined upper bow portion, a bulbous lower bow portion
with a bulb root section at a given position of the bulbous lower bow portion in a
longitudinal direction of the vessel, and an intermediate bow portion be-tween the
forward inclined upper bow portion and the bulbous lower bow portion, which
icebreaking vessel is designed with a construction water line, an upper ice water line
and a lower ice water line, wherein an upper surface of the bulbous lower bow
portion is arranged to be at or in the vicinity of the water surface when the vessel
operates at the construction water line of the vessel, a lower surface of the bulbous
lower bow portion is arranged to penetrate the water surface when the vessel
operates at the lower ice water line of the vessel, and the forward inclined upper bow
portion is arranged to penetrate the water surface when the vessel operates at the
upper ice water line of the vessel, and a cross-sectional area of the bulb root section
of the bulbous lower bow portion at the given position is smaller than a cross-
sectional area of the bulbous lower bow portion at a first position in the longitudinal
direction of the vessel forward of the given position and larger than a cross-sectional
area of the bow part under the construction water line at a second position in the
longitudinal direction of the vessel aft of the given position.

According to a second aspect of the present invention, there is provided a method of
operating an icebreaking vessel in a body of water with a water surface at a sea
level, which icebreaking vessel includes a hull with a bottom, a bow part and a stern
part, which bow part includes a forward inclined upper bow portion, a bulbous lower
bow portion with a bulb root section at a given position of the bulbous bow portion in
a longitudinal direction of the vessel, and an intermediate bow portion be-tween said
forward inclined upper bow portion and the bulbous lower bow portion, whereby the
icebreaking vessel is designed with a construction water line, an upper ice water line
and a lower ice water line, wherein according to the method an upper surface of the
bulbous lower bow portion is kept at or in the vicinity of the water surface when the
vessel operates at the construction water line of the vessel, a lower surface of the
bulbous lower bow portion penetrates the water surface when
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the vessel operates at the lower ice water line of the vessel, and the forward inclined
upper bow portion penetrates the water surface when the vessel operates at the
upper ice water line of the vessel, and movement of ice or chunks of broken ice
backwards along the hull in the longitudinal direction of the vessel is facilitated by a
cross-sectional area of the bulb root section of the bulbous lower bow portion at the
given position that is smaller than a cross-sectional area of the bulbous lower bow
portion at a first position in the longitudinal direction of the vessel forward of the given
and larger than a cross-sectional area of the bow part under the construction water
line at a second position in the longitudinal direction of the vessel aft of the given
position.

The basic idea of embodiments of the invention is to design a marine vessel that has
an efficient performance when required for icebreaking operation in various ice
conditions and that has an efficient performance when required for operation in open
water. The departing point of such a design is the construction waterline. The vessel
is designed so that an upper surface of the bulbous lower bow portion is at or in the
vicinity of the water surface when the vessel operates at the construction water line
of the vessel, that a lower surface of the bulbous lower bow portion is arranged to
penetrate the water surface when the vessel operates at the lower ice water line of
the vessel, and in that the forward inclined upper bow portion is arranged fo
penetrate the water surface when the vessel operates at the upper ice water line of
the vessel. :

The advantages of the present invention can be given as follows.

When the vessel operates at the construction waterline, the vessel is loaded and
without trim. In this floating position of the vessel, the upper surface of the bulbous
lower bow portion is designed to be at or in the vicinity of the water surface. in
practice the definition “at or in the vicinity” defines that the upper surface of the
bulbous lower bow portion is wholly or partly at the water surface, or slightly below or
slightly above the water surface. In ice conditions, the upper surface of the bulbous
lower bow portion advantageously is designed to engage with ice or ice sheets
encountered in light and moderate ice conditions. In other words, in this floating
position the vessel is capable and optimized to operate in light and moderate ice
conditions.

When the vessel operates at the lower ice waterline, the vessel, e.qg., if it is a cargo
carrying vessel, is without cargo and operates in a ballast condition. Alternatively, to
obtain this floating position, the vessel may be intentionally trimmed by shifting
ballast, consumabies or possible cargo. In this floating position the vessel is able fo
operate in light and moderate ice conditions in a sufficiently adequate manner,



WO 2015/092154 PCT/FI2014/051046

10

15

20

25

30

3

When the vessel operates at the upper ice waterline, the vessel operates with
the bow part trimmed down. In this floating position the vessel is capable and
optimized to operate in difficult ice conditions. The trimmed position may be
achieved e.g. by cargo or ballast allocation or shifting of liquids.

In an advantageous embodiment of the present invention, a cross-sectional
area of the bulb root section of the bulbous lower bow portion at the given po-
sition is smaller than a cross-sectional area of the bulbous lower bow portion at
a first position forward of the given position.

The given design of the bulbous lower bow portion, i.e. the smaller cross-
sectional area of the bulb at the bulb root section as compared to the cross-
sectional area of the bulb in front of the bulb root section, further improves the
suitability and the operational efficiency of the vessel in ice conditions. This al-
lows ice or chunks of broken ice to easily travel aft and backwards along the
hull of the vessel.

According to a further advantageous embodiment of the present invention, a
cross-sectional area of the bulb root section of the bulbous lower bow portion
at the given position is larger than a cross-sectional area of the bow part under
the construction water line at a second position aft of the given position. This
further facilitates the travel of ice or chunks of broken ice aft and backwards
along the hull of the vessel.

In an advantageous embodiment of the invention, an angle between the for-
ward inclined upper bow portion and the sea level when the vessel operates at
the upper ice water line is at the most 40°. This improves the icebreaking ca-
pacity of the vessel in difficult ice conditions. In this respect, the angle is pref-
erably in a range between 10 ... 40°

When the vessel operates at the upper ice water line the forward inclined up-
per bow portion intersects with the sea level at a third position in the longitudi-
nal direction of the vessel. In order to improve the passage of the vessel in the
body of water, an angle between the form of the bow part and a vertical plane
at a center line of the vessel at the third position in the longitudinal direction of
the vessel is at least 75°.

To further improve the operation of the icebreaking vessel, it is advantageous
that an angle between the form of the bow part and a vertical plane at a center
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line of the vessel at a position half-way between the third position and the giv-
en position in the longitudinal direction of the vessel is at the most 60°,

Hull, bottom, bow, bulb, bulbous bow and stern represent conventional termi-
nology with regard to marine vessels. The bulb root section is the vertical
cross-section of the bulb at the intersection point where the lower end of the
inclined upper bow portion, i.e. the intermediate bow portion intersects with the
protruding lower bulbous bow portion, i.e. the bulb. in the absence of a clear
intersection point, it would be the aft-most inflection point of a transverse pro-
file of the intermediate bow portion. The length of the vessel is the length of the
vessel in a longitudinal direction of the vessel, between the bow part and the
stern part. The breadth of the vessel means the largest transversal breadth of
the vessel at the construction water line.

The construction waterline defines the waterline on the basis of which the ves-
sel is designed for its principal operation e.g. in relation to loading, propulsion
power, speed, etc. The upper ice waterline defines the highest waterline at
which the vessel is intended to operate in ice. The line may be a broken line.
The lower ice waterline defines the lowest waterline at which the vessel is in-
tended to operate in ice. The line may be a broken line. These waterlines rep-
resent the extremities of different draughts at which the vessel is capable of
operating in ice conditions.

Icebreaking vessels are usually assigned to various ice classes which define
ice conditions in which such vessels have the capacity to operate. Ice condi-
tions are basically defined as difficult, moderate or light. Expressions like fore,
forward, in the front relate to the bow direction of the iongitudinal direction of
the vessel. Expressions like aft, backward, at the end relate to the stern direc-
tion of the longitudinal direction of the vessel. When the vessel operates in ice
conditions, the vessel, as well as its bow part, will engage with ice or an ice
field and thus be subject to and exposed to an ice load from the ice or the ice
field in the surrounding body of water.
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Brief description of drawings

In the following the invention will be described, by way of example only, with
reference to the accompanying schematic drawings, in which

Figure 1 illustrates a side view of an icebreaking vessel according to the inven-
tion,

Figure 2 illustrates the bow part of the icebreaking vessel from below,
Figure 3 a side view of the bow part of the icebreaking vessel,

Figure 4 illustrates a cross-section of the hull of the icebreaking vessel below a
waterline, a so-called frame area curve,

Figure 5 illustrates an enlarged detail of Figure 4, and

Figures 6 and 7 illustrate transversal sections of the forward part of the ice-
breaking vessel.

Detailed description

in Figure 1 the icebreaking vessel is indicated by reference numeral 1. The
icebreaking vessel 1 includes a hull with a bottom 2, a bow part 3 and a stern
part 4. The bow part 3 includes a forward inclined upper bow portion 31, a
bulbous lower bow portion 33 with a bulb root section 34 at a given position S1
of the bulbous lower bow portion in a longitudinal direction of the vessel, and
an intermediate bow portion 32 between the forward inclined upper bow por-
tion 31 and the bulbous lower bow portion 33. The icebreaking vessel 1 is de-
signed with a construction water line W1, an upper ice water line W3, and a
lower ice water line W2, Figure 2 provides a three-dimensional view of the bow
part 3 as described above.

The breadth of the icebreaking vessel 1 is indicated by reference sign B as
shown in Figure 6 and Figure 7. The breadth B means the largest fransversal
breadth of the icebreaking vessel 1 at the construction water line W1. The rel-
evance of the breadth B in view of the design of the icebreaking vessel 1 will
be discussed more in detail below in connection with Figure 6 and Figure 7.

Figure 3 shows the bow part 3 more in detail.
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Figure 3 illustrates that an upper surface of the bulbous lower bow portion 33

is arranged to be at or in the vicinity of the water surface when the vessel op-
erates at the construction water line W1 of the icebreaking vessel 1. In practice
this means that the upper surface of the bulbous lower bow portion is at or in
the vicinity of the water surface. Normally, in this floating position, the icebreak-
ing vessel 1 is loaded and without trim. In ice conditions (ice is indicated by
ICE), the upper surface of the bulbous lower bow portion 33 engages with ice
or ice sheets and breaks the ice from the underside. In this floating position the
vessel is capable and optimized to operate in light and moderate ice condi-
tions.

When the icebreaking vessel 1 operates at the lower ice water line W2 the
lower surface of the bulbous lower bow portion 33 is arranged to penetrate the
water surface. At this floating position the vessel is able to operate in light and
moderate ice conditions in a sufficiently adequate manner. Figure 3 illustrates
how the lower surface of the bulbous lower bow portion 33 engages with the
ice and breaks it downwards under the bulbous lower bow portion.

In the case of a cargo carrying vessel, the vessel would in this floating position
be without cargo and be in a ballast condition. Alternatively, the vessel can be
intentionally trimmed by shifting ballast, consumables or possibly cargo.

When the icebreaking vessel 1 operates at the upper ice water line W3, the
vessel operates with the bow part trimmed down. The trimmed position can be
achieved e.g. by cargo or ballast allocation or shifting of liquids. At this floating
position the vessel is capable and optimized to operate in difficult ice condi-
tions. The forward inclined upper bow portion 31 thus breaks ice downwards
and sideways more or less in a traditional manner as the icebreaking vesse! 1
moves forward.

The icebreaking vessel 1 is thus operated in three different floating positions
which are advantageous in various ice conditions: the upper surface of the
bulbous lower bow portion 33 is kept at or in the vicinity of the water surface
when the vessel operates at the construction water line W1 of the vessel; the
lower surface of the bulbous lower bow portion 33 penetrates the water sur-
face when the vessel operates at the lower ice water line W2 of the vessel,
and the forward inclined upper bow portion 31 penetrates the water surface
when the vessel operates at the upper ice water line W3 of the vessel.
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In the floating position, when the icebreaking vessel 1 operates at the upper
ice water line W3, it is advantageous that an angle ¢ between the forward in-
clined upper bow portion 31 and the sea Jevel (indicated in Figure 3 as the up-
per ice water line W3) is at the most 40°. The angle @ thus represents the de-
gree of inclination of the forward inclined upper bow portion 31. As illustrated in
Figure 3 the angle ¢ of inclination of the forward inclined upper bow portion 31
is relevant at least for the lower part of the forward inclined upper bow portion
31, i.e. the part of the forward inclined bow portion that is closer to the sea lev-
el. The upper part of this bow portion can have, and is shown in Figure 1 and
Figure 3 to have, another degree of inclination.

This configuration further improves the ice breaking capacity of the icebreaking
vessel 1 in difficult ice conditions. In any case, it is preferable that the angle ¢
is in the range of 10 ... 40°. As shown in Figure 3, the forward inclined upper
bow portion 31 intersects with the sea level, which corresponds to the upper
ice water line W3 when the vessel is operated in this floating position, at a third
position S4 in the longitudinal direction of the icebreaking vessel 1.

Optimizing the icebreaking capacity as such of an icebreaking vessel is of
course important, but ice and broken ice also has to be cleared away from the
vessel in order to ensure an efficient passage of the vessel in the body of wa-
ter.

For this purpose, the bow part and the bulbous lower bow portion of the ice-
breaking vessel 1 according to the present invention has an advantageous de-
sign with respect to the profile or transversal projection and the volume distri-
bution in the longitudinal direction of the vessel of the bow part 3 and the bulb-
ous lower bow portion 33. This is illustrated in Figure 4 and Figure 5 with refer-
ence to Figure 1 and Figure 3.

Figure 4 illustrates a frame area curve, i.e. a graph showing the transversal
sectional area of the hull of the vessel below the construction water line W1.
Figure 5 shows an enlarged view of the encircled part of Figure 4. The given
position 81, the first position S2 and the second position S3 are indicated in
these figures. As will be explained in more detail below, the cross-sectional ar-
ea at the given position S1 is smaller than the cross-sectional area at the first
position S2 and the cross-sectional area at the second position S3 is smaller
than the cross-sectional area at the given position S1.
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The profile and the longitudinal volume distribution are configured so that the
cross-sectional area of the bulb root section 34 of the bulbous lower bow por-
tion 33 at the given position S1 is smaller than a cross-sectional area of the
bulbous lower bow portion at a first position S2 in the longitudinal direction of
the vessel forward of the given position S1. Such a configuration, i.e. where
the bulbous lower bulb portion has a smaller cross-sectional area at the bulb
root section than forward of the bulb root section improves the operation of the
icebreaking vessel in ice conditions. The flow of ice or chunks of broken ice
along the hull in a backwards direction of the icebreaking vessel is facilitated
by such a configuration.

Further improvement with regard to the flow of ice or chunks of broken ice
backwards along the hull of the icebreaking vessel is achieved by configuring
the cross-sectional area of the bulb root section of the bulbous lower bow por-
tion at the given position S1 to be larger than a cross-sectional area of the bow
part under the construction water line W1 at a second position S3 in the longi-
tudinal direction of the vessel aft of the given position S1.

When the icebreaking vessel 1 operates at the upper ice water line W3, also
the form of the bow part 3 influences the passage of the vessel in a body of
water, particularly in ice conditions.

An advantageous design of the bow part 3 for the icebreaking vessel 1 when
the vessel operates at the upper ice water line W3 is achieved by configuring
the bow part 3 so that an angle B1 between the form of the bow part 3 and a
vertical plane at a center line CL of the vessel at the third position S4 in the
longitudinal direction of the vessel is at least 75°.

Additionally, it is advantageous that an angle 32 between the form of the bow
part 3 and a vertical plane at the center line CL of the vessel at a position half-
way between the given position S1 and the third position S4 in the longitudinal
direction of the vessel is at the most 60°. It is thus at least preferable, that 1 is
larger than 2.

The angles B1 and B2 are indicated in Figure 6. As noted above, reference
sign B indicates the breadth of the icebreaking vessel 1, which breadth B is the
largest transversal breadth of the vessel at the construction water line W3. The
form of the hull 2 of the icebreaking vessel 1, including the form of the bow part
3, can be curved, whereby the angles 31 and 2 cannot be readily measured.
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Thus, the angle B1 between the form of the bow part 3 and the vertical plane at
the center line CL at the third position S4 is shown as an angle between a bro-
ken line extending from the center line CL of the vessel towards the outer side
of the vessel, whereby B/2 indicates half of the breadth B of the icebreaking
vessel 1.

In a corresponding manner, the angle B2 between the form of the bow part 3
and the vertical plane at the center line CL of the vessel at the position halfway
between the given position S1 and the third position $4 is shown as an angle
between a broken line extending from the center line CL of the vessel towards
the outer side of the vessel.

In view of the above, the angles B1 and B2 are defined based on an angle B as
shown in Figure 7, whereby the angle B is defined to be measured as an angle
between the form of the bow part 3 and the center line CL of the vessel at a
distance of B/10, i.e. at a distance of one tenth from the center line CL of the
vessel, At this distance, in other words very close to the center line CL of the
vessel, the curvature of the hull is generally more constant.

The drawings and the description related thereto are only intended for clarifica-
tion of the basic idea of the invention. The invention may vary in detail within
the scope of the ensuing claims.
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Claims

1. An icebreaking vessel for operation in a body of water with a water surface at
sea level, which icebreaking vessel includes a hull with a bottom, a bow part and a
stern 'part, which bow part includes a forward inclined upper bow portion, a bulbous
lower bow portion with a bulb root section at a given position of the bulbous lower
bow portion in a longitudinal direction of the vessel, and an intermediate bow portion
between the forward inclined upper bow portion and the bulbous lower bow portion,
which icebreaking vessel is designed with a construction water line, an upper ice
water line and a lower ice water line, wherein
- an upper surface of the bulbous lower bow portion is arranged to be at or in the
vicinity of the water surface when the vessel operates at the construction water line
of the vessel,
- a lower surface of the bulbous lower bow portion is arranged to penetrate the
water surface when the vessel operates at the lower ice water line of the vesséi, and
- the forward inclined upper bow portion is arranged to penetrate the water
surface when the vessel operates at the upper ice water line of the vessel, and

a cross-sectional area of the bulb root section of the bulbous lower bow portion
at the given position is smailer than a cross-sectionai area of the buibous lower bow
portion at a first position in the longitudinal direction of the vessel forward of the given
position and larger than a cross-sectional area of the bow part under the construction
water line at a second posifion in the longitudinal direction of the vessel aft of the
given position.

2. lcebreaking vessel according to claim 1, wherein an angle between the forward
inclined upper bow portion and the sea level when the vessel operates at the upper
ice water line is at the most 40°.

3. lcebreaking vessel according to claim 2, wherein the angle is in a range
between 10 ... 40°.

4. - [cebreaking vessel according to claim 1, wherein when the vessel operates at
the upper ice water line the forward inclined upper bow portion intersects with the sea
level at a third position in the longitudinal direction of the vessel, and an angle
between the form of the bow part and a vertical plane at a center line of the vessel at
the third position in the longitudinal direction of the vessel is at least 75°.
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5. lcebreaking vessel according fo claim 1 and 4, wherein an angle between the
form of the bow part and a vertical plane at a center line of the vessel at a position
half-way between the given paosition and the third position in the longitudinal direction
of the vessel is at the most 60°.

6. A method of operating an icebreaking vesse! in a body of water with a water
surface at a sea level, which icebreaking vessel includes a hull with a bottom, a bow
part and a stern part, which bow part includes a forward inclined upper bow portion, a
bulbous lower bow portion with a bulb root section at a given position of the bulbous
bow portion in a longitudinal direction of the vessel, and an intermediate bow portion
between said forward inclined upper bow portion and the bulbous lower bow portion,
whereby the icebreaking vessel is designed with a construction water line, an upper
ice water line and a lower ice water line, wherein according o the method
- an upper surface of the bulbous lower bow portion is kept at or in the vicinity of
the water surface when the vessel operates at the construction water line of the
vessel,
- a lower surface of the bulbous lower bow portion penetrates the water surface
when the vessel operates at the lower ice water line of the vessel, and
- the forward inclined upper bow portion penetrates the water surface when the
vessel operates at the upper ice water line of the vessel, and

movement of ice or chunks of broken ice backwards along the hull in the
longitudinal direction of the vessel is facilitated by a cross-sectional area of the bulb
root section of the bulbous lower bow portion at the given position that is smaller than
a cross-sectional area of the bulbous lower bow portion at a first position in the
longitudinal direction of the vessel forward of the given and larger than a cross-
sectional area of the bow part under the construction water line at a second position
in the longitudinal direction of the vessel aft of the given position.



