WO 2010/087717PCT/NO2010/000030 A ship's fore body form Field of the invention The invention
concerns desigp afivesset hulls. More specifically, the invention concerps-the;shiapgieisships' fore body
forms, as set out in the preamble of claim 1. 5 Background of the invention When a ship is moving in -
and relative to - water, it is subjected to various forms bf resistance by the water. This is discussed by
O.M. Faltinsen, Sea Loads on Ships and Offshore Structures, Cambridge, 1990, 10The resistance
components in various conditions can be stititE#zecr dodoitwm: - calm water resistance, when there
are no waves, - alitRld ¢Ethstimeativshort (small) waves, and - added resistance in long waves (higher
seastates).  Mogt im oqant is the tor%fl resistance, which is a combination of calm water

15resistance and the added comMponEntass YRESHA0LS: Yiers shrelHerlive ResiBTSREEHUe to waves is
usually divided infS B EIRTEARM R sHiPs e Padistarpee auesto Ve frettarrsmibiseBdkimel bow region
of the ship, gnd b) added resistance due to ship motions. The wave length regions where the different -
components dominate are shown in 20figure 1, illustrating typical wave length (X) dependence of

added resistancelaskgvesmtboaeabimaiiasgth "L". The figure shows the two components of resistance
increase, as well as the total resistance increase. Typically, added resistance due to bow wave
reflection dominat®hfhéritiveswaveiterigth sedg ety tHan- halfahét shipbényth OGkrioG:Ipmbile the
added resistancecdues28tershiptheotions dtesdodicantd/herothe shifmetices beanme kuge. This is
typically and Offshore Structures, Cambridge, 1990, :

10 The resistance components in various conditions can be summarized as follows:
- calm water resistance, when there are no waves, '
- added resistance in 'short_(small) waves, and
- added resistance in long waves (higher seastates),

Most important is the total resistance, which is a combination of calm water
15 resistance and the added component due to the waves.

Thus, the added resistance due to waves is usually divided into two components:

a) added resistance due to reflection of waves in the bow region of the ship, and

b) added resistance due to ship motions.

The wave length regions where the different components dominate are shown in
20 figure 1, illustrating typical wave length (A) dependence of added resistance in

waves for a ship of length “L”. The figure shows the two components of resistance

increase, as well as the total resistance increase.

Typically, added resistance due to bow wave reflection dominate when the wave
length ) is less than half the ship length (ML < 0.5), while the added resistance due

25 to ship motions are dominant when the ship motions become large. This is typically
in the region 0.7 < A/L < 1.5, where the wave length is close to the length of the
ship.

When a ship goes in a seaway, the waves induce motions in six degrees of freedom
on the hull. From a resistance point of view, the heave and pitch motions are the

30 most important, which again are strongly coupled. When the hull heaves and pitches
it generates its own wave system, which carries energy away in much the same way
as the siill water wave pattern and thereby creating a resistance force.

The added resistance in small waves is due to bow wave reflection (cf. figure 1),
which again is very dependent on bow shape geometry and forward speed. The ship

35 has very little, or none, motions in these waves as the ship motions are dominated
by the inertia forces in this frequency range.



in the region 0.7< X/L < 1.5, where the wave iength is close to the length of the ship. When a ship
goes in a seawgysthe:waves induce motions in six degrees of freedom@r-ie:ilhodg@m a resistance
point of view, the heave and pitch motions are the 30 most important, which again are strongly
coupled. When the hull heaves and pitches it generatgs its own wave system, which carries energy
away in much the same way as the still water wave pattern and thereby creating a resistance force.

The added resistahB&'Th Sril&ii $hAfeeiecttie 1 himinivd rothectiom (CrigusisEncwmchtagain is very
dependent on boffl&iHisE arn bty aise: fervdrd aspeicde Tesspiphableasaeoyditttmsomaene, motions in
these waves as the2dHip fretidARdreeiphabrsefihy e duextih forces in this frequency range. WO
2010/087717PCT/NO2010/000030 2 In order to design an effective bow to minimize the calm water
resistance and the added resistance in waves, Icnowledge of the most probable sea conditions, wave
heading, speed afgparatipnal Rrefilgds required. 5Summary of the invention The invention is set
forth and characterized in the main claim, while the dependent claims describe other characteristics of
the invention. Thelptrpessafitheifvahtion isdaashieveaibowshapawherabyithe.pdded resistance in
both small and laspmwavesiisredueeshrassmel RS TR NGRS level of 10accelerations, motions in a
seaway and slamming in the bow region. As a result, the vessel can be operated with less fuel

consumption andthforeteeinfdrifoithaéeas womipared tothab afavéenvientienalbow shape. One

embodiment of thesisteeatibnbetinspridesnthiergerwentionalduckhihus hew desiniferdawsainawater

resistancel@he inwehtedidownnibshape comprises dareeidistinetontionsiaach dealing with 15the

three different resisteheanregimas:andia combinalion ol inesenAleneshawRskian .Qptimised for

calm water with acg@;wemtj@ﬂﬂtQ@IQ@@@%@%&W}%@%@{H%&@%%ihemggltg% ediat_e bow

portion: Optimisebigy/Rdiag tis aHderRYBJRSISANGR A STAEr Ay S5 ich are efiected i the
0

bow part region. The energy of 20the wave is treated in a relatively short period of time and the
tendency for The invented bow hull shape comprises three distinct portions, each dealing with
15 the three different resistance regimes, and a combination of these:

» A lower bow portion: Optimised for calm water with a conventional bulbous
bow with low calm water resistance.

* An intermediate bow portion: Optimised to reduce the added wave resistance

in smaller waves which are reflected in the bow part region. The energy of
20 the wave is treated in a relatively short period of time and the tendency for
the small waves to follow the hull shape further aft is generally prevented.

¢ Anupper bow portion: Optimised to reduce the added wave resistance in
larger waves which are mainly due to ship motions. By stretching this part
further forward (relative o a conventional bow shape) and make it more
25 pointing, it will split the biggest waves and make it possible to reduce the
flare angles and the “shoulders” in the bow region.

The inventive a fore body of a ship comprises a bow having an upper bow portion
and a lower bow portion, characterised by a recessed bow portion between the upper
30 bow portion and the lower bow portion.

Advantageously, the recessed bow portion comprises a blunt shaped surface,
curving inwards and backwards from a transition area between the upper bow
portion and the recessed bow portion, said blunt shaped surface being designed to
reflect smaller waves and thus reduce the added wave resistance in smaller waves
35 which are reflected in the recessed bow portion, whereby the energy of the wave is



the small waves to follow the hull shape further aft is generally prevented. An upper bow portion:
Optimised to {gslugedhe;added wave resistance in larger waves which are gy @edo ship motions.
By stretching this part further forward (relative to a conventional bow shape) and make it more
25pointing, it will split the biggest waves and make it pjossible to reduce the flare angles and the
"shoulders" in the bow region. The inventive a fore body of a ship comprises a bow having an upper
bow portion and Z8tREFbdH BErEOEHRIe e inARa hecksderrBdw Horiowibeavestothe upper
30bow portion an@¥R¥ (G erbehwpsorishe Al s rigesbsiystsetedcessed bow portion comprises a
blunt shaped sur%c&écgr\éi&gni%waré S z%réd baacgwards from a transition area between the upper bow
portion and the recessecfjmh OW portion. Said biunt SHapedr e Befy Basibnea s Eflect smaller
waves and thus redUCeH: 8588%88&%’5@{%%@% Srifaferaa e B5vHRh Ere Fheiddeal in the
recessed bow portiBF ATHERSH A& B iy hsiRTE R REID 2010/087717PCT/NO2010/000030 3
treated in a relati | f1i d the tendency for the small yaves to follow the hull shape
rier tisgendcf VNG (R EAIGH et SEh TR tlrses o
generally vertically oriented leading Sdge pRTHoR: PHafEr2h I SHERUHE S EeciblH8M the blunt
5shaped surface a%vcffsdlgv{/% 15 ¥te lower bow portion. In one embodiment, the upper bow portion

comprise reducerflase. analesiARg AcomRRIaRY patiayshgudernarion whereby the added wave
resistance jp laroge wavesd feruced. 10 one embadimeny. $he, dpper bow porlign EX1EMAS beyond the
lower bow portio% %po%gt&% ]f_lorvgragd &(]-dérl'%%tlon. tén ?nothgrre(’ljﬁn oé)lmernt, ThBYoWwerb&h! 5ortion extends
beyond the upper Bow portlgrli) in the forward x-direction. in alrﬁ?gf’é}*red embodiment, the lower bow

portion comprisesma brdbors hewdaorion. BriefAescipton:oh hediauinas ART0esE gad:ather

characteristics of the invention will be clear from the following

Brief description of the drawings

15 These and other characteristics of the invention will be clear from the following
description of an embodiment, given as a non-restrictive example, with reference to
the attached drawings wherein:

Figure 1 is a graph showing typical wave length dependence of added resistance in
waves.,

20 Figure 2 is a principle side view of an embodiment of a bow design according to the
invention.

Figure 3 is a front view of an embodiment of a bow design according to the
invention, viewed in the ship longitudinal direction.

Figure 4a is a line drawing of a bow design according to the prior art, viewed in the
25 ship longitudinal direction (x axis), from the front.

Figure 4b is a line drawing of an embodiment of a bow design according to the
invention, viewed in the ship longitudinal direction (x axis), from the front.

Figure 5a is a line drawing of a bow design according to the prior art, viewed in the
ship transverse direction {y axis), from a side.

30 Figure 5b is a line drawing of an embodiment of a bow design according to the
invention, viewed in the ship transverse direction (v axis), from a side.

Figure 6a is a line drawing of a bow design according to the prior art, viewed in the
ship transverse direction (z axis), from below.



description of an embodiment, given as a non-restrictive example, with reference to the attached

drawings whe{gin; Gidksg 1L is a graph showing typical wave length depghdenss fafdded resistance in
waves. 20Figure 2 is a principle side view of an embodiment of a bow design according to the

invention. Figure 3 is a front view of an embodiment of‘a bow design according to the invention,
viewed in the ship longitudinal direction. Figure 4a is a line drawing of a bow design according to the
prior art, viewed iA & SHRII6HiIR dirEingE RicHbpriReditsntfadim bhe fovignRigersligly is théine drawing of
an embodiment ofy &visnd einiedise il hép toahry drapatitionovi énedsin fhenshiplongitudinal direction (x
axis), from the frolgt. Figure 5a is a line drawing of a bow design according to the prior art, viewed in
the ship transverse &S RFERRS troHFY SidE: Soradinesnie hamd ¢ianasgostias wriisodiment of a
bow design accortit§t%he invention, viewed in the ship transverse direction (y axis), from a side.
Figure 6a is a ling, i f w design according. to.the prigr art, viewed in the ship transverse
dirgection (z £(is), ??g%gb%%)gvg c\I/?/ ) 201 8?%%‘8 N&%gf%/ 8‘3%6%%%5%% %s a line drawing of
an embodiment o%ng%noti/?/ndesign according to the invention, viewed in the ship transverse direction (z
axis), from below pirigrye % isRSRREGHYE Mawekam sMPodimenLar.a oy degign according to the

invention. 5Figure,§,is@,side.wexrafangoapodiment of a bow design according to the invention.
Figure 9 is a plan view of an embodiment of a bow design according to the invention, viewed from

below. FigureFighis Ehisthesther spaptiveveenwbamambedimanthanbawsiesionassaiding 10to
the inventid®.  to the invention.

Detailed description of an embodiment

In the following description and in the claims, spatial coordinates and directions are
made with reference to a conventional three-dimensional coordinate system where

15 the ship length direction, width direction and height direction correspond
respectively to the x-axis, y-axis and z-axis of the coordinate system, and wherein
the x-axis and the y-axis are oriented in the horizontal plane while the z-axis is
oriented in the vertical plane. The forward direction of the ship corresponds to the
positive x-direction and the upward direction corresponds to the positive z-

20 direction. The xz-plane defines a longitudinal plane and the yz-plane defines a
transversal plane.

With reference to the attached drawings, the inventive ship fore body 1 comprises a
bow having an upper bow portion 30 and a lower bow portion 10 and a recessed
bow portion 20 between the upper bow portion 30 and the lower bow portion 10.

25 Referring to figure 2, these three bow portions are schematically illustrated. By
' virtue of this design, three zones may be defined:

Zone A: Low calm water resistance zone, in which the operative element is the
lower, bulbous bow portion 10;

Zone B: Small wave crushing zone, in which the operative element is the
30 intermediate, recessed and blunt bow portion 20; and

Zone C: Larger wave splitting zone, in which the operative element is the
comparably narrow upper bow portion 30, having a shape which efficiently splits
the larger waves,



Detailed description of an embodiment In the following description and in the claims, spatial
coordinates agg,difpeHons are made with reference to a conventional thggencingssiangl coordinate
system where 15the ship length direction, width direction and height direction correspond respectively
to the x-axis, y-axis and z-axis of the coordinate syster§1, and wherein the x-axis and the y-axis are
oriented in the horizontal plane while the z-axis is oriented in the vertical plane. The forward direction
of the ship correspotgsirytheopositpe thatiesesicd bewl pheiopRardadifectvinedretponiee the positive
z- 20direction. Thextepiené adefintemstiongitedihbétesrerermishicbpzy planedefidds atrendversal plane.
With reference to gheiaitachitidteavdngs, shdgmeeritive ship7ose bodyskeonfprisesdipomshaving an
upper bow portionRRtanayadeweidkas, pattieds Hantaperases-Rowpartern0haimeeandhe upper
bow portion 80 anghthdpwenkanapritionshSaidhRaifdEng e figlyreppethase tBresnb@w portions are

schematically illustrated. By virtue of this design, three zones may be defined: Zone A: Low calm water
resistance zone, ifinvidhbimtseappératitreclémehtridithesiowienr, Bateoasdidnspediionti®pdded Zone B:
Small wave crushingzesséstianarhich the operative element is the 30intermediate, recessed and blunt
bow portion 20; and Zone C:Larger wave splitting zone, in which the operative element is the
comparably narroféfhes K656 ROH BULRRFIGRIIGTAe IRl emteity wpmrsddesdifger waves.

WO 2010/08771 78T Aqtion kb/cdoososhn ithistrive cabrd shapetienfs de ssedibvfopoftioh 20 may be
defined as e sutface}terdivipirdmeafranditiontate 17 lbetwbslbeecdssedonem pbrtion and the upper
bow portion, as illystrated in e.qg. figures 3, 5B and 7. As can be seen from the figures, a blunt shaped
surface 23, extends$ W?WSGHQWBWWJ&OPMI&?UWB@%WQFGé’%ﬁd’%%’é’&&@a“f%ﬂﬁ% manner of
speaking "undernE&ttretHareppErbE pORTBRPEBLTHE BILIRSHATRPEIRRE samparsefetitsmaller
waves and thus réggetHelafiges fiw el Pesisaimseontrlabetie iebisise i p GALPOMBIE comprises a
generally verticallyesisieneedridaigigretiefe portion 21, which in the illustrated embodiment extends in a

z-direction, from
Ig Referring to figure 1, an effect of the invention is that the added resistance is

lowered, compared to a bow design according to the prior art, particularly in the
left-hand part of the graph as the added resistance due to bow reflection is lowered.

20



10the blunt shaped surface 23 and down to the lower bulbous bow portion 10. As can be seen
particularly from figure 4B, the upper bow portion 30 comprise reduce flare angles and a comparably
narrow shoulder portion 32, compared to the prior art (cf. figure 4A). This feature contributes to
reducing the added wave resistance in larger wavgs. 15Referring to figure 1, an effect of the invention
is that the added resistance is lowered, compared to a bow design according to the prior art,
particularly in the left-hand part of the graph as the added resistance due to bow reflection is lowered.
20 6 Claims 1. A fore body of a ship, comprising a bow having an upper bow portion and a lower bow

portion}, and & resessed HOREY '&ﬁpb@ﬂgeae&mm;g%h%e?%m@goﬂ%%'Qwepgxw%ﬁm

characterised in that the recessed bow portion comprises a blunt shaped surface, curving inwards and

backwHiH8 TrEfTY PN STIEIP AR SERS SRR SR B b HIb 1 MFcPiE RetiessekpBRAfPBtdidm, said
blunt shaptd swface hsingdesignesHey eftéctitsinaltdrsudes and:h usvedugel theladdedwave

resist -4 ler, Q h}r re refl ctgdi 1€ [eces ({j)boy)v ortio}n Qltlars é e energy of
eI U ST e et S WIS

. _ ort period of time and the ten the small' waves 0 follow the
hull sHp fietheaftasgreramipravertend uyHednseetboddded cralin Esiihesein teakstasset bow

portioRvERMpréses @aeneidlyovarigalvosieniaddasdingRIge ROTE0N: RoJg frghady afigiim 3,

wherein the leading.edge portion extends in a z-direction. .4. The fore body of claim 3, wherejn the
eading S008 oo B (e EHIE SHALes S SR 1 BB EBRTAU. 5

The faretsotid.of any one of the preceding claims, wherein the upper bow portion comprises reduce
flare angles and a comparably narrow shoulder portion, whereby the added wave resistance in larger
waves. is redyced, 6. The fore body of any of claims 1 - 5, wherein the upper bow portion extends
beyont the &%‘éﬁ%ﬁ%ﬁ NG FERTARY RETFEEIEH D PREITGEBUE Sf assPorbRitEiels,
wheredmi¢hieddwedmbedgpootiomextends beyond the upper bow portion in the forward x-direction. 8.
The fore body of any one of the preceding claims, wherein the lower bow portion comprises a bulbous

bow portion. _
3. The fore body of claim 3, wherein the leading edge portion extends in a z-direction.

4. The fore body of claim 3, wherein the leading edge portion extends form the blunt shaped surface

and down to the lower bow portion.

5. The fore body of any one of the preceding claims, wherein the upper bow portion comprises
reduce flare angles and a comparably narrow shoulder portion, whereby the added wave resistance in

larger waves is reduced.

6. The fore body of any of claims 1 — 5, wherein the upper bow portion extends beyond the lower

bow portion in the forward x-direction.

7. The fore body of any of claims 1 — 5, wherein the Jower bow portion extends bevond the upper

bow portion in the forward x-direction.

8. The fore body of any one of the preceding claims, wherein the lower bow portion comprises a

bulbous bow portion.



