1 A PROPULSI ON AND STEERI NG ARRANGEMENT FOR A SHI P FI ELD OF THE | NVENTI ON
5 The present invention relates to an arrangenent for steering and

propul sion of a ship. The arrangenent is of the kind that conprises a
propeller, a rudder and a bulb | ocated behind the propeller. The invention
also relates to a ship provided with such al arrangement. 10 BACKGROUND OF
THE | NVENTI ON The nobst common neans for propelling ships is the screw
propel l er wherein the axis of rotation of the blades is disposed along the
direction of novenent of the ship. To reduce fuel consunption, the
efficiency of the propeller should be as high as possible. 1In this
context, the efficiency of a propeller that is nounted on a ship is defined
as the 15 rati & PRPNeenOMaANPOWBERINEdERR ANCGEMIPET FOREA 8HiYp forward and t he
power needed to sinply drag the ship forward. Typically, the efficiency of
a propeller is 60 -70 % Since fuel consunption is directly dependent on
the efficiency of the propeller, any inprovenent in the efficiency results
in a correspondildg> OEdUYE INONENTIGMe fuel consunption. 20 In order to
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propel l er be I | wth a streanlined body arranged behind, the
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soneti mes ref ebelgad the papelerChstiavantibibylsqebpultsi gnp plowidpd vith sidphy bul b.
Such a propul si;epdikh is disclosed in, for exanple, British patent 25
specification GB 762,445. That docunent discloses an arrangenent where a
propeller is nounted on a ship in front of a rudder having a rudder post.
A bul b is pPacé&dBehR@UN"her ThitdpMHINIIOdNd a supporting nenber for the bulb

is formed by tRhge idddSmnRASteand for B%?elﬁl@@ﬁpst?._QQE sSHIGESBY RN 4414878
that a torpedo-sha eqlbgg can,. be g EFeﬂ Qphlnd the ﬁr?pghlen. The
t or pedo- shaped "BO&EK! 4 &Pehadies Spaosed 2588 Hiy WeLpa g VY R lFﬁ%Héthorn 30
and unabl e to halusmimigeongingttiovght dfithecystilp. préjofleishahil pe as high & rabsige.
desirabl e that if g FRRAEURLARINLT ¥ d HoRSI000ds ARURESSH PLIB) isldRFifddi 8 the
cont ext, ng OEUVI%PI|Itﬁ i s defined as thF §Lg§ﬁﬂppqe t hat can E )
acconpl i shdd wiH BB iediON B P PEPS PP Ty gAY fE PPyidispdcd o
simply drag the ship forward. Typically, the efficiency of a propelier is 60 — 70 %.
Since fuel consumption is directly dependent on the efficiency of the propeller, any
improvement in the efficiency results in a corresponding reduction of the fuel
consumption.
20
In order to improve the efficiency of propellers, it has been suggested that the propeller
be combined with a streamlined body arranged behind the propeller and coaxial with the
propeller. Such a streamlined bedy is sometimes referred to as a Costa-bulb, propulsion
bulb or simply bulb. Such & propulsion bulb is disclosed in, for example, British patent
25 specification GB 762,445, That document discloses an arrangement where a propeller is
mounted on a ship in front of a rudder having a rudder post. A bulb is placed behind the
propeller and a supporting member for the bulb is formed by the rudder post. k has also
been suggested in WO 97/11878 that a torpedo-shaped body can be placed behind the
propelier. The torpedo-shaped body is described as being suspended in the rudder horn

30 and unable to be swung relative to the ship.

For a ship, it is also desirable that the manoeuvrability is as good as possible. In this
context, manocuvrability i1s defined as the side force that can be accomplished with a

certain angular displacement of the rudder.

It is an object of the present invention to provide an arrangement for steering and
propuision of a ship which has an improved efficiency. It is a further object of the



35 It is an object of the present invention to provide an arrangenent for
steering and propulsion of a ship which has an inproved efficiency. It is
a further object of the 2 invention to provide an arrangenent for steering
and propul sion that has an inproved manoeuvrability w thout increased
steering gear torque. DI SCLOSURE OF THE | NVENTI ON 5 According to the

i nvention, a propulsion and steering arrangenent for a ship conprises a
rotary propeller with a hub and one or several propeller blades.
Preferably, the propeller has at |east two propeller blades. A turnable
rudder is arranged behind the propeller in the direction of novenent of
the ship. The rudder is twsted, i.e.. curved instead of planar. A
streanl i ned pr apghsinoi phufide ansuramgeegnidbr sgering tepropideen thanlds pit aagedvetlo

behind the pr Opﬂnbﬁ{vm%ﬂﬁ?wﬁtn@t}t n%?te\sé@%e@ﬂn@ﬁé?@%‘?ﬂlebackwar ds by the propeller
will flow around the b . front end of the bulb is separated fromthe

propeller and its hub by a gap. The gap between the bulb and the propeller
is bridged by ®RUbOSHBE MnTPHEeNEENGHONenbodi nents of the invention, the
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t he cap const aptepah@rhat hideasudderopcieattladagdy tulablemaddemsmrdigeribtlend b€ t he

bul b can be equal,.fig if he dqle@rmﬂto@ﬁm%mttnlf'@f AL Qﬁﬁ’h*h% udddPss twk@&‘ﬁ‘ée&nvédn
advant ageous enbodlne ts o enti o
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axis parallel wth gr coaxi al XIS on of
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at a | evel above suc e an et ween t he
bul b and tHe pt"@b@]dlqé‘? ﬁai&‘*ﬁ P “‘ib‘“% mfzﬁe“ﬁﬂ‘-“élf@F%@F;‘)“S“‘Ph@e"e“ﬁ?‘w%& en the
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The maximum diameter of the bulb can be equal to the diameter of the propeller hub,
However, in advantageous embodiments of the invention, the maximum diameter of the

20 bulb is larger than the diameter of the propeller hub. The maximum diameter of the bulb
can be from 1% to 40 % greater than the diameter of the propeller hub, and preferably
20 % greater.

The bulb may extend along an axis paraliel with or coaxial with the axis of rotation of
25 the propeller but, in an alternative embodiment. it can also extend along an axis that
defines an acute angle with the axis of rotation of the propeller. In the alternative
embodiment, the rear end of the buib may be at a level above the front end of the bulb
such that the angle between the bulb and the propeller axis is 1° - 14°, Preferably, the
angle between the bulb and the propelier axis is 3°- 5°.
30
In some embodiments of the invention, the twist of the rudder decreases from a front
end adjacent the propeller to a rear end which is a distal end in relation to the propeller
such that the rear end of the rudder extends along a straight line. In other embodiments,
at teast a part of the rudder is continuously twisted from a front end of the rudder to a
35  rear end of the rudder



I n sone enbodi nents of the invention, the twi st of the rudder decreases
froma front end adjacent the propeller to a rear end which is a distal
end inrelation to the propeller such that the rear end of the rudder
extends along a straight line. In other enbodinents, at |east a part of
the rudder is continuously twisted froma front end of the rudder to a 35
rear end of the rudder 3 Preferably, the bulb divides the rudder in an
upper part and a lower part that are twisted in opposite directions in
relation to each other. In all enbodinents, the twist of the rudder is
greatest in the area of the bulb and decreases with the distance fromthe
bulb. Preferably, the twi st decreases linearly wth the distance fromthe
bul b. The maxi uwferablyf e Bilb divideh éerudidein amappdy@an pnd olodbr pBRIERDESGH PTI ON
OF THE DRAW NG, Fi dﬂ)snel d1%@t‘?c\"§ ! aﬁB?%’&gﬂ&ﬂél ﬁcﬁ%ﬁyoﬂignehﬁ HD&yBrgaRNt

i nvention arrange I Q. ows | n g aat er
detail the arraw&i@wér&tmaﬁwr'@alefofﬂﬁb@ @dgﬁ%%ch“"é}@igé‘gé“é@tﬁ%ﬁ G0 e
rudder of Fig. P2eferablyghe dvisthiowsasas ldickfl g wvahtheah osse SentthomnliofTht haxinudder .
Fig. 5 showg t%mf&qg@md@énﬁ Ll{(pmoabove Fig. 6 shows a cross section
according to an alternative iment. 15 Fig. 7 another cross section
fromthe sane enbodi nent shown in Fig. 6. Fig. 8 shows the rudder and the
hub cap from alBRIEFWESORIPEONOBSHE BRAWINGSneut ral position. Fig. 9 shows
a view of the r T4 qer Si mok&@‘m tn(?'ln ;lilgen@c&)%my% the Q}e%nﬂlﬂ%ggnti'tj’{n@&goﬂ fle OF der
to cause the ship to chang direction of mov 10 1s a view
simlar to Fig. 2 but sﬁ?i\‘moﬁ@?lai’rot her enbodi nent of the invent| on. Fig. |

| shows a leosS%gsectl ongllowy iiregveér detid doud:bingarcknt beFipub cap according to one
enbodi nment . h2a shg\gaftatgﬁogp%g F%Pcfftﬁﬂ%dﬁ’mﬁﬁfo”?”t shown in Fig. 11. 25

Fig. 12bis a rgont vi ew o g i.e. as seen from
the right in ﬂ%’ 12a. shows a different cross section of the rudder.

[Fig. 5 shows the rudder as seen from above,
Fig. 6 shows a cross section according to an alternative embodiment.
15 Fig.7 another cross section from the same embodiment shown in Fig. 6.
Fig. 8 shows the rudder and the hub cap from above when the rudder is in a
neutral position.
Fig. 9 shows a view of the rudder similar to Fig. 8 but with the rudder turned in
order to cause the ship to change its direction of movement.
20 Fig. 10 is a view similar to Fig. 2 but showing another embodiment of the
invention.
Fig. 11 shows a cross-sectional view of the bulb and the hub cap according to one
embodiment.
Fig. 12a shows the bulb of the embodiment shown in Fig. 11,
25 Fig. 12b is a front view of the bulb shown in Fig. 12a, i.e. as seen from the right in
Fig. 12a.

DETAILED DISCLOSURE OF THE INVENTION
The invention shall now be explained in greater detail with reference to Fig. 1 and Fig.
30 2. Ascan be seen in Fig, 1, the inventive arrangement 1 for steering and propulsion of a
ship 2 is mounted on the aft portion of a ship 2. The inventive arrangement comprises a
rotary propeller 3 mounted on a drive shaft 4. When propelier is driven by drive shaft 4,
the propelier 3 will propel the ship 2 forwards in the direction of arrow A (it should be
understood that the drive can also be reversed to cause the ship to go astern). When the
35 ship 2 is propelled forwards by the propetler 3, water that has passed the propeller 3 will
travel backwards against a turnable rudder 6 that is located downsiream of the propeller
3, i.¢. behind the propeller 3. In this context, the terms “downstream™ and “behind”



DETAI LED DI SCLOSURE OF THE | NVENTI ON The i nvention shall now be expl ai ned
in greater detail with reference to Fig. | and Fig. 30 2. As can be seen
in Fig. I, the inventive arrangenent 1 for steering and propul sion of a
ship 2 is nmounted on the aft portion of a ship 2. The inventive arrangenent
conprises a rotary propeller 3 nounted on & drive shaft 4. Wen propeller
is driven by drive shaft 4, the propeller 3 will propel the ship 2
forwards in the direction of arrow A (it should be understood that the
drive can also be reversed to cause the ship to go astern). \Wen the 35
ship 2 is propelled forwards by the propeller 3, water that has passed the
propeller 3 will travel backwards against a turnable rudder 6 that is
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with reference 't rect |on novenent of the ship (as
i ndi cat ed by tWé“éWPb“FRYﬁ”TH@”FdH@@P 6 is nmounted on a r udder stock 7 that
can turn to control the position of the rudder 6. 5 As indicated in Fig.
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A streanined Q%Lp“%qnggﬁq&g%p(ﬂpggdantegral with the rudder 6. Wen the
propeller 3 is ctive, water ron1t e propeller will flow over the bulb

10. When the water flows over the streamined bulb 10, the efficiency of
t he propel lier hsuhmmmaﬁﬂﬁd;uNWﬁhaﬂManshbmglwmlmbeu%auhNVhyuwhequ¢t1t is
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this reason, thée h ﬁf erelatively short. On the
other hand, it \wbmlmlmﬂnt%al v el s conmerteligde e - Hergt hidties Reethiib cap
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20 result, the efficiency is somewhat reduced, albeit marginally. For this reason, the hub
cap 13 should preferably be relatively short. On the other hand, it would not be
desirable to reduce the length of the hub cap 13 to zero since that would make it
necessary to increase the length of the bulb 10 in order to bridge the gap between the
bulb 10 and the propeller. Since the bulb 10 is integral with the rudder, this would make

25 it harder to turn the rudder 6. The fength of the hub cap 3 must consequently be a
compromise between partially opposite requirements.

As indicated in Figs. 2, 8 and 9, the hub cap 13 meets the upstream or forward end 11 of
the bulb 10 at a transition 14 where the forward end 11 of the bulb 10 projects into a

30 part of the hub cap 13. However, the bulb 10 does not need to actualiy contact the hub
cap 13. In preferred embodiments, there is a small distance between the hub cap 13 and
the forward end 11 of the bulb 10. As best seen in Fig. 8 and Fig. 9, the rudder 6 can
turn. When the rudder 6 turns, it necessarily turns in relation to the hub cap 13. To avoid
contact between the hub cap 13 and the bulb 10, the hub cap and the front end of the

35 bulb 10 are designed keep the distance between the bulb 10 and the cap constant when
the rudder 6 is turned. To achieve this effect, the forward end 11 of the bulb 10 may be
curved and have a curvature corresponding to the distance from the rudder stock 7 to the



necessary to increase the length of the bulb 10 in order to bridge the gap
between the bulb 10 and the propeller. Since the bulb 10 is integral with
the rudder, this would nmake 25 it harder to tun the rudder 6. The |ength of
the hub cap 13 nust consequently be a conprom se between partially
opposite requirenents. As indicated in Figs.® 2, 8 and 9, the hub cap 13
neets the upstreamor forward end 1 1 of the bulb 10 at a transition 14
where the forward end 1 1 of the bulb 10 projects into a 30 part of the hub
cap 13. However, the bulb 10 does not need to actually contact the hub cap
13. In preferred enbodi nents, there is a small distance between the hub cap
13 and the forward end 11 of the bulb 10. As best seen in Fig. 8 and Fig.
9, the rudder Goean eddurnf héhamn ohe/hilkddrsul&bd tedSsom the fegedgandtkhe tullr ns i n
relation to th N, ot nd
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20 The design of the rudder shall now be explained with reference to Figs. 3 - 7.
According to the invention, the rudder 6 is twisted such that has a curved surface. The
twist of the rudder can be expressed as the angle §§ with which a part of the rudder 6
deviates from a vertical plane P when the rudder is in a neutral position, the vertical
plane P being the plane defined by the axis of the rudder stock 7 and the axis of the

25  drive shaft 4. The curvature or twist of the rudder 6 corresponds to the direction of
rotation of the water propelled backwards by the propeller 3 when the propeller 3 drives
the ship forward. The rudder is twisted in such a way as to meet the swirling water that
flows against the rudder 6. The maximum twist of the rudder is o be found in the area
around the buib 10, The bulb 10 is located substantially coaxially with the propeller axis

30 4 or drive shaft 4 (for convenience, the same reference numeral 4 is used to designate
both the drive shaft and the propeller axis since the propeller axis coincides with the
drive shaft 4). For this reason, the rotational movement of the water will have different
directions above and below the bulb, Therefore, the area immediately above the bulb 10
is twisted/curved in one direction while the area immediately below the bulb 10 1s

35  twisted/curved in the opposite direction. The twist of the rudder 6 achieves the effect

that a part of the energy in the rotation water is recovered. This increases the efficiency.



20 The design of the rudder shall now be explained with reference to Figs.
3 - 7. According to the invention, the rudder 6 is twi sted such that has a
curved surface. The tw st of the rudder can be expressed as the angle (3
with which a part of the rudder 6 deviates froma vertical plane P when
the rudder is in a neutral position, the vertical plane P being the plane
defined by the axis of the rudder stock 7 and the axis of the 25 drive
shaft 4. The curvature or twi st of the rudder 6 corresponds to the
direction of rotation of the water propelled backwards by the propeller 3
when the propeller 3 drives the ship forward. The rudder is twisted in
such a way as to neet the swirling water that flows against the rudder 6.
The maxi mum t wisgtordhgtihen ¢lddenent showvo ibEighound thatwifief die ealdead dagredsashe bul b
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relation to th%x@ﬁcﬂﬂﬁl&@{w]ﬁ 134G BRAL, hﬁogs%@&lo‘ﬁ%@lﬂ% QJdCF &ﬁle'é}%gﬁ@ l@an
extends along a str&g line. n the emb gnet accord

it is also so tRBE ot Tel e nidde S5 ﬁﬂﬁe’r“”@”“ G rellf dRRer F’H %h‘@cﬂéer’eg‘?%ib the
bul b 10 and decyeaseistel.iin@&gr Hya wbishediioe cdirspanioe tohiomrehe Holdthe ddder®i g. 5

is aviewfr Omi%@éﬁ 1, < th@c rudder ex@au\(\ﬂ%ﬁn1MMhst%ﬂ%11@R«H§%s ?d@%smﬁélﬁayltﬁé’\’er

part of the tw ste der can ed. Her It_can be seen how the
front end 85of *h¥e ﬁnlafdféﬁmflssne W.%‘F e ot ow 9 &*&Prt%%&?\)é%%@db@iﬂb 10 and
in the opposi teisdidceatdsontbed dwitchéobuhbbdld is trarthasiotmpbi of thy wateheuisal b 10

is not shown i rxl!\fih_i tHe d1§tan%ﬁgf?1‘fﬁgﬁﬁ)ga?m IfEn. T]Q} 1%&)91n11t§1tw1t€h§tﬁ&%ﬁdf§%d 9 of the

rudder 6 is not tw st the rear eng extends in a straight |ine.
Fig. 3 shows a'®BP6diatele®pyon bVt HebHihd QY“Y@SFPe%Ipondl ng to an upper end
17 of the rudder 6. As can be seen in Fig. 3, the upper end 17 of the

rudder 6 Nt o84t EthoalBlnbine fuad (LASRWIRADRIACE ANh BTHORLIOBiE! § 3
| over end 1 © and Fig. 7. In the Lmbodlmcnt according to Fig, 6 and Fig. 7, at least a part of the rudder
6 is continuously twisted from a front end 8 of the rudder 6 to a rear end 9 of the rudder.
Hence, even when the rudder 6 is in a neutral position, the rear end 9 of the rudder 6
defines an angle Q with a plane P that coincides with the propeller axis 4 (it should be
25 understood that, while the symbol € has been used for the rear of the rudder, this
symbol indicates the twist angle just like the symbol B). It should be understood that
Fig. 6 represents a cross section of the rudder 6 immediately below the bulb 10 while
Fig. 7 represents a cross section of the rudder immediately above the bulb 10. The
continuously curved rudder has the effect that an even greater part of the kinetic energy

30 in the water can be recovered, This results in improved efficiency.

With reference to Figs. 3 — 7, it should also be made clear that the twist angle B does not
have to be equally large above the bulb and below the bulb. In other words, the twist is
not necessarily symmetrical around the bulb. In preferred embodiments of the invention,
35  the twist angle B below the bulb 10 and at a certain distance from the bulb is actually
smaller than the twist angle [§ at the same distance above the bulb 10. The reason is the
following. The twist of the rudder 6 should correspond to the rotational movement of



is showmn. Here, there is still a certain remaining tw st but the tw st as
represented by the 15 angle Ris here nuch smaller than the twist close to
the bulb 10. The reason that the tw st decreases with the distance from
the bulb is that the rotation of the water varies wth the distance from
the propeller axis 4. The maxi numtwi st of t’he rudder 6 immediately above
or below the bulb 10 may be up to 15. 20 A different enbodi nent of the
rudder 6 will now be explained with reference to Fig. 6 and Fig. 7. In the
enbodi ment according to Fig. 6 and Fig. 7, at least a part of the rudder 6
is continuously twisted froma front end 8 of the rudder 6 to a rear end 9
of the rudder. Hence, even when the rudder 6 is in a neutral position, the
rear end 9 of tlivewaierd@er mévendefdfnieswasn langl eidcvimpdnea: qpkiane:gBhttahat
fﬁ;”g;ﬁgzl WIQtEcéh 01@(}9&%1}\56410 @%t«.ﬂlm a\(lé tthe ngclbs%l gﬁhé’ﬂﬁ%ﬁﬂeﬂﬂg}i%&s, whi | e
i ndi cates the {GA98{0 "5AE &gyt valgauy OfH@ “?%’b%?a‘ﬁ?”” e weRiialc B URYSF st ood

that Fig. 6 represenheemettdosasteantdl dire ppdpelibel wiilddet! 'uﬁivcil}rﬂn@dt atrehyornkxel ow
the bulb 10 Wh'tl € dxaeﬁbggpcﬁagﬁt 18&8\%%@& ﬁll& QRS 1%?&%&;9@] E@éwgggEquah

i medi ately” abov ontinuously curved

ef fect that anl@geh agpde Ermphitthegpia ﬁ‘é“%“ﬁ'étli‘@s‘@ﬁ’é@g\}{ew s YoffE Mi&Ser can
be recovered. Thisddeesdtohsa diffeicnpmeed efficiency. Wth reference to Figs.
3 - 7, it should also he nade clear that the twi st angle (3 does not have

to be equally | arge above the bulb and bel ow the bulb. In other words, the
twist is not nSEEEEHAT e Syhned FREa enbodiiegt R BUEXPies vEh srfprggee to
enbodi ment s0of FAdeinvierdhitotme3bshbive if Wigst aralngh.e, H’iel’ﬂs&lbd\[vet(hedsbﬂdn’fg ah0 and at

acertain di st aReqsLEAAYLIR R JidUURl f roRiBRldy e L RNNG, sBM]éBe angl e

f3 at the sane
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the water. The spramene fiitar@id b exivelt 1efati ligs Tinaxdxi sadlorponpanaabuland eaends
tangential @&Eﬁ%bf@%‘éﬁtoﬁ@q%ﬁ‘éqg@l%‘8?10% by SRR Rlucla, b oser Lo the

hul | of the sh duce ity of the water.
As a resul t!? tweﬂtﬁwd@m foand darRyemBicr F ult%tqc}@bwhéewcw\}@WﬁﬂseaeM&W‘éam of
the propeller 30ekichdsbongeahatis Vel phaic@eraniRisriélodtdtaioniioybnitre) taxi al

conponent. Bel qugt CQ%I] {u?{)glg!e wsti%%ﬁxw Eﬂ%ta%&'?gﬁﬂ& g%_t elfe? qpﬂ{%qm‘sinm}fhé?(ﬁg

equally large 1n abs
Hence, the vvat dewrd atager fopdhe prgadier B’”\"P{éf’r‘i‘l”?sf"’élg\"ﬁé]ﬂé*ﬁt”‘&ﬁﬁp@ ﬂ"Wll"PF‘q‘végar dto
the bul b, a dififsefaent z@nbadigmendck whilds, Hove, bemexphaivaedilow tymmetiengnce to

20 around the bulb 10, the bulb 10 should be similarly inclined. In case the bulb 15 is not
symmetrical around an axis of rotation, the axis 15 of the bulb should be thought of as a
straight line from the most forward point of the bulb 10 to the most rearmost point of
the bulb 10.

25  The rear end 16 of the bulb 10 is at a level above the front end of the bulb 10 and the
angle between the bulb 10 and the propeller axis can realistically be in the range of 1° -

14° and a suitable value in many applications can be 3° - 5°.

An other embodiment will now be explained with reference to Fig. 11 and Figs. 12a and
30 12b. Asindicated in Fig. 11, the bub cap 13 has a curved surface 19 adjacent the bulb
10. Asindicated in Fig. 11 and Fig, 12a, the forward end 11 of bulb 10 has a radius of
curvature R, that extends from an imaginary point 24 along the axis of the rudder stock
7. The curved surface 19 of the hub cap 13 has a radius of curvature R, that is somewhat
larger than the radius of curvature R,. The radius of curvature Rz of the surface 19

[
A

should be understood as extending from the same imaginary point 24 as the radius of
curvature R1 of the forward end 11 of the bulb 10. Consequently, the distance between
the hub cap 13 and the bulb 10 can remain constant when the rudder turns. As best seen



10 Fig. 10. In the enbodinment shown in Fig. | and Fig. 2, the bulb 10
extends along an axis 15 parallel with or coaxial wth the axis of
rotation of the propeller 3. It should be wunderstood that the bulb 10 is
suitably a rotational symetrical body (i.e. the bulb 10 is symretri cal
around an axis of rotation). The axis 15 al dng which the bulb 10 extends
shoul d then be understood as the axis 15 of rotational symretry. However,
the 15 inventors have found that even better results can be achieved in
many cases if the bulb 10 extends along an axis 15 (in particular an axis
15 of rotational symmetry) that defines an acute angle with the axis of
rotation of the propeller 3. The reason is that the flow of water fromthe
propel | er mﬁll1@F@enmmBMEwghbghﬁkM3upmamﬁ$mﬁmeaﬂbhﬂwﬁm®pal&ﬂnl(ﬂhsmead of

goi ng straight , qukgwﬁwags Fﬁ&ﬁiﬁm%ﬁ ket tlhl?su\{xﬁgee?() étﬁ\t\@my e masy 20

around the bulb il'd be e the
bulb 15 is not Suigambia ‘@éwI@E%ifﬁ&waﬁt‘dw%ltblﬁgr@@at* B, ' Ponleaspences of t he

bul b shoul d be n:herpit de@fen@ss e b&tEEhghdtwednige dehomstiige?0ahd thorswanddpai nt

f the bulb 10 f d
26 E)f et hg bil b a 8, gnmt?ﬁ{r%% fl%g%icﬂgiéf CBR)AE&L I?x of 1ﬁchﬁm§ll'f1l %Eu f%[ge 2}25*7’10@ Sr Sﬁ(rj teﬂe
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surface 19 adj ale,eecmw!ﬂh%nfmw shqigd Pﬁielﬁmﬂb%%ltoé@ i“ﬁh rbrdghe 1’nluca9fdhprf @‘/6 12a t he
forward endol | 206 dFghdmdOmbasale badk dbinefer DG Uf habulbaOR3y §Hapihg extands) from

an i nmagi nar Qi.nt. 24 al q e.udaer . - ved
sur :c acgl 19 )c/)f pt“lh an ainy alpsu%.)peme ?a)f 'hgs adsnntll ) iflalgg?@cg}%\ﬁiiugg@ﬂ ﬁ)ﬁachnﬁé glgg%gvmm

| arger than théOrtﬂa@lrlwlt@ﬂ b@fwvathap@VF@Ls:enﬂrhiesvrfm%sﬂ%fheé‘aﬁt 0EhaPEPRITEE t he
surface 19 35 $had s;laeotuademe&{ea@ﬂtasraue)x«,ﬁm&icagbé d@onitcien ganeof nagivingr y

poi nt 24 as the radi us curvat, t he bul b
10. Cbnsequentl hmfhﬂnﬁgz%%hce E;%&?m ?1K”%E% g&%ﬁTga%Bﬁ %Sﬁﬁﬁklb 10 can

remai n consfan OWW@h@ﬁheﬂﬁﬂ@ﬁ@f“@@rﬁ§w“W§eb@§ﬁo§@é Bss Jinwppgwhedlie and Fi g
12b, it is onl yudleE@Wdiad!frosld ieate] pdLitien. Teinfpasvenine eftndd Tok phdd10  t hat

has the radius of e %M%F%% of(l;ﬂae m%tnfu% ! m%&%% ) cgg{enqa;@gﬁq%@y an

annul ar surface has and Fig.
12b, the refer éffé}?@ﬂcn@méﬁ*@l ﬂlz@esd’@éﬁ) éna’ﬁ‘é@l @W@d%ﬁ'&é?“b Pﬁé“‘il?i@t/‘i’f%@ﬁ”t he

central surfaceR@nend dohe 18t beURdi N little importance. The reason that the design
20 should be optimised for rudder angles up to 5° is that rudder angles up to 57 is what can
be expected during the major part of a sea voyage in commercial traffic. Rudder angles

larger than 5° are seldom necessary outside the harbour.

Experiments performed by the inventors indicate that the best result can be expected

25 when the radius Rz of the annular surface 21 is about 25% of the maximum diameter Dy
of the bulb 10. In theory, the bulb 10 could of course be designed in such a way that the
central surface 20 of the bulb end 11 extended without any discontinuity all the way to
the area where the bulb 10 reaches its maximwn diameter. However, this would in the
majority of practical applications make the bulb 10 undesirably large. 1t is believed by

30 the inventors that there would probably be no advantage in making the radius Ry larger
than 25% of the maximum bulb diameter since, in some c¢ases, that coutd be detrimental
to the close fit between the hub cal 13 and the bulb 10.

In realistic emboediments contemplated by the inventors, the radius Ry of the bulb end 11

LS
L

could be about 15 - 35 % of the propeller diameter (typical propeller diameter may be 2
-6 m) while the radius R, of the curved swrface 19 of the hub cap 13 would be slightly
larger, suitably 100mm larger.



5 annul ar surface 21. The radius of curvature R3 of the annular surface 21
shoul d be understood as extending froman inmaginary circle 23 rather than
a point in space. The radius of curvature R3 of the annular surface 21 is
smal l er than the radius of curvature Rl of the central surface 20,
Consequently, R2 > Rl > R3. The radius of cwvature R3 of the annul ar
surface 21 should preferably be chosen such that the value of R3is 4% 10
25% of the maxi mum val ue of the dianmeter Diu of the bulb 10. By shaping the
bulb 10 wth an annular surface R3 that has a smaller radius of curvature
than the central surface 20, the transition between the curved central
surface 20 and the rest of the bulb surface becones snoother. The rest of
the bulb surface can be described in terns of a tapering cylinder surface
25, i.e. a surface that to sone extent res I a,coni.cal .surface. .15
Consequent |y, t H%ﬁ?ﬁl%}v&xgﬁm\ﬁgfk &r mg?iglﬁcﬁ 0 fﬁé?g‘ﬁnglﬁﬁso]gﬁ ﬁnldqglé S%}Ogifsdspl%?lsa £ _%r bed
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area where the gurfciddy heathedal b . MedsTsN LBt EFy thEWRME thak tles woul d i n
the majority of grac%lg?l ?gﬁLicatipn§inake the bul b 10 undesirably | arge.
It is believed BV 3T PHEY PLeMOPLPRE t here woul d probably be no
advant age ilA making the radius R3 larger than 25% of the nmaxi mnum bul b

di amet er since o e $ANHLHE ARAS: andl hRtbufOMkds Rextetetisicemnb@he nideetshek ¢liose fit
bet ween the hu

cont enpl at ed bgkgﬁko%%W%%%B%gﬁmgﬁgggégﬁﬂégfé§%¥M3%%gﬁﬁgggg%%§2%ﬁ%§%ﬂ%ouId
be about 15 35 t®lofiddeharepfiogedihgthe dicsvisdarca(of yisitall 10pridpénreatorsdiagnited may
be 2 - 6 m Wik 8r B8k 3ekhE SRS Bfi LhibGpSHaMad S i@e SodiOreplesdnembivihagap 13
woul d be s |2bght_’$b¥7’o 011 1% g)?z{l rudd g]! z;[r&ll?{hys \%59101-%‘11'1@ E %ggra'tive torque on the rudder. The

rudder will then tend to turn away from the neutral position and a torque must be

applied to prevent the rudder 6 from turning away from the neutral position. On the

other hand, if the area upstream of the rudder stock 7 is less than 25 % of the total

rudder area, the rudder will have a very strong tendency to assume a neutral position.

25 Anunnecessarily high torque will then be required to turn the rudder 6. However, i is
of course possible to envisage embodiments where the projected side area exceeds 30%

of the total rudder area or is 1ess than 25% of the total rudder area.

In realistic embodiments of the invention, the propeller would usually have a diameter
30 in the range of 1.5 m -~ 6m. The propeller hub would typically have a diameter that 1s 25

% - 30 % of the propeller diameter. For a propeller having a diameter of 6 m, the hub

could then have a diameter in the range of 1.5 m ~ 1.8 m. The rudder would usually

have a height comparable to the diameter of the propelier.

5
h

While the invention has been explained above in terms of an arrangement for steering
and propulsion of a ship, it should be understood that the invention can also be
explained in terms of a ship provided with the inventive arrangement. The invention can



9 The design explained with reference to Fig. 11 and Figs. 12a and 12b
shoul d preferably be conbined with the technical solutions explained with
reference to Figs. 1 - 10. This wll contribute to the object of inproving
efficiency. However, it should be understood 5 that the technical features
disclosed in Figs. 11 - 12b could al so be uséd i ndependently of how the
rudder arrangenent is other w se designed. The inventors have found that

t he inventive conbination of the twisted rudder, the bulb and the
propeller with the hub cap results in an inproved efficiency. Test results
have 10 shown that efficiency can be increased by up to 5 % when the

i nventive concept is used. This corresponds directly to a sim/lar reduction
of the fuel congu %Qkk]ﬂﬂnetﬁﬂmﬁﬁﬂbﬂ@n@iﬂlod fdhectRNest s ehigwhertnsd aahes of each
Irrg?IeVIt ggﬁl 5a('?/plclf>&a%t %e?rhe S 889 anwm]ﬁd Ré)cgéssblki)l %ﬁge UH%(% {1\1@2@@2 t({ ;%1%9 d%h}%'sﬁb%ﬁt@ly by
nanoeuvrablI|ty“UPWWﬁé€@hﬂﬁﬂp§“ﬁﬁﬁﬁbV@@0W15 For the part of the rudder and
the bulb that is |ocated upstreamof the rudder stock 7 (i.e. <closer to
the propeller), the projected side area should preferably he 25 % - 30 % of
the total rudder area (including the projected area of the bulb 10). The
inventors have found that, if the area of the rudder and bul b upstream of
t he rudder stock represents nore than 20 30 % of the total rudder area,
this will result in a negative torque on the rudder. The rudder will then
tend to turn away fromthe neutral position and a torque nust be applied
to prevent the rudder 6 fromturning away fromthe neutral position. On the
other hand, if the area upstream of the rudder stock 7 is |less than 25 % of
the total rudder area, the rudder will have a very strong tendency to
assune a neutral position. 25 An unnecessarily high torque will then be
required to turn the rudder 6. However, it is of course possible to

envi sage enbodi ments where the projected side area exceeds 30% of the
total rudder area or is less than 25% of the total rudder area. In
realistic enbodinents of the invention, the propeller would usually have a
dianeter 30 in the range of 1.5 m- 6m The propeller hub would typically
have a dianmeter that is 25 - 30 %of the propeller dianeter. Fora
propel l er having a dianeter of 6 m the hub could then have a dianeter in
the range of 1.5 in - 1.8 m The rudder would usually have a height
conparabl e to the dianeter of the propeller.



35 Wiile the invention has been expl ained above in terns of an arrangenent
for steering and propulsion of a ship, it should be understood that the
invention can also be explained in ternms of a ship provided with the
inventive arrangement. The invention can 10 also be explained in terns of
a nmethod for rebuilding a ship where the nethod conprises the steps that
woul d necessarily be required in order to Wrovide the ship with the

i nventive arrangenent described above. 11 CLAIMS 1) A propul sion and
steering arrangenent for a ship (2), the arrangenent conprising: a) a
rotary propel if é@@ having a huh (5) and at |east two propeller blades, 5
b) a turnable 6% r (6) arranged downstream of the propeller (3), c) on
the rudder (6), a streamined bulb (10) integral with the rudder (6), the

bulb being S‘P)Oa}&gP(@QIs§<§1P£Hdtslflﬂ§:h1B%%Hgﬁéegtgfﬁﬁ ald¥i 2R gl?ang:iﬂgnt% SR (13)

on the propel a gap t he
propel I er (3) arfd ?ﬁ‘éaItYLﬂlﬁp‘f(”fm?’)i‘@W@Bé ét(@ranéi qaﬁttmazm@ L@rbkaé%ser is

E ;mo)stedd Id f thaty) aa&Mﬂ{l@éleQIddTeh@S)Eﬂ el doSingi &l 66thel Fb cﬂ@r es eahof t he bul:)
an ecreases w ance o a W S
angle ((3) at a &PI@&W@%@%&@l?aﬁa}me@“rba%ﬂﬁm@fé&uﬂ? des 6% hs Buli'h

than above the bubd&ng i&paPdtedfromrthapgeaibet(3 decopai Y and cIa|n11 wherein a

mRXi U i aet er0f oL 30U Bl Rk 1 e 0 4400930 81eih DR b BARART O

t he propeller accord erein the
bul b (10) extends QmwpﬁmréﬁﬂsdﬂﬁﬂﬁwoﬁﬁﬂalIeI mnth or coaxial with an axis

gf \r/\gt ati P('ﬂt ﬁf L&%&E&B@H r?iha(é’h)em&ﬁr ?s)twﬁ@e@'h{ &agﬁm@ttof@eﬁ&ﬂfdébﬂg ghdtesl ﬁ'{n
erein e Dbu ext enas an aXIS cut e
angle with an aﬁnsar%rofr%% a&ﬂ?ﬁém)&rﬂ tdﬁ%reﬁ%eaﬂféﬁ |ae415té@()e frm%#ﬁﬂﬁﬁs%ﬁ%@
according to cl Eutm1§,ang\ﬂ@QB)’:‘atl’h @rta@adistend ffobfihedfulh Renblebbd|d® xhd lailBthad 25
| evel above a fr%8 ?gp ﬁi the bulb (10) and an angl e between the bulb (10)

and a propeller - 14. 6) An arrangenent according to claiml
wherein the hub cap (13) neets the bulb (10)

15 2) Anarrangement according to claim 1, wherein a maximum diameter of the bulb (10)

is 1 % - 40 % greater than a diameter of the propeller hub (5).

3) An arrangement according to claim 1, wherein the bulb (10) extends along an axis
(15) parallel with or coaxial with an axis of rotation of the propeller (3).
20
4) An arrangement according to claim 1, wherein the bulb (10) extends along an axis
(15) that defines an acute angle with an axis of rotation of the propeller (3).

5) An arrangement according to claim 4, wherein a rear end (16) of the bulb (10) is at a
25 level above a front end of the bulb (10) and an angle between the bulb (10) and a
propeller axis is 1° - 14°,

6) An arrangement according to claim 1, wherein the hub cap (13) meets the bulb (10)
at a location between the propeller (3) and a part of the bulb (10) where the bulb
30 (10) reaches its maximum diameter.

7) An arrangement according to claim 1, wherein the twist of the rudder (6) decreases
from a front end (8) adjacent the propeller (3) to a rear end (9) which is a distal end
in relation to the propeller (3) such that a rear end (9) of the rudder (6) extends

35 along a straight line.



at a location between the propeller (3) and a part of the bulb (10) where
the bulb 30 (10) reaches its maxi mum di aneter. 7) An arrangenent according
to claim1, wherein the twist of the rudder (6) decreases froma front end
(8) adjacent the propeller (3) to a rear end (9) which is a distal end in
relation to the propeller (3) such that a rear end (9) of the rudder (6)
extends 35 along a straight line. 12 8) A2 arrangenent according to claim
1, wherein at least a part of the rudder (6) is continuously twi sted froma
front end (8) of the rudder (6) to a rear end (9) of the rudder. 5 9) An

arrangenment agcording to claim.1l, wherei.n the.tw.st. of the .rudder (6
decronses 1 Rodit yrebtied B BT rhEal MyFen Bport BB AIOEE (e rren
according to cl aontimjousyéweited firdre aHfuint eap(§) bEheandde (frtormtrearmd@f) ofithe bul b
(10) are designegdykeep a distance between the bulb (10) and the cap (13)

10 constant when the rudder (6) is turned. 11) An arrangenent according to
claim1, wherein a maxi numtw st of the rudder (6) is 150. 15 12) An
arrangenent akokuimapgement aiconding tniedaim ln witbrein td deist oBheiredden(Grdeercpsss

different direqj.nswahavsand meh aw ddigdyl b (10) . 13) An arrangenent
according to claim1, wherein a part of a rudder (6) and the bulb (10)

that is | ocated upstream of the rudder stock (7) has a projected side area
thgt ihs bZPbI %aci)smt alil@dh)gB&eﬂé&on@ir{glb@laiﬂﬂrl(?mﬁﬁﬁe@dth%ithlca@S gi8) ahd b iient eidder ( 6)
and the bu : n_arrangenent according to,cla erei

Forward end ( 11yhopbkioNGer ie(es Feha 256BEGe PRpt:Lif pRle s WP ER 3T aci us
of curvatite (Riconamd vlee thentddad (63 isrthacd. (20) is surrounded by an annul ar
surface (21) that has a radius of curvature (R3) that is 25 smaller than
the radius of curvature (RI) of the central surface (20) and is from4% to
25% of a naxi hnhburangamanteaceprd{mBy claim)!, phsteipa pragimes dwi phihgsudder (6) is
arrangenment according to claim1.

15 12) An arrangement according to claim 1, wherein the rudder (6) is twisted in different
directions above and below the bulb (10).

13) An arrangement according to claim 1, wherein a part of a rudder (6) and the bulb
(10) that is located upstream of the rudder stock (7) has a projected side area that is
20 less than 30 % of a total projected side area of the rudder (6) and the bulb (10).

14) An arrangement according to claim 10, wherein a forward end (11} of the bulb (10)
has a central surface (20) with a radius of curvature (R) and the central surface (20}
is surrounded by an annular surface (21) that has a radius of curvature (R;) that is
25 smaller than the radius of curvature (R;) of the central surface (20) and is from 4%

to 25% of a maximum bulb diameter (Dg).

15) A ship provided with an arrangement according to claim 1.



