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OF THE I NVENTI ON The present invention relates to an
waeranggsent for steering and propﬁll sion of a BOI/PE20061€50048

arrangenment 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 an

arrangenent. BACKGROUND OF THE | NVENTI ON The nost

conmon means for propelling ships is the screw
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70 bei ng suspended in the rudder horn and unable to be

swing relative to the ship, For_a ship IS %
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bulb or simply bulb. Such a 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. It has also

been suggested in WO 97/11878 that a torpedo-shaped body can be placed behind the

propeller. 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, manoeuvrability is defined as the side force that can be accomplished with a
certain angular displacement of the rudder.

35
It is an object of the present invention to provide an arrangement for steering and

propulsion of a ship which has an improved efficiency. It is a further object of the



certain angul ar di splacenent of the rudder. It is an
obj ect of the present invention tg provide an
wa@ewantgssent for steering and pr opal si on of a BREI/RE2006/050048

whi ch has an inproved efficiency. It is a further

obj ect of theinvention to provide an arrangenent for
steering and propul sion that has an inproved
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torque. DI SCLOSURE OF THE | NVENTI ON According to the

' niﬁ%@ﬁt&&ﬂo p@o&ﬂ@ﬁ%ﬁr%dn%@m@ﬁ‘tcfois £t€&[ﬂg%d%ﬁ6;ﬁﬂﬁ§m?ﬁ¥ hdsh ihproved
ship conprises @Protar propeller wth a hub and one

or MERQRUVEADILKY 9 P@P%F‘%&&é&eeﬂp& SFUAATG  t he propel | er

has at | east two propeller blades. A turnable rudder
[ler in the direction of
novg#gaﬁgggEﬁﬁpﬁ@ﬂ%%$$§ﬁ&ﬁgﬁdder is twisted, i.e.
5 cuAveddingge 8wmdnedntiph anpnopuldiogtané ambmmgeai*rzmgomuhsﬁoom ship comprises

bul, R)tin? grgﬁe?lg & t‘n‘ﬁ"htula ah88né Hldg::%raﬁgx%g% ?}é%fiabi)h he

prope I SucC sea wat er pres
pr Bipeslichagny lpast repropeligdladse fbmraablerﬁgldﬁfrléﬁfraw kghind the

t herobelld? ih thesERafiG &Unbvdank bEthe rsH@eTh@fud@&dls It\tvﬁtelaut)e curved

i Bt 8 aan s i SeR palb ettt B Fudde and placed

10 t hiechimd/éhn tpr@pe]let dueh b sexapatoegt ssetl beckswdrds &yt tha propeller will flow

ba?%{ﬂ\}\%?ﬁle%%iwg ﬁ]I E?crpcf &Qﬁé {)lﬁ 19&%211%'&% fg&\t&h gerof)gi%;l and its hub by

ere eaches
hud gempg hargdp betevetn dretbudin @ncbﬁhe pmpeld@n ip beidgeddsd ywteehp. In preferred

KegRbddieMs F ﬁ{éqgvcth@i'biﬁvetﬁ@ hih @a;pﬁil::?cs ﬁ{éq)uﬁm@t £18fation between the

constant when the rud IS turn max| nmum

di BieBelar apd ﬂt%@“’:ﬁflﬂbe b%lh viereetde a}ﬂbtrsaqhﬁ%ltdm%tl@rdl%ﬁewr The hub
15 t heapindnke frefit dhdidf (ol e, debign@diveepliRgeidtdfice between the bulb and

enpbodi nent f . the inyention, ,the maxi nrum di aneter of
t@%ﬂ? Boqsiarﬁ?g}lﬁ%&etrﬁg T ETfdanet er of the propel | er
hub. The naxinun1dianeter of the bulb can be from 1%

t Ogﬁe@ Y Pﬁ?nett A I’@llgj& te%lila%c]) tfl&g&]aﬁ %P%lf h% tpr%p(?ller hub.

erably ogreate
al Hﬁgeaﬁ Jeﬁ)@dyarp&ge@m embegimentsrof thsairiention; thi mwfem@m dgameter of the

20 OIT%IEIQH@M%%P tfh tﬁth@lﬁ.ﬁ%fép ef {h‘é or 'ller b, @fe ﬁ{a&ﬁﬁﬁ}ﬁtdhé‘ﬁ?eter of the bulb

t cap al so al ong .an axi s
defaTrREs TR 1%@ ‘zr&ﬁ?aéew? P HiATBELRT! dfe prapeller &H‘gxﬂﬂd preferably
t heo pr gpset.er. In the alternative enbodi ment, the rear
end of the bulb nay be at a | evel above the front end
of the bulb such that the angle between the bulb and
t h€hpbdp ehdyerxteadiabongsanlaxis gdallePmether abdxyal wiklethaaglseof rotation of

25 be%h%‘?&be‘il@?b&%%%‘i‘t@rn%ﬁ@e %Qé%ﬁlnleﬁﬂ 1t8%h S1sb $xtend §}ong an axis that
defines an acute angle with the axis of rotation of the propeller. In the alternative
embodiment, the rear end of the bulb 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 propeller 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 least a part of the rudder is continuously twisted from a front end of the rudder to a

35  rear end of the rudder



In sone enbodi nents of the invention, the tw st of the

rudder decreases froma front end_adjacent the
w@e@pall7er to a rear end which is A di stal endPETSE2006/050048

relation to the propeller such that the rear end of

t he rudder extends along a straight line. In other
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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 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). When 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 located downstream of the propeller

3, 1.e. behind the propeller 3. In this context, the terms “downstream” and “behind”
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Fig. 1, the inventive arrangenent 1 for steering and

propul sion of a ship 2 is nounted on the aft portion

of a ship 2. The inventive arrangenent conprises a

rotary propeller 3 nmounted on a drive shaft 4. Wen

propeller is driven by drive shaft 4, the propeller 3

W {HouRf %deﬁsﬁ%dﬁﬁﬂﬂﬁr&eﬁ:g&% &ng?%ﬁ?ﬁreﬁﬂléﬁ&ftm@%n@nt of the ship
arrow shou ersto a e drjive c

al €81 IHQ aft%ct‘@f DEFTOY Ah s ﬂecﬁi@ g0 Iﬁww&e@ gn a&@eﬁngw gt can turn
t h® @hirpl tAe ipssipowpedhe esddeobwar ds by the propel l er 3,

wat er that has passed the propeller 3 will travel

backwar ds agai nst a turnable rudder 6 that is |ocated
5 dom stdieden i0flig. e therppedllee 8 h3s a huleS obetiietdthe peopeller blades are

%Bﬁttleﬁ rlngmn% %let g{ g‘prslzé?ﬁ étc%m fl%% c}n?% 1?1‘3?81'[&% 'bfa%@'ﬁh‘i_lpreferably it
fo hagent rag tW@dftrplaﬁ%lebbliﬁ%wErﬁé;@%gﬂlaw%@osqﬁ fihan (vgcgglides For example, it

i nginCalve ehrby bl & @th@Vbiddes. The rudder 6 is nmounted on
a rudder stock 7 that can turn to control the position

of the rudder 6. As indicated in Fig. 2, the propeller
10 3 Aasreambindal tuloh0 Wi b)d'a:ntriimiepnte Qlal Wwith tlid mdés @Méhen the propeller 3 is

gﬁ%&tvr%gw%t%:{frgﬁll tFeC g%bglleirt\ﬂ er a Itl?e l%u?l'lFI rwﬂa?/ Q’?Jt%r flows over
pr dnp@trbzemhrmddw& 10,Ithe @félnleacss@f tﬂia\peomﬂcrels ineagasedydVithout wishing to
bl %%ndﬁﬁﬂh&%?@ s%ehb&edctﬁﬁ tﬂ@UﬁbtrfEHu%gs Rl ARSI 19§se£ QM{ cavitation

bl ades, A’stream i.ned bulb 10 has been made .i nteg
wi beihe iU HoRs lon @Hd fl}%ﬂb% lé;sléq Yeagongor gled’&‘fff"iﬁéd efficiency. The
15 wabgb 10 ﬁ@s‘eptaﬁeedrfmﬁ ehd gopatiek B B‘yl 20MpQY Fhe inventdtd Kavé Gound that, for

Wh th t f
of FIeaie g Tstorekaoap e e OF et dB4aama s Ryt of e Bropelier 3
Wi Bdsi algibtaapté tho bnidgés/the epe Petwieen is epeliev @ dnd Hatbulth&). The

buiu?o &g dll'éclg %5%%%‘?‘%[19 gﬁlx%ﬁf E&ﬁle?tﬁg t&ﬁl\é 'h‘ilﬁtS' Hgn&eﬁ' {Mtes together

t he sc € reason
t hwith hesf inprgpsen Ehe re%@n@h%wqqm the watep and thechub cap. As a

20 ]‘: r %ﬁ hﬁ‘e @f‘fl‘éféﬁb} %rso?nem’latareg@d%dealbahﬁlafg"f{a@@t Pérsthﬂef&?son the hub
ound

mm e | en shoul
cl oelP Slr?afdtms%%r%ﬁ@f)e ?#&Vﬁwﬁsﬂ qSX f}P?eOtiEﬁ d%@ ] lbwogldmszg ge
a Mhabl@@o ilefﬂubé'lﬂhk lélfgléld gigtﬂie llolh'@ c%ﬂmh&)biéﬁd Wﬁiﬁlﬂl_hmould make it
e u i U Ca |
P 8BSt o p@ole O R e b bl T Y g8 btgh e eap between the
Hebde ,10iand thet bedler.dgatetbe bulibt 10 it h&egmlleii’&h th€rpdder, this would make
t
25 | | N ﬁﬁ@% thﬁlemF ?édd%ﬁé”ﬁfeflgﬁ HEEhe! Hﬁ% ¢ L@P&*ong&@l gfﬂo be a

resu ency 1Is so
aI mmrowedqeﬁmqn;paﬂpélry aPRPYteregEECHhe hub

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 actually 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



cap 13 should preferably be relatively short. On the
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flows against the rudder 6. The maximum twist of the rudder is to be found in the area
around the bulb 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 is

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.
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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 B 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



As can be seen in Fig. 5 the rear end 9 of the rudder

6 is not twsted and the rear end_9 extends in a
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rudder corresponding to an upper end 17 of the rudder

6. As can be seen in Fig. 3, the upper end 17 of the

rudder 6 is not twsted. In Fig. 4, a cross section

corresponding to a lower end 18 of the rudder 6 is

shown. Here, there is still a certain remaining tw st
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An other embodiment will now be explained with reference to Fig. 11 and Figs. 12a and

30  12b. Asindicated in Fig. 11, the hub cap 13 has a curved surface 19 adjacent the bulb
10. As indicated 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 R, of the surface 19

35  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
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conponent may be equally large in absolute ternms but
t he axial conponent is also |larger. Hence, the water
neets the rudder 6 froma different angle. Wth regard
to the bulb, a different enbodinent will now be
explained wth reference to Fig. 10. In the enbodi nent
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froman inmagi nary point 24 along the axis of the

rudder stock 7. The curved surface 19 of the hub cap

1 3Ekpesinzentsphirfesmed by theviaventers Ridicdterthat the dostevdudttcan be expected

25 | a&/ggﬁ the I?thgé Reof @Q by Hiul suﬁ*zi‘tié’ 8 WBoftsad Bete dtixidSu diameter Dg
curvature of the surface 19 ] )
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 maximum diameter. However, this would in the
majority of practical applications make the bulb 10 undesirably large. It is believed by
30 the inventors that there would probably be no advantage in making the radius R3 larger
than 25% of the maximum bulb diameter since, in some cases, that could be detrimental

to the close fit between the hub cal 13 and the bulb 10.

In realistic embodiments contemplated by the inventors, the radius R; of the bulb end 11
35  could be about 15 — 35 % of the propeller diameter (typical propeller diameter may be 2
— 6 m) while the radius R, of the curved surface 19 of the hub cap 13 would be slightly

larger, suitably 100mm larger.
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di stance between the hub cap 13 and the bulb 10 can
remai n constant when the rudder turns. As best seenin
Fig. 12a and Fig 12b, it is only a central surface 20
on the forward end 11 of bulb 10 that has the radius
of curvature RlL. The central surface 20 is surrounded
by an annul ar surface 2 1 that has a radius of

vature R3 12a an . , e referenc
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central surface 20 of the bulb end 11 extended w t hout

any discontinuity all the way to
In realistic embodiments of the invention, the propeller would usually have a diameter

in the range of 1.5 m — 6m. The propeller hub would typically have a diameter that is 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 propeller.

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



the area where the bulb 10 reaches its maxi num

di aneter. However, this would in the mgjority of
w@e@etlizzal appl i cations make the b b 10 undesPCHRBE2006/050048

large. It is believed by the inventors that there

woul d probably be no advantage in making the radius R3

| arger than 25% of the maxi num bul b di aneter since, in

some cases, that could be detrinmental to the close fit

between the hub cal 13 and the bulb 10. In realistic

enpgs b@@fﬁlﬁn&?ﬂﬁ e Gtededyd M}%fblﬁ}ﬂ%[g HShip whbR th@fietDd
R1 of the bulb end 11 coul d he .about,. 9

5 - 35 %of . the . .
pr oPBPTSE? thy; siaps et W e&saisalalryc}ﬁé?ﬂl@re]ddp 3@6{ & Pripifiepiae ship with
2 thebnvehtivhréngehent ddirtitsedRBood. t he curved surface 19
of the hub cap 13 would be slightly |larger, suitably
100mm | arger. The desi gn 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 will contribute to the
obj ect of inproving efficiency. However, it should be
understood that the technical features disclosed in
Figs. 11 - 12b could al so be used i ndependently of how
t he rudder arrangenent is other w se designed. The
i nventors have found that the inventive conbination of
the twi sted rudder, the bulb and the propeller with
the hub cap results in an inproved efficiency. Test
results have shown that efficiency can be increased by
up to 5 % when the inventive concept is used. This
corresponds directly to a simlar reduction of the
fuel consunption. Depending on the precise
ci rcunst ances of each individual application, it may
be possible to increase the efficiency by nore than 5
% 1t has al so been found by the inventors that the
manoeuvrability of the ship is inproved. For the part
of the rudder and the bulb that is | ocated upstream of
the rudder stock 7 (i.e. closer to the propeller), the
proj ected side area should preferably be 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 the rudder
stock represents nore than 30 % of the total rudder
area, this will result in a negative torque on the
rudder. The rudder will then tend to turn away from
the 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 wll have a very strong
tendency to assune a neutral position. An

wapweaess8arily high torque will t hen be requi r BCIT/SER006/050048
turn the rudder 6. However, it is of course possible
to envi sage enbodi nents where the projected side area
exceeds 30% of the total rudder area or is less than
25% of the total rudder area. In realistic enbodi ments
of the invention, the propeller would usually have a
di@ﬂﬁ&@@ in the range of 1.5 m- 6m The propeller hub

woul d t al | have a dianeter _that. i % - 30 % of
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propel | er bl ades, b) turnabl'e rudder arranged
downst r eam of the propeller (3), the rudder (6) being
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on the propeller hub (5), the hub cap (13) bridging

%gﬁﬁ%egl%ﬁt%g&ﬂ%ﬁo Ri:0R8! kv%%re(r?"}he%ﬂﬁ) nﬁl??eﬁﬁlcﬂ along an axis

according

t he A th@trﬁeﬂnesm asptegnglenwithy metaX(smf)rOﬁagoq ofthe pmzpe%:r (3).

zogreater than the diameter of the propeller hub (5) and
erabl 20 %g ter than the dianeter of e )
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(1)tl?e a l‘fr V\{Sth oaxial with the axis of

rot atl 8?%ﬁéﬁ?% }er(sy 4) An arrangenent

according to claiml, wherein the bulb (10) extends

25 al @ﬁ%rﬁﬁ*rﬁfgeﬁ‘lent according to claim 1, wherein the hub cap (13) meets the bulb (10)
at a location between the propeller (3) and the part of the bulb (10) where the bulb

(10) reaches it maximum diameter.

7) An arrangement according to claim 1, wherein the twist of the rudder (6) decreases
30 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 the rear end (9) of the rudder (6) extends
along a straight line.

8) An arrangement according to claim 1, wherein at least a part of the rudder (6) is
35 continuously twisted from a front end (8) of the rudder (6) to a rear end (9) of the
rudder



(15) that defines an acute angle with the axis of

rotation of the propeller (3). 5) An arrangenent
waewonth78y to claim4, wherein t hel’rear end ( 1B0T/RE20061€50048

bulb (10) is at a |l evel above the front end of the

bul b (10) and the angle between the bulb (10) and the

propeller axis is 1 - 14. 6) An arrangenent accordi ng

to claiml1, wherein the hub cap (13) neets the bulb

(10) at a location between the propeller (3) and the
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constant when the rudder (6) Is turned. 11) An

arrangenent according to claiml1l or claim@8, wherein
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1, wherein the part of the rudder (6) and the bulb

(10) that is | ocated upstream of the rudder stock (7)
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total projected side area of the rudder (6) and the

bulb (10). 14) A ship provided with an arrangenent

according to any of clains 1 - 13.



