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produce 3- SHIP PROPULSION

This invention relates to a main propulsion unit of a
high power ship or other large marine vessel according to
the preamble of clalm 1.

5 FPI-B-76977 - discloses a marine propulsion unit
comprising a casing turnably supported from the vessel which
casing encloses an electrical motor and a propeller shaft
and supports outside the casing a propeller on the shaft to
be driven by the electrical motor. However, FI-B-76977 is

10 -silent on the practical realisation of the concept'of such
a propulsion unit particularly from the point of view of
structural strength and economic feasibility. One aim of
this invention is to provide a practical realisation of a
propulsion unit of the general kind shown in FI-B-76977 and

15 to creéfe thereby a high power main propulsion unit for a
large marine vessel that functions well in practice and 1is
economically and technically of a favourable design.

The invention is particularly well suited for marine

vessels the propulsion power of which-is of 10 Megawatts or

20 more because the higher the power output of the propulsion

unit the more advantageous becomes the ratio between the

maximum diameter of a bulbous lower portion of the

propulsion unit and the diameter of the propéller. When the

propulsive power is about 1.5 MW, the ratio of the diameters

25 of the widest part of the casing of the propulsion unit and

the propeller is typically about 0.65. When the power has

increased to about 10 MW the ratio in quéstion is likely to

be between 0.4 and 0.5. Desirably when applying the
invention, the said ratio should be 0.5 or less. '

30 - Because no conventiénally long propeller shaff' and
" corresponding equipment is needed in the hull of the vessel
~when applying the invention, extra space is released in the

hull for other uses. Furthermore the drive machinery of the
vessel'gaﬁ be-located_in any place within the hull, because
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invention relates.

In a propulsion unit according to the invention, the
structural strength of the outer casing including the
bulbous lower portion of the propulsion unit and its tubular
shaft and the cooling requirements of the propulsion
equipment located within +the casing could pose major
problems. These problems are solved by the invention in the
manner featured in the following claim 1.

The internal support of the outer casing of the
propulsion unit by means of -substantially vertical web
plates has the advantages that those web plates funection (a)
as attachment elements for the one or more drive motors, (b)
as torque-transmitting elements providing the reaction force
from the outer casing to the one or more drive motors and
(c) as wall elements of ducts for incoming and outgoing
gaseous coolant for the one or more drive motors. Utilising
the transverse web plates for ‘a plurality of uses in the
manner proposed by this invention has been found to make
possible significant reductions in the size and weight of
the propulsion unit which is of paramount importance for the
efficiency of operation of a marine vessel.

Because the strain acting on the web plates is greater
over the upper half of the drive motor than over its lower
half, it is advantageous to locate the drive motor in an
eccentric position in the bulbous lower portion, so that
there is more space in the radial direction of the motor for
the web plates holding the drive motor from above than from

qu‘f:?.%ry'm'%%é 'of a propul ﬁé‘@n@ﬂi\?' &£ ARt e3 K vdr @oy iy desi st



is a further object of the invention to provide a process 30 i n which
essentially all of the catalyst can be conven- This Sheet HasiBeéiReplagegCycCl ed

-2- .. Accordi ngly, the invention provi or
preparing 1, 3-al kanedi ol s and 3-hydr oxyal dehydes :

hydr of ormyl ati ng an oxirane with carbon nonoxi de ydrogen in
the presence of-a cobalt-based catalyst .agd_a 5 pronoter that is a

. lipophilic quarternary salt of a G oup V el enment. The

OXi rane conpibedesy.anThAganaLls6opPOmiits 4 MnoAH¥ transition between the
bulbous lower portion of the propulsion unit, which houses
the drive motor(s), and its vertical tubular shaft, which is
of advantage, especially from a viewpoint of the structural

5 strength of the web plates.

Preferably the web plates form part of the stator of
the drive motor. 1In this way the web plates are integrated
as structural support elements of the stator of the or each
drive motor, yet also serve to support the casing.

10 A favourable cooling and supporting structure is
obtained by supporting the at least one drive motor by five
transversely extending web plates which are each arranged
substantially perpendicular to the axis of the propeller
shaft. Such an arrangement allows two ducts for outgoing

15 gaseous coolant to be located between outer ducts for
ingoing gaseous coolant. Conveniently a proportion of the
gaseous coolant can be fed to the or each drive motor to
flow between the rotor(s) and stator(s) and to leave the
stator(s) through radial openings to flow into the ducts for

20 outgoing coolant. Por technical reasons the ducts provided
for the incoming coolant are conveniently narrower in the
axial direction of the drive motor than those provided for
the outgoing coolant, preferably in a manner such that the
width of the incoming duct, measured in the axial direction

25 of the drive motor, does not exceed 20 per cent of the
length of the drive motor.

For hydrodynamic reasons, it is of advantage that the
drive motor be spaced at a considerable distance from the
propeller, because the maximum diameter of the casing of the

30 propulsion unit is likely to be at the location of the drive
motor. At the same time it is desirable that the mass of
the propulsion unit should be distributed substantially
uniformly relative to the turning axis of the propulsion
unit. Due to this, the centre of gravity of the drive motor

35 cannot be spaced too far from the turning axis of the
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outer diameter is between 0.5 and 1.8, preferably between
1.0 and 1.6. In this way the optimum design with respect to
dimensions and power appears to be obtainable.

A propulsion unit according to the invention is
normally located at the rear end of the hull of a marine
vessel in a location where the bottom of the hull is
considerably higher in the water than the bottom of the
centre part of the vessel's hull, so that the propulsion
unit is in a protected location and the propeller cannot
extend below the deepest point of the hull. This
arrangement requires that the bottom surface of the hull,
forwardly of the propulsion unit, rises from its greatest
depth to the point of attachment of the propulsion unit.
This is normally via an obliquely upwardly sloping bottom
surface of the hull which is located immediately fo:wardly
of the propulsion unit. When the vessel moves forward, with
an arrangement as above described, the flows of water over
the obligque surface are substantially in the direction of
that surface (i.e. they flow obliquely upwards) where they
meet the propeller. When a pulling-propeller is used located
at the front end of the propulsion unit, to make the
propeller function as efficiently as possible it is
advantageous for the propeller shaft to be sensiblj parallel
with the water currents flowing past the outer casing of the
propulsion unit. For this reason the casing of the
propulsion unit is conveniently located so . that the
propeller shaft is at an angle to the turning axis of the
tubular shaft, this angle typically being between 89" and
70°, preferably between 85° and 75°. Mounting the

process of the invention. The
hydr of ornmyl ation reaction is preferably carried out inaliquid

t he
on



the product to forma separate layer, as is disclosed in 30 US-A-3

687 °981. However, as discussed below, it is preferred to carried
out ‘the separation by extraction W t h ahis Shraciius BedniRgplaced | n
general, ideal solvents for t he hydrof or ss wll (a)
exhibit lowto noderate polarity such-th xyal dehyde
will be 35 di ssolved to a concentration-of a east about 5 w %
under hydrofornyl ati on conditions, --whi leSsi-gni fi cant

3 solvent will remain as a separate phase upon extraction

with the aqu®SePulsdemd, urby @tssahyv@n@hoAsSnsiRsGidded has a further

advantage of reducing the length of the tubular turning
shaft which yields benefits from a structural strength point
of view. It is not impossible to align the propeller shaft

5 with the hull-induced water flows where the angle between
the axis of the propeller shaft of the propulsion unit and
its turning axis is 90°, but in that case the turning axis
would have to be obligquely mounted within the hull if the
propulsion unit is +to effectively have an oblique

10 orientation relative to the surface of the water. This
solution is, however, inferior to an arrangement which
employs a sensibly vertical turning axis and a propeller
shaft inclined obliquely thereto.

When the propeller for normal propulsion of the vessel,

15 acts as a pushing-propeller, its propuisive power can be
increased by providing longitudinal, somewhat obliquely
mounted, guide vanes on the outside casing of the propulsion
unit to force water flowing past the propulsion unit into a
rotational movement opposite to the rotating direction of

20 the propeller. In this way the guide vanes function in
principle in the same way as the guide vanes of turbine
machinery, which as known, increases the turbine's, and in
this case the propeller's, power. In addition to this
effect, the presence of guide vanes reinforces the outer

25 casing of the propulsion unit and thus increases its
strength. Particularly in ice conditions, the enhanced
structure provided by guide vanes has a particularly
favourable effect because the guide vanes also act to keep
large pieces of ice away from the propulsion.unit so they

30 are not crushed against the outer casing which could easily
cause such a large localised strain as to deform the casing.
This usé of longitudinal guide vanes is also of advantage
when the propeller works as a pulling-propeller for the
normal propulsion of a vessel, but the possibility for using

35 the vanes to enhance the propulsive power is smaller when
the propeller works as a pushing-propeller. The term
"normal propulsion"” of the ship as mentioned herein means



and (c) be essentially non-water-m scible. By "essen- tially

non- mater-n1SC|bIe"Tm&smammkgk m&g 'solvent has 5 a solubility in
water. at 25 [err]C of wt % so as to forma separate
hydr ocar bon-ri ch phas |on of the 3-hydroxyal dehyde
fromthe hydrofornyla | t|on m xture. Preferably, this
solubility is less than 10 w % _mgst. preferably less than 5 W%
The solubility of 10 car bon nDnOX|de in the selected solvent wll
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et oot o e 58 S eBeBt b 484 MBlanat iy Barc souia ve
o) Journalled within the propulsion unit that there is a
thrust bearing receiving the axial 1load. In a preferred
embodiment the thrust bearing is located at the opposite end
10 of the propulsion unit to the propeller and is desirably
cooled by the surrounding water (e.g. via lubricating oil
circulating in the bearing). The rotational movement taking
place in the bearing can be used to circulate lubricating
oil past suitably arranged cooling areas of the outer
15 casing. The thrust bearing and its oil-circulating
arrangement is favourably located in a closed space at one
end of the propulsion unit.

It may be convenient to operate the space within the

casing of the propulsion unit at a pressure which is higher

20 than that of the water outside the casing. This has the

advantage of ensuring that water cannot leak into the

internal space of the unit but it requires the closure of

the space within the casing and the provision of some

compressor arrangement and a pressure control unit attached

25 to it. It may be necessary to provide a heat exchanger for

~ cooling the pressurised gas within the interior of the
casing.

Cooling of the bearings of the propeller shaft and at
least partial cooling of the rotor of the drive motor (or
30 motors) can also be arranged via the propeller shaft by
providing a longitudinal cooling duct in the propeller shaft
through which water can flow when the ship is moving. 1In
this way the cooling power is at its greatest when the ship
is moving at its fastest and this is also the condition when

35 the greatest cooling power is needed.



the fornula (4) lch] in which Rerr] is hydrogen or ([err]
hydrocqmﬂ hw RI% and R5 are independently selected from
Clerr] “ epmwd al koxy and nono- or polyal kyl ene oxi de. Such
et hers f or exanpl e, tetrahydrofuran, nethyl-t-butyl

et her, ther, phenyl i sobutyl ether, et hoxyet hyl

et her, dlethyl ether di phenyl ether, and_30 di i sopropyl ether. Bl ends
of "sol vents such as t- -7 -

The invention will now be further described, by way of
example, with reference to the accompanying drawings, in
which:

Figure 1 is a schematic perspective view, partly in
5 section, of a propulsion unit according to the invention
without the propeller,

Figure 2 is a schematic longitudinal section of a
propulsion unit according to the invention utilising a

pushing-propeller,

10 Figure 3 is a simple schematic cross-sectional view of

a preferred embodiment of propulsion unit according to the
invention,

‘Figure 4 is a perspective view of a further embodiment
of propulsion unit according to the invention,

15 Figure 5 is a schematic side view of a ship equipped
with a propulsion unit according to the invention,

Figure 6 shows a pressurised propulsion unit of the
general type shown in Figure 2, and

Pigure 7 is a longitudinal section through a twin-
20 engined propulsion unit according to the invention.

In the drawings, 1la indicates the outer casing of a
main propeller-driven propulsion unit-l, 2 an electrical
A.C. drive motor inside the casing la, 3 a propeller shaft
directly driven by the motor 2 and 4 a propeller attached to

25 the propeller shaft 3 and directly driven thereby. The
propeller 4 is attached to the propeller shaft 3 external of
the casing 1la. In Figure.l, the propeller is not shown and
in Figure 4 the propeller 4 is shown only schematically.

" The propeller 4 may be a pulling- or pushing-propeller. The
30 embodiments shown in Figures 1 and 5 use a pulling-



sol vent properties. The currently preferred ecause of the

-4- ' but yl al cohol / hexane, tetrahydrofur
t et rahydr of uran/ hept ane can al so be used to acﬁﬂﬁﬁlﬁﬁm lﬂceddesi red

hi gh yi el ds of HPA which can be 5 achi eved . ® reaction
conditions, is nethyl-t- butyl ether.: ~ The cobal t-based
catal yst may be a nodified cobalt . = 8carbonyl conpound, for instance a
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that they form the supporting structure of the stator and at
the same time attach the drive motor 2 to the outer casing
la. Purther, the web plates 5 transmit the reaction forces
to the torque developed by the motor 2 to the casing la. At
10 the same time the plates 5 function as stiffeners for the
casing la. Furthermore, the plates 5 form walls of incoming
and outgoing ducts for gaseous coolant (cooling air) needed
to cool the drive motor 2 as indicated by the arrows 6a and
6b in Figures 1, 2, 6 and 7. The outer casing la and the
15 drive motor 2 are also supported by at least one

longitudinal web plate 5a (shown in Figures 1 and 4).

In Figure 2, the position of the transverse web plates
5 can be seen clearly. The ducts for the incoming cooling
air 6a are located at the ends of the drive motor 2 and the
20 ducts for the outgoing cooling air 6b are located in the
central area of the drive motor. The arrows 6c in Figures
2 and 6 indicate how part of the cooling air fed to the
motor 2 is led to an end portion of the motor, where it
passes into the air gap between the stator and the rotor and
25 flows through that gap and through radial slots in the
stator out into the duct for the outgoing cooling air 6b.
As shown, the width of the ducts of the incoming cooling air
6a can be noticeably smaller in the axial direction of the
motor than the corresponding width of the ducts éb for the

30 outgoing cooling air.

It can also be seen from Figure 2 that the drive motor

2 is not centrally located below the turning axis 7 of the
propulsion unit 1. The centre of gravity of the drive motor

2 or its central point, is located within that half of a

35 vertical cross-section of the propulsion unit 1 which is
‘furthest away from the propeller 4. This arrangement



dlcobaltoctacarb9m obalt hydri docar bonyl . It may al so be
supplied in essen formincluding 20 netal , supported
metal , Raney- coba “oxi de, carbonate, sulfate,

acetylacetonate acid, or aqueous cobalt salt

solution. If not supplled as ! cobalt carbonyl operating conditions
shoul d be adjusted such that cobalt carbonyls are formed, for
i nstance via 25 reaction with H[err]9aﬁd CO as described in J Fal be,
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0.5, which is relatively favourable.

If the centre of gravity of the bulbous lower portion

1b is significantly displaced from the axis 7 of the tubular

10 shaft 8 it may be necessary to increase the weight of the

unit 1 to strengthen the shaft against the strain acting on
it when full propulsion power is being applied.

Figure 2 shows a pushing-propeller 4 so that the main
moving direction of the ship is in the direction of the
15 arrow 9. The cooling effect of the surrounding water can be
utilised to cool the bearings of the propeller shaft 3 by
arranging an axial cooling duct 10 in the propeller shaft.
Since the ship is moving in the direction of the arrow 9,
the surrounding water is pushed into the duct 10 at the
20 upstream end as shown by the arrows 11. These water
currents 11 are stronger the faster the ship moves and the
faster the ship moves the greater the need for cooling. The
flow of the water current 11 can be increased by arranging
radial ducts at the downstream, or propeller, end through
25 which ducts a flow enhanced by centrifugal force will occur
as shown by the arrows 1lla. Where the propeller 4 is a
pulling-propeller, the arrow 9 will be reversed and the
simplest solution is to arrange a cooling duct 10 that
extends in a 1linear manner axially through the entire

30 propeller shaft 3 and the hub of the propeller 4.

In Figure 2 the axial thrust of the propeller shaft 3
is taken up by a thrust bearing 12, which is the bearing
requiring the greatest degree of cooling. This bearing 12
is shown separated by means of walls 13 from the rest of the

35 internal space of the propeller unit 1. A closed space 14
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step can be carried out in_a pressurised preformng
the bearing 12 in the space 14 in such a way that it is

5 subject to a strong cooling effect from the surrounding

water.

Figure 3 schematically shows a main engine M of a ship
and an electrical generator G driven by it. This
combination is connected to a central control device 15,

10 which transmits the power produced by the generator through
electrical cables 16 to the drive motor 2. The cables 16
are only schematically shown. Because the drive motor 2 is
in a turnable unit 1, the electrical power has to be led to
the drive motor 2 via a slip-ring device 17. The turning of

15 the propulsion unit 1 is carried out by means of a steering
motor 18, which, via a pinion 19, acts on a gearing 20
attached to the tubular shaft 8 of the propulsion unit 1.
Structures forming part of the ship's hull have been
indicated by numeral 21 in Figures 2, 3 and 5-7.

20 - It is also evident from Figure 3 that the drive motor
2 is eccentrically mounted in the bulbous lower portion 1b
of the casing 1la of the propulsion unit 1. The centre point
of the motor 2 is shown at 22 and this is lower than the
centre point of the bulbous portion 1b of the casing 1la

25 which is shown at 23. Because of this, part of the
transverse web plates 5 surrounding the motor 2 are wider
(i.e. at 5b) over the upper half 6f the motor than over the
lower half, an arrangement which is favourable from the
point of view of the structural strength of the unit 1. The

30 eccentricity between points 22 and 23 can be between about
3 and 5 per cent of the diameter of the stator 2.

Figure 4 shows how longitudinally extending, slightly
obliquely mounted, guide vanes 24 can be provided on the
outside of the propulsion unit 1. These guide vanes are

35 angled in such a way that they impart to the water flowing
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5 the propeller. At the same time, the vanes 24 act as outer

stiffeners for the casing 1la.

Figure 5 shows how a propulsion unit 1 according to the
invention can be mounted on a ship. According to Figure 5
the propeller 4 is a pulling-propeller and the propulsion

10 unit 1 has been mounted obliquely so that the angle "a"
between its turning axis' 7 and the axis of the propeller
shaft 3 is about 80°. This is a favourable solution,

- especially when the propeller is a pulling-propeller, in
which case the propeller is close to an upwardly rising

15 bottom rear portion 26 of the ship's hull, where the water
flows mainly in the direction of the arrow 27. The obligue
positioning of the propulsion unit 1 has the effect that the
propeller works substantially in line with the direction of
the water flowing up past it, which is favourable from the

20 point of view of maximising propulsion efficiency. Angling

_ the unit 1 relative to the surface of the water as described

above reduces the 1length of the tubular shaft 8 of the
propulsion unit 1 which gives noticeable advantages with
regard to structural strength. |

25 In the embodiment according to Figure 6, the entire
“internal space of the propulsion unit 1 ‘with its tubular
shaft 8 is closed and maintained under pressure. The
pressure is kept above that of the highest pressure of the
surrounding water, so that water cannot leak into the motor

30 space and thus cannot cause damage to the equipment in the
propulsion unit. This over-pressure is maintained by means
of a compressor 28 controlled by an automatic control device
29. Required gauge- or supervision-equipment 30 is
connected to the system. In order to ensure that the

35 cooling of the drive motor 2 functions properly, a heat
~exchanger 31 is shown, to which coolant streams (such as



in which each R group is selected i figefirQdRbdey rEJiREE 30 unsubsti tut ed
and inertly-substituted C[err] linea ched, cyclic or aromatic
hydr ocar byl ; al koxy, or ' ||ll| I(Jll - 6-
nono- or pol yal kyl ene oxide, Mis a d S preferably
a nitrogen, phosphorus or arsenic atom and A I s a basic anion
preferably having a conjugate acid of - 12 - pKa >2 such as carboxyl ate,
phenat e and hydroxide, for 5 exanple. Two or nore of the R groups

t oget her may Waskew aor air) acpclfied as dmghimtatedsthwoizrews Sth gBarethary
salts in- forced! MPEIZYSA 'd€ et DH J UMY AGC 1 A8 aePeRRY ki bked
space one or more fans 32 can be used. Cooling of the drive
motor 2 can be effected by the use of one or more heat
5 exchangers even in a case where the internal space of the |
propulsion unit is not pressurised or closed for other
reasons. |

In the embodiment according to Figure 7, two
independently operating drive motors 2a and 2b are shown in
10 the propulsion unit 1. The drive motor 2a is connected to
a propeller 4b and the drive motor 2b is connected to a
propeller 4c. In the embodiment illtistrated the propellers
4b and 4c are at the same end of th_e propulsion unit 1.
However, it is also feasible to locate the propellers at
15 opposite ends of the propulsion unit 1. The propellers 4b
and 4c can rotate in opposite directions. Two thrust
bearings 12a and 12b would, of course, be needed in a
propulsion arrangement that has two propellers. The air
cooling of the drive motors 2a and 2b can be arranged
20 substantially in the same way as described with reference to
Figures 1 and 2, but there are only four web plates 5
arranged perpendicularly to the shafts of the drive motors
in the embodiment according to Figure 7. The use of two or
more propellers rotating in pairs in different directions is
25 known per se from, for example, FI-B-75128. However, we
have found there to be a significant advantage in propulsion
efficiency by having two propellers each driven from a
separate electrical motor and this is particularly true at
high propulsion powers where a significantly more favourable
30 solution (both in terms of economy and technology) is
possible. |

The invention is not restricted to the embodiments
shown, since several modifications are feasible within the
scope of the following claims.



met hyl armoni um et hoxi de, benzyl tri net hyl anmoni um hydr ox-

et hoxyl ated quarternary ammoni um salts such as 10 t hose ' I

under the trademark "ETHOQUAD'; tetra(n- butyl)phospﬁgMﬁﬁggﬁs laced
tetraoctyl phosphoni um acet at e, tetraphenylphosphoniun1EﬂHﬂH "_
benzyl tri met hyl - phosphoni um acetate; and tetraphenyl a |

acet at e, tetra(n-butyl)arsonium acetate, and tetraoctyl arsoni um 15
acet at e. The quaternary salt will be present in an anount
effective to pronpte the hydrofornyl at iCEAIMSction to the

3- hydr oxyal dehyde, generally an anount within the range of 0.01 to

0.6 noles per nole of cobalt. An anpunt within 20 the range of 0.05 to

about 0.3 noles pdr ndl madn pspRPELsion unitj {1)refeprBigh power ship or js
B o b1 o s LS SMAEE 4 0e6n0an), Smprising Wieostorctating (1
reduce the sditéd: idRihpisy "o tibllarshars [0S AERERRHLS) SoGHG an axis
3- hydr oxyalsdehpdéantdadly normal atoeptled| @akevelsicfiateragndndickulbowst i on
o 2 SeCnd sover, podli PHASSorblod UL SODSAN (BRI e VELELL AR FoL "
the tubular shaft (8), said casing (la) defining in the
bulbous portion (1b) an internal space containing an
electrical drive motor (2) and a propeller shaft (3)
10 connected to at least one propeller (4) external of the
outer casing (1a), characterised in that the outer casing
(la) is, on its inside, supported by a plurality of web
plates (5), which are arranged to act, simultaneously, as
structural elements stiffening and supporting the outer
15 casing (la), as elements securing the drive motor (2) in
place and trénsmitting to the casing (la) reaction forces to
the torque developed by the drive motor (2) as well as
acting as wall elements of ducts for incoming and outgoing
gaseous coolant for the drive motor.

20 2. A propulsion' unit (1) according to claim 1,
characterised in that the centre (22) of the drive motor (2)
is below the centre (23) of the bulbous lower portion (1b)
of the casing (la) so that the drive motor (2) has an
eccentric position in the bulbous lower portion (1b)

25 providing more space in the radial direction of the motor

- above the level of the centre (22) of the drive motor than
below that level.

3. A propulsion unit (1) according to claim 1 or claim

2, characterised in that the web plates (5) holding the

30 drive motor (2) are connected directly to the stator of the

motor, thereby forming part of the structural framework of
the stator. '

4. A propulsion unit (1) according to any preceding
claim, characterised in that the drive motor (2) is

| A




catal yst species. Acceptable water levels will depend 30 upon the
sol'vent used, wmsﬁg&ﬁambﬂe tagddvents general ly nore tol erant of
exanpl e, optinmumwater |evels for

hi gher wat er conc [
hydrofornylatlon 1 yI-t butyl ether solvent are believed to be
W t hin 0 2.5 Wm%

-7- The hydrogen and car bon riehoxi de mAII general ly be
i ntroduced into the reaction vessel in a nolar rati within the

range of 1:2supperiedpbyfiuslyel plafes ($)1each arranged SRStk bl i s
carried out WadeEnAQRdlkiORS ¢heCaxis of the propeller shaft (3).

5. A propulsion unit (1) according to any preceding

claim, characterised in that the centre of gravity of the

5 drive motor (2) is within that half of a vertical cross-

section of the propulsion unit (1) which is furthest from
the propeller (4). '

6. A propulsion unit (1) according to any preceding

claim, characterised in that the ratio of the length of the

10 drive motor to its outer diameter lies between 0.5 and 1.8
and preferably between 1.0 and 1.6.

7. A propulsion unit according to any preceding claim,
characterised in that the angle between the axis of the
propeller shaft (3) and the turning axis (7) of the

15 propulsion unit (1) relative to the vessel (21) is between
89° and 70°, preferably between 85° and 75°, whereby the
axial direction of the propeller shaft (3) substantially
corresponds to the flow direction of water flowing past the
casing (1a). ' '

20 8. A propulsion unit (1) according to any preceding
claim, characterised in that guide vanes (24) are provided
on the casing (la) to deflect water flowing past the casing
(1a) to thereby increase the propulsive power of the
propeller (4) and at the same time stiffen the outer casing

25 (la) of the propulsion unit (1).

9. A propulsion unit according to any preceding claim,
characterised in that an oil-lubricated thrust bearing (12)
for absorbing axial load from the propeller shaft (3) is
located at the opposite end of the propulsion unit (1) from

30 the propeller (4), and in that the cooling effect of water'
on the casing is arranged to cool the lubricating oil of the
bearing (12).

T



5 _ tive to produce a-hydrofornylation reaction m xture
conprising a major portion of the 3-hydroxyal dehydéisShétt Bas Been Re la

nor
portion of by-product. Mreover, the | evel of 3- eg‘ehyde in
the reaction mxture is preferably mai nt ai n ugg‘ n 15 wt %
preferably 5 to 10 wt% 10 (To provide for solve I fferent
densities, the concentration of -?ydroxyal dehyde in the reaction

3
m xture can be expressed in nolarity, i'.el., 1ess than 1.5M

preferably w thinjphe @@E&f‘oﬁlﬁaﬁx gfhg.lljr{\/l 8115) accog&%ﬁ?‘%&'éﬂ/ t%PEcedin

hydrof ornyl ation reactio carrie ) evate nper at ut e
| ess than 1061pdm,] Charaeterbsgdedn that Hhe odnterppl, smaQe podf kbl y

75 to 85 [erghGingnd ) aiBr §x8¥Rrised to Val NidvdinCaberdetnht3 of teyd4. 6
MPa (500 to 5000 p&g}, , gr f er abl ,q('r:‘or r,ocgils econ mcsé 7.0to
24.2 WPa (10HBEer SUPToppaisgoths; GFivetnttv RS L Go8ky ESOULREr&F | the
i mparti ng 30drive abeatrer(29eliacieffiecyedTheéacanheatr akchangér3{Bygr oxy-
al dehyde in the internedi ate product m xture can be controll ed by

regul ati on of process conditions such as oxirane concentration,
cat al yst concentradfli.onA mrandl@ion unit (OnmecandiaankP rany derecedime. | n

geger a: » rel léﬁ.ia!ﬁ', YcBaracteri®¥ar LACEROE 4 ¥HRANHGEeSH( pebp d Wrisiddd)
and reta Ivea&ially in the propeller shaft (3) through which duct (10)
' surrounding water may flow.

10 - 12. A propulsion unit (1) according to any preceding
claim, characterised in that there are at 1least two
independently functioning drive motors (2a, 2b) in the
propulsion unit (1), each of which motors (2a, 2b) is
connected to drive its own propulsion propeller (4b, 4c).

15 13. A rudderless marine vessel characterised in that
it incorporates a propulsion unit (1) as claimed in any
preceding claim and includes an electrical generator (G), an
engine (M) for the generator and electrical cables (16) for
feeding electrical power from the generator (G) to the at

20 least one drive motor (2) in the propulsion unit (1) wvia the
tubular shaft (8).

* [ L L S *



short residence times wthin the range of 20 mnutes to 1 hour are

preferred. In the practice of the invention nethod, it is
possi - ' ble to achi eve 3-hydroxyal dehyde yi el ds (based on the 30
oxi rane conversion) of greater than 80% For instance, with the
hydrof ornmyl ati on of EQ, formation of nore than 7 wt % HPA in the
dilute hydrofornylation product mxture, 1 - at rates greater than 30
h[err] are achievable. (Catalytic rates are referred to herein in
terms of "turnover 35 frequency" XBSTREOY and are expressed in units
of nol es per nole of cobalt per hour, or h[err].) Reported rates
are

SHIP PROPULSION EMENT

A main propulsion unit (1) of a high power ship or

other large marine vessel (21) comprises an outer casing

S5 (la) said unit having a tubular shaft (8)'turnable about an

axis substantially normal +to the water surface, and

comprising an outer casing (la) which communicates with the

tubular shaft and defines an intermal space containing an

electrical drive motor (2) and a propeller shaft (3)

10 connected to at least one propeller (4) external of the

outer casing (la). The outer casing (la) of the unit (1)

is, on its inside, supported by a plurality of web plates

(5), which are arranged to act, simultaneously, as

structural elements stiffening and supporting the outer

15 casing (la), as elements securing the drive motor (2) in

- place and transmitting to the casing (la) reaction forces to

the torque developed by the drive motor (2) and acting as

wall elements of ducts for incoming and outgoing gaseous
coolant for the drive motor.

This Sheet Has Been Refilaced




- 8- : based on the observation that,'béfore a majority of the

oxitrane, here EQ is converted, the-reactionis essen- tially
zero-ordér in EO concentration and proportional to - cobal't
concentration. 5 As nentioned above, separation of the

hydr of or nyl - ation product m xture is carried out econom cally nost
attractively by extraction with an aqueous |i quid. Pr ef §i/g§bl y
the aqueous liquid is water. The anmpount of wat er added to the

hydr of ormyl ati on reacti on product 10 m xture will generally be such as
to provide a wei ght ratio of water:m xture within the range of 1:1
to 1: 20, - preferably 1:5 to 1:15. The addition of water at this
stage of the reaction may have t addi ti onal advant age of

suppressing formati on of undesirable
with a relatively small anmount of wat
which is greater than 20 wt % Fb
than 35 wt % 3- hydr oxy
of t he 3- hydroxyal gighy
extraction is preferably cayri

eavy ends. 15 Extraction

er provi des an aqueous phase
yair oxyal dehyde, preferably greater
permtting econom cal hydrogenation
fib 3@l kanedi ol . The water 20
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within the range of 25 to 55 [err]C, with higher tenperatures

avoi ded to m nim se condensation products (heavy ends) and cat al yst
di sproportionation to inactive, water- sol ubl e cobalt conpounds. In
order to maxi m se catal yst 25 recovery discussed supra, it is
preferred to performthe wat er extraction under 0.5 to 1.5 MPa (50
to 200 psig) of carbon nonoxide at 25 to 55 [err]C 2/6
After separation, the hydrofornylation product is suitably
hydrogenated to yield the 1, 3-al kanedi ol by 30 reaction wi th hydrogen
in the presence of a hydrogenation catal yst. Hydrogenation can be
carried out in aqueous solution at an el evated tenperature during
at least a portion of the hydrogenation step of at |east 40 [err]C,
generally within the range of 50 to 175 [err]yC, under a 35 hydr ogen
pressure of at least 0.8 MPa (100 psig), L\_7generally wi thin the range
of 1.5 to 13.9 MPa (200 to
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-9- - 2000 psig). The reaction is carried out
of 'a hydrogenation catal yst such as any of those based
nium plati num and

VIIl metals including nickel, cobalt, ruthe-
and 5 chrom um and m xtures and
catal ysts, including bulk, supported
and fixed-bed forns, _ provi de acceptable activities and (P/ﬁ
under

pal | adium as well as copper, zinc
al l oys thereof. N ckel-based

selectivities at noder at e costs.

slight- |y acidic reaction

conditions. 10

operation will preferably include effi- ci ent

recovery with essentialMy conplete
hydr of or myl ati on reactfon. The
oy S - ey

recycl e of
preferred cat

In the presence

upon G oup

H ghest yields are achieve

Commer ci al
cobalt catal yst
cobalt to the
yst recovery process

i nvol ves t wg—steps, T beginnﬁng wi th the above;@escribed extraction
of the 3- 1F§ hyd}UAyaTderVd?/ romthe hydrofnr77 ation product m x-
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ture. A-mpjority of the cobalt eatalyst will renmmin in the organic
phase, with the remaining cobalt catalyst passing into the agueous
| i qui d pHase. This organic phasem'SShmHasamlEi‘aafcécycl ed to the

0

hydr of ormyl ati on reactor, with 20 'M"’MNWM' purge of heavy ends.

Optional further decobalt- : st in the aqueous liquid

phase can be ef fected by suitable net such as conpl ete or L/§
parti al oxi dation of cobalt followed by precipitation and
filtration, distillation, deposition on a solid support, 25 or
‘extraction using a suitable extractant. t _ 7 The process enables the
production of PDO in high yield and §e*éct'vity w t hout the use of
a phosphi ne- i gated cobalt catal ystdip th&lhydrofornylation step.
The process al so enabl es the recovep ecycle of 30

essentially all the cobalt catalyst. Qe i nvention process can

gure 1. By way of

be conveniently described by refu"
ne will be described.
nnqpxide and hydr o-

exanpl e, the hydro- Lat i on (BRNEOST:
Separ at e or conbj yrefas of 0
35 . gen (2) are charged to hydrofor Sammmr whi ch

can be a pressure reaction vessel such § M umm 1




- 10 -. - or agitated tank, operated batch-wi se or in a continuous

mamer. The feed streans are contacted in the presence of -~ an
unnmodi fi éd cobal t-based catalyst, i.e., a cobalt car bonyl conpound
whi ch has not been prereacted with a 5 phosphi ne |i gand.

Fol |l owi ng the hydrofornylation reaction, the hydro- formyl ation
reacti on product m xture (4) containing HPA, the reaction soIvE?%,
PDO, the cobalt catal yst and a m nor anount of reaction

by- products, is passed to 10 extraction vessel (5), to28hich an

aqueous |iquid,
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generaldy water and optionally a m scible solvent, are added vi a
(6)7for extraction and concentration of the HPA for the subsequent
hydr ogenati on step. Liquid extraction can be effected by any
sui t abl e means, such as mxer- 15 setters, packed or trayed extraction
columms or rotating di sk contactors. Extraction can if desired be
carried out : in multiple stages. The wat er-cont ai ni ng 6/6
hydr of or myl ati on reaction product m xture can be passed to a
settling tank (not shown) for resolution into aqueous and organic
20 phases. The organi ¢ phase containing the reaction

sol vent and the major portion of the cobalt catal yst can be

recycl ed fromthe extraction vessel to the hydrofornylation reac-
tion via (7). Agqueous extract (8) is optionally passed 25 t hrough one
or nore acid ion exchange resin bedau 9) for re al of any cobalt
catal yst present, and the de- . shal t eds a gsou product m xture (10)
—Ss—passedTOo Myar ogenat.i on vessel (11)rand rejacted with hydrogen
(12) in the presence of a 1 a produce a 30
hydr ogenati on product m xture (13) al ng PDO. gh
hydr ogenation step may al so revert. hefavy ends #o
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MGB> o
PDO. The sol vent and extractant water (15w can be/ '
wat er’ %ﬂtz‘

di %isbhea{maeﬁeenrke gy _(14) and recycled to Al ef cext,rac
(not | sf' Fior/ 9e¢a#a "

prac her drs By EWE@;“SE €
purg ml '.i“ﬁ Hlq 6y canbased gaseli it

nt ai ni ng stFe“nT{
- 11 -
distillation colums (17) for recovery of #DO (18? Fr

h

o EECEIRT hesys ends
(19). The i nvent is@TEP | AREANSRMEIE
econonm cal synthesis of PDO at nngerate ‘tenperatures and 5 pressures

‘FV@“Hﬁd"
wi t hout the use of a phosphine Iigand for the
This invention relates to a main propulsion unit of a

high power ship or other large marine vessel according to
the preamble of claim 1. '

5 FI-B-76977 discloses a marine propulsion unit
comprising a casing turnably supported from the vessel which
casing encloses an electrical motor and a propeller shaft
and supports outside the casing a propeller on the shaft to
be driven by the electrical motor. However, FI-B-76977 is

10 silent on the practical realisation of the concept of such
a propulsion unit particularly from the point of view of
structural strength and economic feésibility. One aim of
this invention is to provide a practical realisation of a
propulsion unit of the general kind shown in FI-B-76977 and

15 to create thereby a high powei main propulsion unit for a
large marine vessel that functions well in practice and is
economically and technically of a favourable design.

The invention is particularly well suited for marine
vessels the propulsion power of which is of 10 Megawatts or

20 more because the higher the power output of the propulsion
unit the more advantageous becomes the ratio between the
maximum - diameter of a bulbous lower portion of the
propulsion unit and the diameter of the propeller. When the
propulsive power is about 1.5 MW, the ratio of the diameters

25 of the widest part of the casing of the propﬁlsion unit and
the propeller is typically about 0.65. ‘When the power has
increased to about 10 MW the ratio in &Eestlon is likely to

be between 0.4 and 0.5. Desirably when applying the

invention, the said ratio should be 0.5 or less.

30 . Because no conventionally long propeller shaft and
corresponding equipment is needed in the hull of the vessel
when applying the invention, extra space is released in the
hull for other uses. Furthermore the drive machinery of the
vessel can be located in any place within the huil,'because

e @
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v .
hydrofornylation catal yst. The process involves prepara- : tion of a

reaction ‘product m xture dilute in HPA, then concentration of this
HPA by water extraction for , subsequent . hydr ogenati on of HPA to PDO
10 Conparative Exanple 1 "~ 0.87g of dicobaltoctacarbonyl,
1.5g toluene (internal mar ker), 2.0g _deionised water and 146g

nmet hyl -t - but yl ether (MIBE) contai fing 0.2 wt % water were preheated
for o] h I hgﬁg C
15 underﬂgezﬁféné?gg éQS| g% €g ff\&n 6.3 I\%%l‘{%g%%y g Jwlt’TH £H il

CO H2 synt hesP8 BEStqmafEﬁiqﬁﬁevbﬂdEHeFBrFﬁP%|&ﬁ?hﬁﬁa not via rigid
hydr of or ny| at teaqﬁeaekag@m&EmbeSsHﬁﬁ Wi t hrlieiedf Othe vesseJPedd:@QI @ot

anal ysis by c | ar s_chro ra i oni sation .
detector) to ﬁ§8§u?e ﬁyﬁ?oﬁgh?é%egﬁaééé il ﬁFﬁnaﬁéggﬁﬁg%dpFSGHEFures
Sanmpl i ng af searabnot dé§hivedesrnd there wrilmbaﬂth@lbmdmaamsdttansmhtmﬂdof
3.3 Wt % HPA, e ( 8 JN s h
Table 1 as ru f}:of?( £ r_udeer to g%xhﬁlf ]&lhé}\f;é dossdl %hecsghtgx;%rml%n%

il lustrates thbeuméneﬁwynghﬂkytﬁnqi the vesgRés pHddi e stnproxed pyoredeer
of cobalt-cat ghy$6¢mBY¥ @f a propulsion unit of the kind to which this

invention relates.

10 In a propulsion unit according to the inveantion, the
structural strength of the outer casing including the
bulbous lower portion of the propulsion unit and its tubular
shaft and the cooling requirements of the propulsion
equipment 1located within the casing could pose major

15 problems. These problems are -solved by the invention in the
manner featured in the following claim 1.

The internal support of the outer casing of the

~ propulsion unit by means of substantially vertical web

plates has the advantages that those web plates function (a)-

20 as attachment elements for the one or more drive motors, (b)

as torque-transmitting elements providing the reaction force

from the outer casing to the one or more drive motors and

(c) as wall elements of ducts for incoming and outgoing

gaseous coolant for the one or more drive motors. Utilising

25 the transverse web plates for a plurality of uses in the

manner proposed by this invention has been found to make

possible significant reductions in the _size and weight of

the propulsion unit which is of paramount importance for the
efficiency of operation of a marine vessel.

30 Because the strain acting on the web plates is greater
over the upper half of the drive motor than over its lower
half, it is advantageous to locate the drive motor in an
eccentric position in the bulbous lower portion, so that
there is more space in the radial direction of the motor for

35 the web plates holding the drive motor from above than from

L



v .
fornyl ation of EQ The experinent was repeated with addi tion of

- vari'aus anounts (based on cobalt) of tetra(n- but yl ) phosphoni um
actetate pronoter. Results are shown in 30 Table 1. For internediate
anounts of pronoter, hydro- formyl ati on was accelerated, with
hi ghest rates for Mt/ Co mol ar ratikos of 0.05 to about O.3.

- 12 - ‘Table 1 . Run . M+/ Co Herr]0 (W\t% HPA
(gﬂ@@ TOF (bekowl) This alsd permits &.sidbother transition bat¥een the
1 2 1.5

bulbous 1gw%% portion” of the pgbgulsion ungé, which houses
the drive motor(s), and its vertical tubular shaft, which is
of advantage, especially from a viewpoint of theAstructural
5 strength of the web plates. '

Preferably the web plates form part of the stator of
the drive motor. 1Imn this way the web plates are integrated
as structural support elements of the stator of the or each
drive motor, yet also serve to support the casing.

10 A favourable cooling and supporting structure is
obtained by supporting the at least one drive motor by five
transversely extending web plates which are each arranged
substantially perpendicular to the axis of the propeller
shaft. Such an arrangement allows two ducts for outgoing

15 gaseous coolant to be located between outer ducts for
ingoing gaseous coolant. Conveniently a proportion of the
gaseous coolant can be fed to the or each drive motor to
flow between the rotor(s) and stator(s) and to leave the
stator(s) through radial openings to flow into the ducts for

20 outgoing coolant. For technical reasons the ducts provided
for the incoming coolant are conveniently narrower in the
axial direction of the drive motor than those provided for
the outgoing coolant, preferably in a manner such that the
width of the incoming duct, measured in the axial direction

25 of the drive motor, does not exceed 20 per cent of the

length of the drive motor. '
For hydrodynamic reasons, it is of advantage that the
.drive motor be spaced at a considerable distance from the
propeller, because the maximum diameter of the casing of the
30 propulsion unit is likely to be at the location of the drive
motor. At the same time it is desirable that the mass of
the propulsion unit should be distributed substantially
uniformly relative to the turning axis of the propulsion
unit. Due to this, the centre of gravity of the drive motor

35 cannot be spaced too far from the turning axis of the
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.03 1.5 2.6 20 4 0. 07
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4.2 16 Exampl e 2 - 4 - This exanple illustrates
wat er extraction of cobalt - cat al yst under a carbon nonoxi de

" at nosphere i npropulsion unptedarticweothawd ifmpd it @ésipabhe ubvabevat ¢he
pronoter. 5 e | I XFU fr n - B% I

extracted w t’ﬁe%ngoF&gZ?C%‘in‘g;te’@ ﬁt ré:(rﬁeun er&gjl.ggk./gg? a%ejd V\Pﬁ%)gi t)hat

carbon nonoxiB@lft of5 ther Mertigad3ceesappestirgamt the tubylgzer shaft

contai ning 21941 BRM% CERFERYR' BvhgOE#oAdtnddpPge1ier. of |ower agueous
extract (containing nost of the HPA 10 | product) were recovered and

were found to contain 88 ppnw cobalt. These results correspond to
98.5% of tosal cobmlso for hydraladiag ahdoelegteotechnidadt raadonsnBitReng

W th the drivé) r % io(i' | ?%Eg.cﬁf_tiesr Sé&ﬂf%%%b‘i@ an alternating current
motor) is built so that the ratio between its length and
outer diameter is between 0.5 and 1.8, preferably between
1.0 and 1.6. In this way the optimum design with respect to

10 dimensions and power appears to be obtainable.

A propulsion unit according to the invention is
normally located at the rear end of the hull of a marine
vessel in a location where the bottom of the hull is
considerably higher in the water than the bottom of the

15 centre part of the vessel's hull, so that the propulsion
unit is in a protected location and the propeller cannot
extend below the deepest point of the hull. This
arrangement requires that the bottom surface of the hull,
forwardly of the propulsion unit, rises from its greatest

20 depth to the point of attachment of the propulsion unit.
This is normally via an obliquely upwardly sloping bottom
surface of the hull which is located immediately forwardly
of the propulsion unit. When the vessel moves forward, with
an arrangement as above described, the flows of water over

25 the oblique surface are substantially in the direction of
that surface (i.e. they flow obliquely upwards) where they
meet the propeller. When a pulling>prépe%;§r is used located
at the front end of the propulsionffunit, to make the
propeller function as efficiently as possible it is

30 advantageous for the propeller shaft to be sensibly parallel
with the water currents flowing past the outer casing of the
propulsion unit. For this reason the casing of the
propulsion unit is conveniently located so that the
propeller shaft is at an angle to the turning axis of the

35 tubular shaft, this angle typically being between 89° and
70°, preferably between 85° and 75°. Mounting the
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Exanple 3 15 This experinent illustrates recycle of cobalt

catal yst in-lipophilic phosphonium acet at e- pronot ed

hydr of ormyl ati on. 10.875g of di cobaltoctacarbonyl, 7g of 70%
tetra(n-butyl)phosphoni um acetate by weight in met hanol , 18. 75¢g

tol uene (marker), 25g deionised water 20 and 1838. Oy MIBE wer e char ged
toa 3.8 1 (1-gallon) - bol ted-head $ttrred reactor and heat ed under
13.9 MPa - (2000 psiqg) H2 and 5.6 MPa (800 psi g g CO.. After 1 hour,
123g of EO wRRORHRPR o Unditt | @F e ATca8RFbR. &S 1 SEFHEL ed] bas a furkhessis

gas was addecdwadiy&nogh tédiciep! ehed Béngth of the tubular turning
shaft which yields benefits from a structural strength point

of view. It is not impossible to align the propeller shaft

5 with the hull-induced water flows where the angle between
the axis of the propellexr shaft of the propulsion unit and
its turning axis is 90°, but in that case the turning axis
would have to be obliquely mounted within the hull if the
propulsion unit is to effectively bhave an obligque

10 orientation relative to the surface of the water. This
solution is, however, inferior to an arrangement which
employs a sensibly vertical turning axis and a propeller
shaft inclined obliquely thereto. ' '

When the propeller for normal propulsion of the vessel,

15 acts as a pushing-propeller,” its propulsive power can be
increased by providing longitudinal, somewhat obliquely
mounted, guide vanes on the outside casing of the propulsion
unit to force water flowing past the propulsion unit into a
rotational movement opposite to the rotating direction of

20 the propeller. In this way the guidé vanes function in
principle in the same way as the guide vanes of turbine
machinery, which as known, increases the turbine's, and in
this case the propeller's, power. In addition to this
effect, the presence of guide vanes reinforces the outer

25 casing of the propulsion unit and thus increases its
strength. Particularly in ice conditions, the enhanced
structure provided by guide wvanes has a particularly
favourable effect because the guide vaned also act to keep
large pieces of ice away from the propulsion unit so they

30 are not crushed against the outer casing which could easily
cause such a large localised strain as to deform the casing.
This use of longitudinal guide vanes is also of advantage
when the propeller works as a pulling-propeller for the
normal propulsion of a vessel, but the possibility for using
35 the vanes to enhance the propulsive power is smaller when
the propeller works as a pushing-propeller. The term
"normal propulsion" of the ship as mentioned herein means
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- 13 - hydr of or myl ati on progressed. ~The reaction was term nated

after 50 mnutes, with formati on of HPA product at a rate of 39
h[err]. 375g of deionised water were added to extract HPA at 38
[err]C under 1.5 MPa (200 psig) 1:1 synthesis gas. 5 4959 of aqueous
extract were recovered, yielding HPA 6 product corresponding to 66%
of EO consuned during reac- - tion.  Less than 7% of the cobalt

catal yst was etld agd @uls é’nf tta.lb% a%‘:’c‘)u%h@@ﬁsethe o l? %sTrf ee
aqueous extract was nove ro e reaction, and su seque

cycl es the ref@ShgReDr o&OF ¢ %ﬁﬁ@ wa ransPort-reheﬁmﬁf%ﬁkkﬁ @%ﬁﬁ¢ﬁ¥£sn@as
(2.6 H2/ CO f(Upéll‘Hi:Jlmg may of co\m;é Jz%ula.?&g dPerzR My ecrdlqs¢hy @11&5
recycle reac- . d §£1 Fé% reactio c cles, Result g ag own
i n Tathe vpys nat wi e tB9TPR ofitrigh st Eudtinhn b
gas chro- natographlc analy5|s corresponded to yields (based upon

O consuried of 70 A4l &AL OLer RUIALOT IULA bolpe11or WEBKES &L o

30-45 h[err] Hydr of or rates remai ned e
constant for SWdddpgnon pugbling-propaililes, t&hQOPrOPellﬁe @b@étv%hbuld be

variability i g a§Su PRAPYEE It inCAR tpropulsion unit that there is a
thrust bearing receiving the axial load. In a preferred
embodiment the thrust bearing is located at the opposite end

10 of the propulsion unit to the propeller and is desirably
cooled by the surrounding water (e.g. via lubricating oil
circulating in the bearing). The rotational movement taking
place in the bearing can be used to circulate lubricating
oil 'past suitably arranged cooling areas of the outer

15 casing. The thrust bearing and its oil-circulating
arrangement is favourably located in a closed space at one
end of the propulsion unit. '

It may be convenient to operéte the space within the

casing of the propulsion unit at a pressure which is higher

20 than that of the water outside the casing. This has the
advantage of ensuring that water cannot leak into the
internal space of the unit but it requires the closure of
the space within the casing and the provision of some
compressor arrangement and a pressure control unit attached

25 to it. It may be necessary to provide a heat exchanger for
'cooling the pressurised gas within the interior of the

i

casing. : -

Cooling of the bearings of the propeller shaft and at
least partial cooling of the rotor of the drive motor (or
30 motors) can also be arranged via the propeller shaft by
providing a longitudinal cooling duct in the propeller shaft
through which water can flow when the ship is moving. 1In
this way the cooling power is at its greatest when the ship
is moving at its fastest and this is also the condition when

35 the greatest cooling power is needed.
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recycle (%total cobalt retained in organic phase after wat er
extraction) in the organic phase ranged from93 to . 99% Less than
17 -ppmw phosphorus as the tetra(n-butyl)- phosphoni um pr onot er
partitioned into the aqueous phase. 25 These experinents
denonstrate the conveni ence of rec’ycl e of the cobalt catalyst with

the organic |ayer f-ol | owi ng wat eér ‘extraction for separation from

HPA pr odu ks sRL.E e e £ R 14 qﬁgpo'
acetate pronoter. ?hg ?gg§§%ég%aﬁgpésﬁg%é%géf? retalr?ise(‘s;f.sfﬁ:'t}L ’:H%yuay of
catal ytic act P¥RFPland wdilecrefprencenitp nfher accompanyigmudrawbdhggs orim er

“are lost to t{riagyeous phase upon : extraction. :

Figure 1 is a schematic perspective view, partly in
5 section, of a propulsion unit according to the invention
without the propeller, '

Figure 2 is a schematic longitudinal section of a
propulsion unit according to the dinvention utilising a
pushing-propeller,

10 Figure 3 is a simple schematic cross-sectional view of
a preferred embodiment of propulsion unit according to the
invention, )

Figure 4 is a perspective view of a further embodiment
of propulsion unit according to the invention,

.15 Figure 5 is a schematic side view of a ship equipped
with a propulsion unit according to the invention,

Figure 6 shows a pressurised propulsion unit of the
general type shown in Pigure 2, and

Figure 7 is a longitudinal section through a twin-
20 engined propulsion unit according to the invention.

In the drawings, 1la indicates thg _.euter casing of a
main propeller-driven propulsion unit 1, 2.an electrical
A.C. drive motor inside the casing 1la, 3 a propeller shaft
directly driven by the motor 2 and 4 a propeller attached to

25 the propeller shaft 3 and directly driven thereby. The
propeller 4 is attached to the propeller shaft 3 external of
the casing la. In Figure 1, the propellef is not shown and
in Figure 4 the propeller 4 is shown only schematically.
The propeller 4 may be a pulling- or pushing—p:opeller. The

30 embodiments shown in Figures 1 and 5 use a pulling-
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Recycl e
(ppm
32.90
74. 43
99.5

6

71. 14
96. 6
<15

37. 44
89. 02

Table 2 Cycle # TOF Mn:. HPA  Co

P Loss (h[err]). % VYield . (9
1 38.78 . 66. 15 93. 2 13
77. 86 97.9 NA 3 31. 80
98.7 <15 4 . g - 3570 80. 01
<15 5- 32.94 78.76 99.5
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32. ptopeller(6.1fe embodfBefits shown <ihb Figures 27 4 and 63% 93

Hfshing-propelier. The Brive motdd F3is attdd to tne

opter casi¥gy49a of the @¥opulsigm.8nit 1 bylfeans of all

7ﬂuﬁ§er of E%%ﬁsverse web?plates 5. 12 These wéﬁ Bﬁates are

mpar ative Exa anple 2

96. 3
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10

15

20

25
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35

that they form the supporting structure of the stator and at
the same time attach the drive motor 2 to the outer casing
la. Further, the web plates 5 transmit the reaction forces
to the torgue developed by the motor 2 to the casing la. At
the same time the plates 5 function as stiffeners for the
casing la. Furthermore, the plates 5 form walls of incoming
and outgoing ducts for gaseoﬁs coolant (cooling air) needed
to cool the drive motor 2 as indicated by the arrows 6a and
6b in Figures 1, 2, 6 and 7. The outer casing 1a and the
drive motor .2 are also supported by at ;east one
longitudinal web plate S5a (shown in Figures 1 and 4).

In Figure 2, the position of the transverse web plates
5 can be seen clearly. The ducts for the incoming cooling
air 6a are located at the ends of the drive motor 2 and the
ducts for the outgoing cooling air 6b are located in the
central area of the drive motor. The arrows 6c in Figures
2 and 6 indicate how part of the cooling air fed to the
motor 2 is led to an end portion of the motor, where it
passes into the air gap between the stator and the rotor and
flows through that gap and through radial slots in the
stator out into the duct for the outgoing cooling air 6b.
As shown, the width of the ducts of the incoming cooling air
6a can be noticeably smaller in the axiaL;direction of the
motor than the correspondlng width of the ducts 6b for the
outg01ng ¢ooling air.

It can also be seen from Figure 2 that the drive motor
2 is not centrally located below the turning axis 7 of the
propulsion unit 1. The centre of gravity of the drive motor
2 or its central point, is located within that half of a
vertical cross-section of.the propulsion unit 1 which is
furthest away from the propeller 4. This arrangement

A
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g di cobal toctacarbonyl, 1.5g toluene (internal marker) and 147g
MIBE. After pre-equilibration of the reaction 5 ‘m xture for 1 hour
under 1:1 COH2 at 80 [err]C, 20g EO were added. After three hours,
3.7 mt % HPA was forned, for a rate (TOF) of 4.6 hlerr].
Conpar ative Exanple 3 . Conparative Exanple 2 was repeated with
0.077g of 10 pot assi um-chloride. Only 3.7 wt% HPA was forned in 3.5
hours at 80 [err]C for a rate (TOF) of 4.0 hlerr]. A second run
was conduct ed BREEIASS het witavqurahlia apagsnddiFERdbuliier of the oupggd 1
sodi um chl ori dgei #8ieadeel thet daxniMgCAkald de pA¥vided by APREBX1 gRt ghy £25%
conversi on of EQ zero-order rate g%,lS L onlé 4.3 err] was
achi eved. Thes %&3%??&%%%@ Henﬁﬁ§%§ {sposition {8 2l8P( EAvewrabieyEREss
of neutral salgcodf streamiined shapdtigisofinghbasmit i proumt FIGURE 2 the
Béfi;\?goggl llf)gtfg %f the diametéeoln éj %%plat %u(i.l.t:%'ugs l%%e&‘h%o%%gtoaarl¥ Io? the

i unit 1 to the diameter D of the propeller 4 is less than

0.5, which is relatively favourable.

If the centre of gravity of the bulbous lower portion

1b is significantly displaced from the axis 7 of the tubular

10 shaft 8 it may be necessary to increase the weight of the

unit 1 to strengthen the shaft against the strain acting on
it when full propulsion power is being applied.

Figure 2 shows a pushing-propeller 4 so that the main
moving direction of the shi§ is in the direction of the
15 arrow 9. The cooling effect of the surrounding water can be
utilised to cool the bearings of the propeller shaft 3 by
arranging an axial cooling duct 10 in the propeller shaft.
Since the ship is moving in the direction of the arrow 9,
the surrounding water is pushed into the duct 10 at the
20 upstream end as shown by the arrows 11. These water
 currents 11 are stronger the faster the ship moves and the
faster the ship moves the greater the need for cooling. The
flow of the water current 11 can be increased by arranging
radial ducts at the downstream, or propeller, end through
25 which ducts a flow enhanced by centrifugal force will occur
as shown by the arrows 1lla. Where the propeller 4 is a
pulling-propeller, the arrow 9 will B¢ reversed and the
- simplest solution is to arrange a cooling duct 10 that
extends in a linear manner axially through the entire

30 propeller shaft 3 and the hub of the propeller 4.

In Figure 2 the axial thrust of the propeller shaft 3
is taken up by a thrust bearing 12, which is the bearing
requiring the greatest degree of cooling. This bearing 12
is shown separated by means of walls 13 from the rest of the

35 internal space of the propeller unit 1. A closed space 14



- -15- Exanpl e 4 Conpar atii ve Exanple 2 was repeated with
the addition . of 0.46g of a 40% sol ution of benzyltrinethyl amoni um
met hoxi de in nethanol. 4.73 w % HPA was forned in less 5 than 2 hours,
for arate (TOF) of 11.8 h[err], i.e., a 2.6- fold rate increase
over unpronoted Conparative Exanple 2. . ' Exanpl e 5 -
Conpar ati ve Exanpl e 2 was repeated usi ng afhmoni um ' hydr oxi de (Run 2,

conparative), ; ET ' 2C/11 (trade- 10 rk bjs(d eryl ,

al kyl ) ( hydr oxb®t ﬁ%’%@gy h%PﬁWﬁGnPﬁmone end of 4hg dindbaly n‘%hﬁé §Pafg &F,
benzyl tri net hgtaomphy urcocoled bynethexistherrdimiid)g awdter. The cooling
benzyltrimeth | | . Q% H2: = 2.3 .

Resul ts are s%%ﬁngggrqéaé%no%gnce}gand&d by cv’(nrtc%@%%é'\%go&?ee;g%} gg%ﬁ.‘;?xg%.é%lleog_
The quat er narha5bearingnrighi im ibet smaqs ohdt &0 tSweh cicwhyn tWial 1 &k | gsto

the 5 subject to a strong cooling effect from the surrounding
water. :

Figure 3 schematically shows a main engine M of a ship
and an electrical generator G driven by it. This
combination is connected to a central control device 15,

10 which transmits the power produced by the generator through
electrical cables 16 to the drive motor 2. The cables 16
are only schematically shown. Because the drive motor 2 is
in a turnable unit 1, the electrical power has to be led to
the drive motor 2 via a slip-ring device 17. The turning of

15 the propulsion unit 1 is carried out by means of a steering
motor 18, {vhich, via a pinion 19, acts on a gearing 20
attached to the tubular shaft 8 of the propulsiori unit 1.
Structures <forming part of the ship's hull have been
indicated by numeral 21 in Figures 2, 3 and 5-7.

20 It is also evident from Figure 3 that the drive motor
2 is eccentrically mounted in the bulbous lower portion 1b
of the casing 1a of the propulsion unit 1. The centre point
of the motor 2 is shown at 22 and this is lower than the
centre point of the bulbous portion 1b of the casing 1la

25 which is shown at 23. Because of this, part of the
transverse web plates 5 surrounding the motor 2 are wider
(i.e. at 5b) over the upper half of the.motor than over the
lower half, an arrangement which is favourable from the
point of view of the structural strength of the unit 1. The

30 eccentricity between points 22 and 23 can be between about
3 and 5 per cent of the diameter of the stator 2.

Figure 4 shows how léngitudinally extending, slightly
obliquely mounted, guide vanes 24 can be provided on the
outside of the propulsion unit 1. These guide vanes are

35 angled in such a way that they impart to the water flowing



-
u

nmet hoxi de.
reaction; a
M+ A-
4.6

3 NR[ er
0.2 11.
5.

Exampl e 6
effect of e
cobalt foll
conducted o
" ETHOQUAD"

nol es, 255

Wi | e quaternary ammoni um hydroxi de pronoted t he

nmoni um hydr oxi de di d not. Table 3 Run
Mt/ Co  TOF (h[err]) HPA (wvt % 1 - -

3.7 NH err] OH 0.2 - 3.6 3.1
r OAc QJ_ 12.5 _ 0. : 4 M{erﬂ

9 4.7 5 R érr]  OAc 0.5 12,

0
Oove

pdEt th@FgﬁiE]l éjioﬁaéiéﬁal movément én théggirectlon ?Ee 50

seri es experinments was done to term ne

meacﬁ%ﬁvvun%i%r &élraﬂfoniﬁnncsm dé oii¥eetion opposidavépy e

(aggﬁ?ibﬁﬁlﬁdﬁfﬂﬁﬁﬂdﬂ”ksee the arrow 43drédf afHy |pdEIS) Qer L,

3
5 Ais %n enha%alwaaaﬁivéycgsop. h BEOPYLSHR GO 10f
the mtapelieerd 0 Qabaiie sHEmeBCeiney,r |the nvaldBE 2 arab?. a8k lovtter

3.0°1" H2I OO Juddhd 812 e B 30" SR g ol | 1 To0Te ).

10

15

20

25

30

35

Figure 5 shows how a propulsion unit 1 according to the
invention can be mounted on a ship. According to Figure 5
the propeller 4 is a pulling-propeller and the propulsion
unit 1 has been mounted obliquely so that the angle "a”
between its turning axis 7 and the axis of the propeller
shaft 3 is about 80°. This is a favourable solution,

especially when the propeller is a pulling-propeller, in.

which case the propeller is close to an upwardly rising
bottom rear portion 26 of the -ship's hull, where the water
flows mainly in the direction of the arrow 27. The oblique
positioning of the propﬁlsion unit 1 has the effect that the
propeller works substantially in line with the direction of
the water flowing up past it, which is favourable from the
point of view of maximising'propulsion efficiency. Angling
the unit 1 relative to the surface of the water as described
above reduces the length of'the tubular shaft 8 of the
propulsion unit 1 which gives noticeable advantages with
regard to structural strength.

In the embodiment according to Figure 6, the entire
internal space of the propulsion unit 1 with its tubular
shaft 8 is closed and maintained uan;;-pressure. The
pressure is kept above that of the highest pressure of the
surrounding water, so that water cannot leak into the motor
space and thus cannot cause damage to the equipment in the
propulsion unit. This over-pressure is maintained by means
of a compressor 28 controlled by an automatic control device
29, Required gauge- or supervision-equipment 30 is
connected to the system. In order to ensure that the
cooling of the drive motor 2 functions properly, a heat
exchanger 31 is Shown, to which coolant streams (such as

allon) scales .in the resence
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- 16 - Reactions were restricted-to formation of |ess than 10

Wt % HPA prior to water extraction. Water extractions were carried
out at 25 to 40 [err]C and 0.5 to 2.2 MPa (50 to 300 psig) CO wth
varyi ng anmounts of water added to 5 gi ve organi c/ agueous phase rati os
of 1.5:1to 4:1. As can be seen frpgm Jable 2, the use of a
i pophilic ammoni um-salt pronoter and extraction under CO enabl ed

the recycl e owagew or rire) odre hfedobal tinddicalbedt hy tdawrows 6d.t h@or the .
hydrof ornyl at cEﬁaEﬁ Qﬁ&%@l\b‘into’f Wl ﬁr'éﬂgé‘u‘fﬁ%elio aﬁs 1 p¥i e gl lQé[ an

8
concentr at ed ang extracte at a great
10:1 ratio. THR@ace one or more fans 32 can be used Coola.ng of he drive

motor 2 can be effected by the use of one or more heat

5 exchangers even in a case where the internal space of  the
propulsion unit is not pressurised or closed for other
reasons. ' '

In the embodiment according to Figure 7, two
independently operating drive motors 2a and 2b are shown in

10 the propulsion unit 1. The drive motor 2a is connected to
a propeller 4b and the drive motor 2b is connected to a
propeller 4c. In the embodiment illustrated the propellers
4b and 4c are at the same end of the propulsion unit 1.
However, it is also feasible to locate the propellers at
15 opposite ends of the propulsion unit 1. The propellers 4b
and 4c can rotate in opposite directions. = Two thrust
bearings 12a and 12b would, of course, be needed in a
propulsion arrangement that has two propellers. The air
cooling of the drive motors 2a and 2b can be arranged
20 substantially in the same way as described with reference to
Figures 1 and 2, but there are only four web plates 5
arranged perpendicularly to the shafts of the drive motors
in the embodiment according to Figure 7. The use of two or
more propellers rotating in pairs in different directions is

25 known per se from, for example, FI-B-75128. However, we
have found there to be a significant advantage in propulsion
efficiency by having two propellers each driven from a
separate electrical motor and this is pa'rtlcularly true at
high propulsion powers where a s:.gn:.flcg’n‘tly more favourable

30 solution (both in terms of economy and technology) is
possible. - ' |

The invention is not restricted to the embédiments
shown, since several modifications are feasible within the
scope of the following claims.



cobalt catalyst and HPA were efficiently separated. Moveover, Run 7

represented a recyc#e—o%—ea%a#ys%~fron1 Run 6 (3.79 1 scale). For
Run.7, a hydrofo rate of 33 h[err] was obt ai ned,

conpared with a r1 “mR@lmmd h[err] in Run 6. This |IIustrates t hat
the invention "HII e ITB.] orily;9f_the catal yst, Taq it w m EI\?

in essentl Tabl e 4

Hydr of : % Co* HPA wt % HPA W %CLATMS Run  MP4_(psi BﬁPLACED

AL 10. 4 (1500) ~ 91.4 = 12.1 1.1

10. 4 (1500) 91.5 20.3 0.9 o 3 10.4 (1500) 90.4

21.7 1.2 1. Admain pRopHuls306@) und4 41) of23 Righ powed shlp or S5#

194 (1500) Bhade vasgll dasipg fdsg) (31, bomprigh (G Bhegt® ng
Per cent tot aI (dsbaldefiigtizinied itnbulganishafiye(8) turnable Regutedn axis
catalyst. g substantially normal to the water surface and a bulbous

lower portion (1b) connected to and turnable together with
the tubular shaft (8), said casing (la) defining in the
bulbous portion (1b) ‘an internal space containing an
electrical drive motor (2) and a propeller shaft (3)
10 connected to at least one propeller (4) external of the
outer casing (la), characterised in that the outer casing
(1a) is, on its inside, supported by a plurality of web
plates (5), which are arranged to act, simultaneously, as
structural elements stiffening and supporting the outer
715 casing (1la), as elements securing the drive motor (2) in
place and transmitting to the casing (la) reaction forces to
the torque developed by the drive motor (2) as well as
acting as wall elements of ducts for incoming and outgoing
~ gaseous coolant for the drive motor.

20 2. 'A propulsion unit (1) according to claim 1,
characterised in that the centre (22) of the drive motor (2)
is below the centre (23) of the bulbous lower portion (1b)
of the casing (1a) so that the drive motor (2) has an
eccentric position in the bulbous lower portion (1b)

25 providing more space in the radial direction of the motor
above the level of the céntre (22) of the drive motor than
below that level. RS

3. A propulsion unit (1) according to claim 1 or claim
2, characterised in that the web plates (5) holding the

30 drive motor (2) are connected directly to the stator of the
motor, .thereby forming part of the structural framework of
the stator.

4, A propulsion unit (1) according to any preceding
¢laim, characterised in that the drive motor (2) is

* [ L L S *




Conpar ati ve Exanple 4 20 Conmpar at i-ve Exanple 1 was repeated in the
absence of added water and w th addition of 0.14g of sodium acetate
trihydrate as pronoter, added at a ratio Na/Co of O0.2.

- 17 - HPA was forned at a rate of 41 h[err]. After cooling and
addi tion of 30g deionised water for extracfjon, only 77% of the
cobal't catalyst remained with the upper sol vent | ayer. 23% of the

cobalt was exgﬁggbedew bi} fb@e&ﬁé@%&%@s (5) @dw%trra'ﬁyeﬁ Shdstdadtially
corresponds appr.oxi d|un1ac e added to
gggppg l%r %o %$§W6Fé57ofa%%e prope BT Y {

pronote the r

5. A propulsion unit (1) according to any preceding

claim, characterised in that the centre of gravity of the

5 drive motor (2) is within that half of a vertical cross-

section of the propulsion unit (1) which is furthest from
the propeller (4).

6. A propulsion unit (1) according to any preceding

claim, characterised in that the ratio of the length of the

10 drive motor to its outer diameter lies between 0.5 and 1.8
and preferably between 1.0 and 1.6.

7. A propulsion unit according to any preceding claim,
characterised in that the angle between the axis of the
propeller shaft (3) and the turning axis (7) of the

15 propulsion unit (1) relétive to the vessel (21) is between
89" and 70°, preferably between 85° and 75°, whereby the
axial direction of the propeller shaft (3) substantially
corresponds to the flow direction of water flowing past the
casing (la).

20 8. A propulsion unit (1) according to any preceding
claim, characterised in that guide vanes (24) are provided
on the casing (la) to deflect water flowing past the casing
(la) to +thereby increase the propulsive power of the
propeller (4) and at the same time stiffen the outer casing

25 (la) of the propulsion unit (1). s

- 9. A propulsion unit according to any preceding claim,
characterised in that an oil-lubricated thrust bearing (12)
for absorbing axial load from the propeller shaft (3) is
located at the opposite end of the propulsion unit (1) from

30 the propeller (4), and in that the cooling effect of water
on the casing is arranged to cool the lubricating oil of the
bearing (12).
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Conparative Exanple 1 was repeated with addition of O 8g of

tef raoct yl phosphoni um acetate pronoter, for a 10 ratio of 0.29 noles
pronoter per nole of cobalt. At ap- ' proxi mately 40% conver si on,
3.19 wt % HPA had been forned ~at a rate of 27.9 h[err], or a 50%
rate increase over that observed Ilﬁat he absence of prompter in
Conparative Example ‘1, Run 1. U'ti‘Mately, 8.1 w % HPA was formed at

15 -~ 90% convergj on. A propulsion gﬁlfllggmﬂg dd¥oratd 198 ag{?e?f:%@&ﬁiﬂged

product m xture tenperature. 30.5 el onl

wat er claie, agderaatienigedicinothat HikeundBEegnal vEPI®H0 ofsi Ghe

synthesis gasgad¥der (38) mwtﬁﬁes%ﬁaedwae% tgrrna%tledaﬁ&ve thaencb§3t§ of
an aqueous product Iayer containing 27 w were isolated. The

aqueous | ayervatft SufPuAding, the n"ecb’i?d-ltt aga &HI §h§% gPoL kBt Bf afhe

cobal t chargyeikividandtRer (2) is efﬂé@aémCViayerhéa&oeﬁghangeramahysed to
contain 0.19 w % cobalt, or negligible loss relative to the initial
cobalt 25 charge. Recycle of 99% of the cobalt catalyst with the
organi ¢ | ayer reprkkentd pedpulsdooni nnitbdll) leocsodding to any preteding

gg, Q?L?it iV;eEaxloa *@at Zp%ﬁ?é‘éi‘.’é‘ﬂ%& h5Q8iat M coo1ing?BEER! £18Y OLRd PRahFea
" ax:.ally in the propeller shaft (3) through which duct (10)

surrounding water may flow.

10 12. A propulsion unit (1) according to any preceding
claim, characterised in that there are at least two
independently functioning drive motors (2a, 2b) in the
propulsion unit (1), each of which motors (2a, 2b) is
connected to drive its own propulsion propeller (4b, 4c).

15 13. A rudderless marine vessel characterised in that
it incorporates a propulsion unit (1) as claimed in any
preceding claim and includes an electrical generator (G), an
enginé (M) for the generator and electrical cables (16) for
feeding electrical power from the generator (G) to the at

20 least one drive motor (2) in the propulsion unit (1) via the
tubular shaft (8). '
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Exanpl e 8 30 Conparative Exanple 1" was repeated with addition of

0. 4g of tetraphenyl arsoni um acetate pronmoter, for a ratio of 0.18
nol es of pronoter per nole of cobalt. At about _ 40% conversion, 3.9
wt % HPA had been formed at a rate of 43.5 h[err], or nore than 2.3
times the rate observed in the 35 absgnce of pronoter in Conparative
Exanple 1. The reac- ' - 18 -
tion was term nated foll ow ng formati oARSTRACT W % HPA, at an EO
conversion of approxi mately 80% Fol |l owi ng the reaction, the

m xture was cooled to

SHIP PROPULSION ARRANGEMENT

A main propulsion unit (1) of a high power ship or

other large marine vessel (21) comprises an outer casing

5 (la) said unit having a tubular shaft (8) turnable about an

axis  substantially gnormal to the water surface, and

comprising an outer casing (la) which communicates with the

tubular shaft and defines an intermal space containing an

electrical drive motor (2) and a propeller shaft (3)

10 connected to at least one propeller (4) external of the

outer casing (1a). The outer casing (1a) of the unit (1)

is, on its inside, supported by a plurality of web plates

(5), which are arranged to act, simultaneously, as

structural elements stiffenirg and supporting the outer

15 casing (la), as elements securing the drive motor (2) in

place and transmitting to the casing (1a) reaction forces to

the torque developed by the drive motor (2) and acting as

wall elements of ducts for incoming and outgoing gaseous
coolant for the drive motor.

FIGURE 2
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room tenperature. 30.2g of dei oni sed water were added for 5 extraction

of product under 1.5 MPa (200 psig) synthesis gas. After 30

m nutes, mixing was term nated and 33. Qg of an aqueous product

| ayer containing 20.5 wt % HPA were i sol ated. The aqueous | ayer
contai ned only 39 ppm cobalt, or less than 1% of the total cobalt
charged. The upper 10 sol vent |ayer (108.4g) was anal ysed to contain
0.2 W% cobalt. Recycle of wone-than 99% of the cobalt catal yst

wi th the upper solvent |ayer represents reduction in cobalt | oss by
a factor of 23, relative to that observed. w th sodi um acet ate

pronotion in Conparative Exanple 49
: ~

50—
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REVI SED CLAI M5 1. A process for preparing 1, 3-al kanedi ol s and

3- hydr oxyal dehydes by hydrofornylating an oxirane with car bon
nbnoxi de and hydrogen in the presence of a cobalt- based cat al yst
and a pronoter, characterized in that the 5 cobal t - based catalyst is a-
non- phosphi ne |igated catal yst and the pronmoter is a lipophilic
quaternary salt of a -G oup V el enent. "~ 2. A process as clained
in claiml, wherein the oxirane - .8 a hydrocar byl - epoxi de havi ng of 2
up to 30 carbon 10 at ons. 3. A process as claimed in claim1l
wherein the oxirane I s et hyl ene oxide. 4. A process as
claimed in any one of clains 1 to 3, carried out in the presence of
an inert, essentially non- 15 wat er - m sci hl e sol vent.
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5. A process as claimed in claim4, wherein the sol vent IS an

al cohol or ether according to formula (1) [err] I n
whieh R1 is hydrogen or a |inear, branched, cyclic or. aromatic
C err] hydrocarbyl or nono- or polyal kyl ene oxi de 20 and R2 is a
| i near, branched, cyclic or aromatic Cerr] hydr ocar byl , al koxya or
nono- or pol yal kyl ene oxi de, - or ' Rlerr], R err] and O together forma
cyclic ether. 6. A process as claigred in claim4, wherein the
sol vent is an al cohol or ether according to formula (2)
o |
o o D i o
- /8 15
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[err] - - 20- in which RL is

hydrogen-or C[err] hydrocarbyl and R3, R4 and R5 are independently
selected from (err] hydrocarbyl, ~al koxy and nono- or pol yal kyl ene
oxi de. 7. A process as clainmed in any one of clains 1 to 6, 5
wherein the anount of cobalt-based catalyst is in the range of 0.01
w%to 1.0 wt % based on the-weight of thg _ reaction m xture. :

8. A process as clained in any one of clains 1 io 7,

-1




wherein the |ipophilic quaternary salt of the Goup V 10 cation is

represented by forrmula (3) [err] in which each R group is

stl ected i ndependently from unsubstituted and inertly-substituted
Cerr] linear, branched, cyclic or aromatic hydrocarbyl, al koxy, or
nono- or pol yal kyl ene oxide, Mis a Goup V atomand is 15 preferably
a nitrogen, phosphorus or arsenic atom and é__ Is a basic anion
having a conjugate acid of pKa >2. . A process as claigged i'n claim
8, wherein the “lipophilic quaternary salt is selected om
benzyltri(n- but yl ) anmoni um acet ate, benzyl tri net hy ni um 20

nmet hoxi de, benzyl tri nmet hyl anmoni um hydr oxi de and d

guat ernary anmonium-salts; tetra(n-butyl)- cetate,

t et raoctyl phosphoni um acet at e,

kbig. 5 31
6dy 6d |10

'Ba
ba Ba
—_ o
/,' A
T U ; 32
. 21
,,/L \\\~ )
N\ /H’ 1%
TR TR
P ENEE =R )/§ N3
L AR = 1
NN 1111 | e e 1
74 ,\\“\\‘\\&FW_ - ,
.12 “ \ 3 | JHH=LH~ N 'm
'L\ﬂ LS =S S i
a N B AF&_X AR
: 14
2 13 M2

1a




-

tetraphenylphosphoniun1hydfoxide and benzyl tri nmet hyl - phosphoni um

acetate; and tetraphenyl arsoni um acetate, 25 tetra(n-butyl)arsoni um
‘acetate, and tetraoctyl arsonium: acet at e. 10. A process as
claimed in any one of clainms 1 to 9, wherein the lipophilic
guaternary salt -of the Goup V -element is present in an anount in
the range of 0.01 to 30 - 0.6 nol es. get nol e of cobalt.
- 21 - . 11. A process as clainmed in any one of clainms 4 to 10,
wherein the solvent contains water |evels in the range of 1.0to
2.5 wt%
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12.° A propegl

. e
2 of iclaims 1 to 11, 5 wher & hT e
oxirane is i f-_fQ ’ ‘th’ 'hydlj_ogen and: carbon nonoxide in a
nol ar rat d\N’t‘h[\n’R ' to 8:1. - é}xa A process
as cl ai rrerd ' ATy BoRe ’Jé‘f“”ti 2l g o- 12 wher ei n & EMENT SHELT.

3- hydroxyalﬂehydé"??l n ‘thecd ead®iBed0- |  hixture is maintained at |ess

t han, 15 % 14. A progess as ¢lainmed in-any one of clains 1 to 13,
wher ei n t henhydr oforBYERT onodfEhction ijs carried out at ' el evat ed

t enper at Ure T E8s T HaAR TOU T e rJEL i PRORULAT QI CARRNNGEMENT wi thin the range
of 3.5 to 34.6 MPa. 15 15. A process as clained in any one of clains 1
to 14, V\/nereln the h drofo | ati on product is separated

b : .
extracti on with an 3qebueSTHyigH He es to a;@aim PropHigLo surE‘itaPﬁe% high
claim 15, vvhelpeiﬂarvﬂtm or other largeatdeine esiselyalrafdingyt atthenpreagilieon

product m xt upe E@ag,gl provide a water:m xture weight ratio wthin the
range of 1:1 to 1:20. 17. A process as clained in claim15,
wherein the cobalt- based catal yst is recycl ed. 18. A

process as cl ai ned? Rrapyleinn nit| Feardingote7the preamble of claim 1 has
become known from a brochure titled m"Azimuthing Electric

Propulsion Drive - Azipod", by Kvaerner Masa-Yards and ABB.

FI-B-76977 discloses a marine propulsion unit comprising a
casing turnably supported from the vessel which casing encloses
an electrical motor and a propeller shaft and supports outside
the casing a propeller on the shaft to 'be driven by the
electrical motor. However, FI-B-76977 is.silent on the practical
realisation of the concept of such a propulsion unit particularly
from the point of view of structural strength and economic
feasibility. One aim of this invention is to provide a practical
reaslisation of a propulsion unit of the general kind shown in
FI-B-76977 and to create thereby a high power main propulsion
unit for a large marine vessel that functions well in practice.
and is economically and technically of a favourable design.

The invention is particularly well suited for marine vessels
the propulsion power of which is of 10 Megawatts or more because
the higher the power output of the propulsion unit the more:
advantageous becomes the ratio between the maximum diameter of a
bulbous lower portion of the propulsion unit and the diameter of
the propeller. When the prdpulsive power is about 1.5 MW, the
ratio of the diameters of the widest part of the casing of the
propulsion unit and the propeller is typically about 0.65. When
the power has increased to about 10 MW the ratio in qliestion is
likely to be between 0.4 and 0.5. Desirably when applying the
invention, the said ratio should be 0.5 or less.

Because mno conventionally long propeller  shaft and
corresponding equipment is needed in the hull of the vessel when
applying the invention, extra space is released in the hull for
other uses. Furthermore the drive machinery of the vessel can be
located in any place within the hull, because

This is the replecement sheet
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wherei n the 3-hydroxyal dehyde is.hydrogenated to yield

"1, 3- al kanedi ol .

13 REPLACEMENT SHEET
CLAIMS
1. A main propulsion unit (1) of a high power ship or

other large marine vessel (21) comprising an outer casing (la)
defining a tubular shaft (8) turnable about an axis substéntially
normal to the water surface and a bulbous lower portion (1b)
connected to and turnable together with the tubular shaft (8),
said casing (la) definiﬁg in the bulbous portion (1b) an internal
space containing an electrical drive motor (2) and a propeller
shaft (3) connected to at least one propeller (4) external of the
outer casing (1a), the outer casing (la) being, on its inside,
supported by a plurality of web plates (5), which are arranged to
act, simultaneously, as structural elements stiffening and
supporting the outer casing (la), as elements securing the drive
motor (2) in place and transmitting to the casing (1a) reaction
forces to the torque developed by the drive motor (2)
characterised in that the web plates also act as wall elements of
ducts for incoming and outgoing gaseous coolant for the drive
motor (2), whereby a part of the gaseous coolant is led through
a duct (6a) for incoming gaseous coolant, into the gap between
the stator and rotor of the motor and out into a duct (6éb) for
outgoing gaseous cooclant.

2. A propulsion unit (1) according to claim 1,
characterised in that the centre (22) of the drive motor (2) is
below the centre (23) of the bulbous lower portion (1b) of the
casing (1a) so that the drive motor (2) has an eccentric position
in the bulbous lower portion (1b) providing more space in the
radial direction of the motor above the level of the centre (22)
of the drive motor than below that level.

3. A propulsion unit (1) according to claim 1 or claim 2,
characterised in that the web plates (5) holding the drive motor
(2) are connected directly to the stator of the motor, thereby
forming part of the structural framework of the stator.

4. A propulsion unit (1) according to any preceding
claim, characterised in that the drive motor (2) is -

[ ORCEHIONEIN s i the ropiacement sheet
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