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DESCRIPTION

[0001] The present invention relates to a ship's hull and to a ship including said ship's hull.
More specifically, the invention relates to a ship's hull and an associated ship which utilises
wind energy for propulsion, a substantial portion of the ship's above-water hull being designed
to function as a sail.

[0002] Sustainable sea transport is dependent on the development of new technology that is
capable of utilising the renewable resources found in the ocean. Wind is one such resource,
and it arises from solar energy and the earth's rotation. Meteorology provides information
about wind strength and wind direction, and therefore wind energy has become predictable. By
using computerised weighting of meteorological data, a computer program can compute the
best route across the sea for a ship in order to harness the available wind energy. This is
called weather routing, and is commercially available today. Thus, it will be easy for the captain
on board a ship according to the invention to select the best course in order to harness this
energy for propulsion of the ship. In addition to today's advanced meteorological tools, the
term "trade winds" is already known from the days of sailing ships, and designates routes
between the different continents that are known from experience to be particularly suitable as
regards wind direction and strength.

[0003] In US 3425383A a hydrofoil is described wherin high aspect ratio displacement foils
which buoyantly support craft above water, craft having combinations of displacement and
dynamic hydrofoils, methods for operating craft with displacement and dynamic hydrofoils, and
symmetrical foils and external flaps are described.

[0004] An object of the present invention is therefore to provide a ship which permits sea
transport with virtually zero emissions into the air and the sea.

[0005] The present invention is defined by a ship's hull according to claim 1. Furthermore, the
aforementioned and other objects are sought to be achieved by means of a ship according to
dependent claim 11, the ship including a ship's hull wherein a substantial portion of the hull is
above its waterline, wherein the hull above the waterline is designed essentially as a section of
an aerofoil of the NACA foil type which is symmetrical in relation to the hull's centre line and
where the leading edge of the aerofoil is facing in the direction of the front of the ship in order,
in relative wind, to generate an aerodynamic lift that produces propulsion of the ship within an
angular sector of the ship's course or direction of propulsion, the aerodynamic lift being
balanced out by a hydrodynamic lift generated under the waterline.

[0006] A ship with a hull designed in accordance with the present invention, and which moves
in the relative wind will, as mentioned above, generate an aerodynamic lift which produces
propulsion within an angular sector of the course. This is the ship's wind power system. The
relative wind, measured on board the ship, is determined by the ship's course and speed, and
the direction and strength of the true wind. With an electrical propulsion system in addition,
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which also sets the ship in motion from stationary and takes it up to the desired speed, it is
possible to exploit the generated lift for propulsion, and thus save fuel. It is a dynamic system
which maintains a constant speed for the ship.

[0007] The aerodynamic lift (L) involved here is like a vector with a point of attack at the centre
of gravity of the above-water hull. To obtain equilibrium, the aerodynamic lift, as mentioned
above, is balanced out by a hydrodynamic lift which, in an advantageous embodiment of the
invention, is generated by four hydrofoils arranged below the waterline, two hydrofoils being
arranged parallel on each side of the centre line of the ship's hull, and symmetrical in relation
to the centre of gravity of the underwater hull, and where each hydrofoil is edged 45° inwards
and downwards towards the centre line of the ship's hull. The centre of gravity of the
underwater hull is thus also the pivot point of the ship.

[0008] Therefore, it must be that:
« Aerodynamic lift x arm 1 = hydrodynamic lift x arm v
wherein

e Arm 1 = distance from centre of gravity of above-water hull to centre of gravity of
underwater hull

« Arm v = distance from centre of gravity of hydrofoils to centre of gravity of underwater
hull.

[0009] In a developed design model, arm 1 is equal to arm v, and projected area of the
hydrofoils is set at about 5% of the "sail area”, i.e., projected face of the hull in the longitudinal
direction of the hull.

[0010] In order to obtain a hydrodynamic lift, the hydrofoils have an angle of attack of 1-5°,
called the leeway angle, which will be produced dynamically. Thus, a dynamic stabilisation of
the ship's rolling is also obtained.

[0011] The centre of gravity of the ship's above-water hull must therefore lie on a line
perpendicular to the centre line of the ship's hull, immediately above the ship's pivot point.

[0012] As an example of air forces and water forces, there is shown in attached Figure 1 a
representation, taken from Aero-hydrodynamics of Sailing by Czeslav A. Marchaj, ISBN 0-396-
07739-0, of forces acting on a sailing boat set in motion by the true wind, V1, and where the

corresponding wind recorded on board the boat will be the relative wind V5. The angle
between the vector for the boat's speed Vs and the relative wind V5 will be the angle B, as can

be seen from the figure.

[0013] For the side forces on the centre line of the boat to be in equilibrium, it must be that



DK/EP 2655182 T3

4 FS=FH

[0014] Fs arises in that a vertical hydrofoil (also called "keel" on sailing boats), having a
specific area is given an angle of attack, here called the "leeway angle". The hydrofoil in the
form of the keel has a symmetrical form (NACA) about its horizontal centre line, parallel to the
boat's centre line. The vertical centre line generally lies 25% behind the leading edge, and runs
through the centre of gravity of the underwater hull. This is the pivot point of the boat.

[0015] F is the horizontal heeling force which will create a heeling moment
e My=Fpxarm

wherein the arm is the vertical distance from the centre of gravity of the sail to the centre of
gravity of the underwater hull.

[0016] FS is a horizontal force which acts at 90° to the centre line of the hydrofoil, through the
centre of gravity of the hydrofoil. If there is no distance horizontally between the centre line of
the hydrofoil and the centre line of the underwater hull (as in the case of a centre-mounted
keel), there will be no righting moment

e MS=FSxarm

[0017] The righting moment must be equal to the heeling moment in order to obtain balance

« MS=MH

[0018] The arm here will be the distance from the centre line of the hydrofoil to the centre line
of the underwater hull, which in the present case with a centre-mounted keel will be 0.

[0019] Therefore, on sailing boats with one hull, the weight of the hydrofoil (keel) is used as
righting moment. Displacement can also be used as righting moment if it is not possible or
desirable to use weight, as in sailing boats with multiple hulls. Displacement is also used as
righting moment in larger vessels with one hull.

[0020] If the hydrofoil is edged or inclined, for example, 45° inwards towards the centre line of
the underwater hull, and is placed on an arm at a given distance from the centre line, it will
generate a force. This force, multiplied by the arm will be a dynamic righting moment, in that
there will be a speed and an angle of attack, the leeway angle. Depending on which side of the
hydrofoil Fs is generated, above/below, through the starboard or port leeway angle, Fs will act
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at 90° to the vertical centre line of the hydrofoil, through the centre of gravity

s Mg=Fgxarm

[0021] It is thus possible to generate a righting moment with just one symmetrical hydrofoil on
a horizontal arm at a given distance from the centre line of the vessel. This vessel is called a
"Proa”, and it functions with the wind on both the starboard and the port side.

[0022] On larger vessels, the aforementioned would be impractical, and therefore there are
generally two inclined hydrofoils, as on a trimaran.

[0023] In the aforementioned advantageous embodiment of the invention, it is intended to
have four inclined hydrofoils which generate a righting moment, in addition to some
displacement for practical and safety reasons, and which give an essentially trimaran-shaped
underwater hull.

[0024] Measured in the centre of the underwater hull, a length/breadth ratio of 8.3: 1 is
advantageous because it appears that there is a limit at 8:1 with regard to creating
unfavourable turbulent flow around the stern of the vessel, which gives an increased drag in
the sea.

[0025] With a length/breadth ratio as given above, the vessel will have little sideways stability,
and the trimaran form of the aforementioned advantageous embodiment of the invention has
been chosen to make up for this fact, and gives such good stability and low drag through the
sea that none of today's merchant vessels can boast anything similar.

[0026] Calculations show that a large merchant vessel where the above-water hull and the
superstructure are designed without giving any thought to aerodynamics and wind, such as the
vehicle carrier Maersk Taiyo with a main engine of 16000 hk, at a ship speed of 9 m/s and a
wind strength of 8 m/s from an unfavourable direction could experience a braking effect of up
to 907 hk because of the wind. This braking effect corresponds to an oil consumption of up to
2.8 tonnes/day, which is highly significant as regards the environment and costs.

[0027] Similar calculations for a preferred embodiment of the invention, with an aerofoil area of

5580 m?2 and a ship's speed Vs of 7 m/s and a true wind strength of 12m/s from an angle of
attack B equal to 43° shows that it is possible to generate 13570 hk propulsion for the ship
from wind power.

[0028] That it is possible, with the aid of wind power, to obtain huge propulsion forces, which
may also give very high speeds is already well known, and it may be mentioned that the world
record for ice sailing is 65 m/s (235 km/h), which was set at a true wind speed of V1 equal to

14.5 m/s and an angle of attack B equal to 14°.
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[0029] Wind tunnel tests carried out at the Norwegian University of Science and Technology -
NTNU ("Wind tunnel study of the above-water part of a ship's hull", by Professor Lars Saetran,
October 2010) on a hull with a symmetrical NACA foil (NACA 16-018) cut off at 95% of the
chord length concludes that (quote): "the model test of the hull with NACA foil gives a
component of wind forces that act in the ship's direction of travel in a sector of from about 13 to
39 degrees wind relative to the longitudinal axis of the ship".

[0030] In the aforementioned study, it was also documented how important it is to establish a
maximum two-dimensional flow over the symmetrical NACA foil section which constitutes the
tested hull in order to obtain an optimal effect of the hull shape with regard to generating wind
forces for propulsion of the ship, and which in the study was done by doubling the length of the
symmetrical NACA foil-shaped aerofoil for one of the tested models. It is also previously known
from the technical literature that a two-dimensional flow profile can be obtained over an aerofoil
by arranging end plates at both ends of the aerofoil, perpendicular to the longitudinal direction
of the aerofoil. For a ship where the aerofoil extends essentially down to the water surface, the
water surface will inevitably constitute such an end plane or surface, and it is therefore in
connection with the opposite, other end of the aerofoil towards the top of the ship that it will be
most important to arrange such an end plate or face. Such side plates or faces are extra
important when there is a small aspect ratio, where the length of the wing section is small in
relation to its chord length, as will inevitably be the case in a ship's hull according to the
invention, unlike the wing of an aircraft which has a high aspect ratio.

[0031] Test data from the aforementioned study is shown in Fig. 2, where it can be seen that
with the doubled hull hight and with tripping (shown by "paned window"-shaped symbols), a
positive component of force was obtained (shown as negative drag coefficient, Cd, and where
it is precisely this negative drag that is used for propulsion in sailing) with a relative wind from
13° to 39°, and with a maximum force at 30°. Without tripping, shown by "diamond"-shaped
symbols, the result was slightly poorer, but a significant positive component of force was still
obtained. For the two other test models (respectively a traditional ship's hull and a single NACA
foil-shaped wing section) indicated by the two other symbols, as can be seen from the figure,
no similar positive component of force was measured.

[0032] It should also be mentioned that the Applicant has had access to log data entered on
board a vehicle carrier, M/S Hgegh Trooper, of 21000 dead weight tonnes (DWT) from a
crossing from Jacksonville in Florida to Valletta on Malta in the period from 3 September - 15
September 2010, and then on to Korea and back to Europe, where this log data shows that the
ship was within a sector of 13-39° more than 45% of the crossing time. If the course had been
adjusted by up to 10%, this figure would have been 59%. This means that with the best of the
test models from the tests carried out by NTNU, the negative wind forces would have been
turned to positive about 59% of the time.

[0033] A ship according to an advantageous embodiment is shown in the following attached
figures, where the length is 180.5 m, the height is 33 m and the breadth is 34.2 m. This gives a
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sail area of 5957 m2. With a relative wind of 19 m/s, 30° to the course, this suggests that this
embodiment of the invention could sail without use of engine power. It was conditions such as
these that M/S Hoegh Trooper had on the ninth day of the crossing.

[0034] According to the invention, there is therefore provided a ship's hull, wherein a portion of
the ship's hull is above its waterline, wherein the hull above the waterline is designed as a
section of an aerofoil of the NACA foil type which is symmetrical relative to the centre line of the
ship's hull and where the leading edge of the aerofoil is facing in the direction of the front of the
ship, in order, with relative wind, to generate an aerodynamic lift which produces propulsion for
the ship within an angular sector of the ship's course or direction of propulsion, the
aerodynamic lift being balanced out by a hydrodynamic lift generated below the waterline.

[0035] According to the invention, there is further provided a ship with a ship's hull as disclosed
above.

[0036] A non-limiting embodiment of the invention is described in further detail below with
reference to the attached drawings, wherein:

Figure 1 is a representation taken from Aero-hydrodynamics of Sailing by Czeslav A. Marchaj,
ISBN 0-396-07739-0, of the forces acting on a sailing boat set in motion by the true wind V7,

and where the corresponding wind registered on board in the boat will be the relative wind V.
The angle between the vector for the boat's speed Vs and for the relative wind Vp will be the

angle B;

Figure 2 is a graph of test results from a wind tunnel experiment carried out at NTNU ("Wind
tunnel study of the above-water part of a ship's hull", by Professor Lars Seaetran, October
2010); and

Figures 3-7 are respectively, side, perspective, sectional, front and rear views of an
advantageous embodiment of the invention, where Figure 5 is a section taken along the line A-
Ain Figure 3, and where the line A-A coincides essentially with the ship's waterline.

[0037] Figures 3-7 shows a ship 1 according to the invention where a substantial portion of the
ship's hull above the waterline is designed essentially as a section of an aerofoil 2 of the NACA
foil type which is symmetrical in relation to the centre line S of the ship's hull and where the
leading edge 3 of the aerofoil 2 is facing in the direction of the front of the ship, in order, with
relative wind, to generate an aerodynamic lift which produces propulsion for the ship 1 within
an angular sector of the ship's 1 course or direction of propulsion, the aerodynamic lift being
balanced out by a hydrodynamic lift generated below the waterline.

[0038] The NACA foil is advantageously of the type NACA 16-018, with the trailing edge 4 of
the aerofoil section 2 cut off at 95% of the chord length of the aerofoil.
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[0039] The aerofoil section 2 is delimited by respective upper 5 and lower 6 faces above the
waterline which project at an angle out from the aerofoil section's 2 surface over a substantial
part of the periphery of the aerofoil section 2, and especially along the leading edge 3 and
sides of the aerofoil section 2, the angle advantageously being greater than or equal to 90°.

[0040] The hydrodynamic lift is advantageously generated by a plurality of hydrofoils 7
arranged below the waterline, where, as shown, four hydrofoils 7 are symmetrically arranged in
relation to the centre line S of the ship's hull and in relation to the centre of gravity of the ship's
underwater hull, and where said centre of gravity constitutes the pivot point of the ship 1.

[0041] In a non-illustrated alternative embodiment, two hydrofoils are symmetrically arranged
in relation to the centre line of the ship's hull and at the centre of gravity of the ship's
underwater hull, said centre of gravity forming the ship's pivot point.

[0042] The hydrofoils 7 are advantageously arranged at an angle of about 45° downwards and
inwards towards the centre of the ship's hull relative to a vertical plane through the centre line
S of the ship's hull, and where the centre of gravity of the ship's 1 above-water hull lies on a
line at right angles to the centre line S of the ship's 1 hull, immediately above the pivot point of
the ship 1.

[0043] Furthermore, the total projected area of the hydrofoils 7 advantageously constitutes
about 5% of the projected area of the symmetrical aerofoil section in the longitudinal direction
of the ship's hull.

[0044] As can be seen in particular from Figs. 6 and 7, the ship's hull is advantageously of the
trimaran type.

[0045] The ship 1 according to the invention advantageously includes a non-illustrated
variable-speed electric propulsion system to supplement the ship's 1 wind-based propulsion
system.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
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Patentkrav

1. Skibsskrog, hvor en del af skibets skrog befinder sig over dets vandlinje,
hvor skroget over dets vandlinje er udformet i det veaesentlige som en sektion
af en vinge af NACA-vingetypen, som er symmetrisk med midterlinjen (S) af
skibets skrog, og hvor forkanten (3) af vingesektionen (2) vender i retning mod
skibets forende (1) med henblik pa med relativ vind at generere en aerodyna-
misk opdrift, som genererer fremdrift for skibet (1) inden for en vinkelsektor af
indfaldsvinklen (B) mellem den relative vind og skibets (1) kurs eller fremdrifts-
retning, hvor den aerodynamiske opdrift udlignes af en hydrodynamisk opdrift,
der genereres neden under vandlinjen, og vingesektionen (2) afgreenses af en
respektiv @vre (5) og nedre (6) side over vandlinjen, som rager ud med vinkler
ud fra vingesektionens (2) overflade hen over en del af vingesektionens peri-
feri, og i det mindste langs med forkanten (3) og en del af vingesektionens (2)
sider.

2. Skibsskrog ifelge krav 1, kendetegnet ved, at NACA-vingen er af typen
NACA 16-018, og hvor bagkanten (4) af vingesektionen (2) er skaret af ved 95
% af vingesektionens (2) kordeleengde.

3. Skibsskrog ifelge krav 1 eller 2, kendetegnet ved, at vinklerne er starre end
eller lig med 90°.

4. Skibsskrog ifelge krav 1 eller 2, kendetegnet ved, at den hydrodynamiske
opdrift generes af en flerhed af vinger (7) anbragt under vandlinjen.

5. Skibsskrog ifelge krav 4, kendetegnet ved fire vinger (7) anbragt symme-
trisk i forhold til skibsskrogets midterlinje (S) og i forhold til tyngdepunktet af
skibets (1) undervandsskrog, hvor tyngdepunktet udgar skibets drejningspunkt

(1).

6. Skibsskrog ifelge krav 4, kendetegnet ved to vinger (7) anbragt symmetrisk
i forhold til skibsskrogets midterlinje (S) og ved tyngdepunktet af skibets (1)
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undervandsskrog, hvor tyngdepunktet udgar skibets drejningspunkt (1).

7. Skibsskrog ifalge krav 5 eller 6, kendetegnet ved, at vingerne (7) er anbragt
i en vinkel pa ca. 45° nedad og indad mod midten af skibsskroget i forhold til
et vertikalt plan gennem skibsskrogets midterlinje (S).

8. Skibsskrog ifalge krav 5 eller 6, kendetegnet ved, at tyngdepunktet af ski-
bets (1) skrog over vandet ligger pa en linje vinkelret pa skibsskrogets midter-
linje (S), umiddelbart over skibets (1) drejningspunkt.

9. Skibsskrog ifelge et hvilket som helst af kravene 4 til 8, kendetegnet ved,
at det samlede udragende omrade af vingen (7) udger ca. 5 % af det samlede
udragende omrade af vingesektionen (2) i skibsskrogets langsgaende retning.

10. Skibsskrog ifelge krav 1 eller 2, kendetegnet ved, at det er af trimaran-
typen.

11. Skib (1) omfattende et skibsskrog ifalge et af kravene 1-10.

12. Skib ifelge krav 11, kendetegnet ved at omfatte et elektrisk fremdriftssy-
stem med variabel hastighed til at supplere skibets vindbaserede fremdriftssy-
stem.

13. Skib ifzlge krav 11 eller 12, kendetegnet ved, at skibets (1) leengde er
180,5 m, skibets (1) hgjde er 33 m, og skibets (1) bredde er 34,2 m.
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Fig. 5
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Fig. 7

Fig. 6
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