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57 ABSTRACT 

A combination hydrofoil and displacement hull ship 
having a T-shaped cross section defining a flat, sub 
stantially unobstructed deck for containerized cargo. 
Hydrofoils are disposed along the lower portion of the 
hull in normally submerged positions to raise the hull 
in the water and thereby reduce its wetted surface 
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SEM-DISPLACEMENT HYDROFOIL SHIP 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a displacement hull 

ship provided with hydrofoils to raise the hull in the 
water during cruising to reduce the wetted surface 
area, and to such a ship having a flat, substantially un 
obstructed deck for transporting containerized cargo. 
22. Prior Art 
Conventional cargo carrying ships were designed in 

a time when conservation of fuel produced greater 
economies than were available through conservation of 
time and labor costs. Such ships require lengthy periods 
of time for loading and unloading cargo, during which 
time they occupy a substantial expanse of valuable pier 
space. Todays volume of world shipping frequently re 
sults in shipping delays due simply to the fact that there 
is inadequate pier space available at a given time to 
load the cargo onto or off of a designated ship. 
When at sea, cargo ships typically operate at rela 

tively slow speeds in order to conserve fuel. By decreas 
ing speed a few knots fuel consumption can frequently 
be cut nearly in half. Accordingly, cargo ships are typi 
cally slow, lumbering craft. 
The conventional cargo ship has a large displacement 

hull provided with cargo holds and housing the ship's 
propulsion equipment. As cargo is loaded into the 
holds, the displacement of the ship increases, thereby 
increasing the submerged surface area along which 
drag forces are operative. 
The use of hydrofoils has been proposed in conjunc 

tion with ships of a variety of configurations. Most hy 
drofoil proposals have not related to displacement-hull 
type ships, but rather have concentrated on ship con 
structions where the hull is either elevated entirely out 
of the water or where the hull is pulled entirely under 
the water. The approach of elevating the hull above the 
water has the advantage of minimizing drag forces 
thereby permitting faster cruising speeds. The ap 
proach of submerging the hull has the advantage of 
minimizing wave pounding and pitch to provide a 
smooth ride even in choppy seas. 
A number of problems arise where the hull of the 

ship is supported above the water on hydrofoils. Such 
an arrangement subjects the bottom of the hull to wave 
pounding and accordingly limits the use of such ships 
to inland and near coastal waters where high waves and 
choppy seas are not encountered. These ships are sub 
ject to more pitch than is occasioned with deep sub 
mergence hull ships. Proposals have been made to use 
hydrofoil structures of specialized configuration on dis 
placement hull ships as an aid to steering. Steering con 
trol is facilitated by the ejection of fluids through open 
ings in the hydrofoil surfaces. 
Waterjet propulsion systems are known and have 

been used in conjunction with various types of hydro 
foil craft. Such systems typically consist of a water inlet 
duct, a pump, and abovesurface waterjet nozzles 
through which the pump discharges water to propel the 
ship. The pump is powered by a gas turbine engine. 

SUMMARY OF THE INVENTION 

The present invention overcomes the foregoing 
drawbacks of the prior art and provides a hydrofoil 
equipped displacement-hull ship of such design as sub 
stantially reduces the time required to load, transport 
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2 
and unload cargo, and also substantially reduces the 
length of pier structure required for docking. 

In accordance with one feature of the present inven 
tion, a hull of essentially T-shaped cross section is pro 
vided including a relatively narrow deep submergency 
keel or base section beneath a much wider cargo deck. 
The sides of the hull are each divided into upper, lower 
and intermediate portions. The upper portions are 
widely spaced, vertically extending freeboard portions 
which extend along the sides of a flat, substantially 
unobstructed cargo deck. The lower portions are verti 
cal keel portions that are preferably spaced apart by a 
distance which is less than one-third of the spacing be 
tween the upper freeboard portions, and are joined 
along the bottom by a substantially horizontally extend 
ing keel surface. The intermediate portions are inclined 
displacement and stabilizing portions which provide a 
transition between the keel and freeboard portions. 

Hydrofoils are disposed in fore and aft groups along 
the keel portions and serve to lift the hull of the ship in 
the water when the ship is underway. The displacement 
waterline is normally within the region of the juncture 
of the upper freeboard portions and the intermediate 
portions of the sides. When the ship is underway, the 
hydrofoils lift the hull such that the cruising waterline 
is within the region of the juncture of the keel portions 
and the intermediate portions of the sides. By this ar 
rangement, the wetted surface area of the hull is sub 
stantially reduced when the ship gets underway, and 
the drag forces are thereby minimized. 
The inclined intermediate side portions of the hull 

are so arranged that they essentially define the portion 
of the hull which is raised out of the water as the ship 
gets underway. Such an arrangement maximizes the 
amount of wetted hull surface which is removed from 
the water for each inch of rise of the hull. 
To state this advantage in another way, raising the 

hull out of the water by X inches will reduce the wetted 
hull surface by X times the secant of the angle by which 
the sides are inclined from the vertical. By confining 
the inclination of the sides to the region of the hull 
which rises out of the water, the angle of side inclina 
tion can maximized to thereby maximize the amount of 
wetted surface area that will be removed from the 
water with each inch of rise of the hull. 
A desirable angle of inclination of the intermediate 

side portions is within the range of 35-55. This range 
of angles provides the intermediate side portions with 
a sufficient angle of inclination to dissipate the impact 
of wave pounding, and yet provides a secant of within 
the approximate range of 1.2 to 1.7 which, as was pre 
viously explained, will effect a rapid reduction of the 
wetted hull surface as the ship gets underway. 
The hydrofoils are disposed in opposed pairs along 

opposite sides of the submerged keel section of the 
hull. The hydrofoils are elongated wing surfaces sup 
ported at the inner ends from the keel portions of the 
hull and having outer ends which do not protrude be 
yond the maximum width of the cargo deck, thereby 
enabling the ship to use conventional docking facilities. 
The hydrofoils are pivotally mounted about parallel 

longitudinal axes so that the front portion of each foil 
can be elevated relative to its rear portion to increase 
lift, or lowered relative to its rear portion to decrease 
lift. 

In the preferred embodiment, the hydrofoils are dis 
posed along the submerged section of the hull in groups 
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of three pairs. Two pairs of the opposed hydrofoils are 
rotatable together as trim controls. The remaining pair 
of opposed foils rotate in opposite directions to control 
roll. Control instruments of the type capable of sensing 
roll, pitch, azimuth, etc., are known and the foils are 
preferably coupled to such a control system for auto 
matic positioning. 
Another feature of the present invention lies in the 

positioning of the foils of each group so that continuous 
wing surfaces can be provided to lift the ship as the ship 
gets underway. The adjacent foils of each group are ar 
ranged in close proximity to each other with the for 
ward foils positioned higher than their adjacent rear 
ward foils. By this arrangement, the foils can be rotated 
to a position of alignment wherein the adjacent foils 
provide continuous high-lift wing surfaces on each side 
of the ship to increase lift and decrease the amount of 
time needed to reach cruising speed. 

It is estimated that the present invention will enable 
a cargo ship to operate at approximately 20 knots on 
the same amount of fuel used by conventional submer 
gence-hull ships in attaining between 12 and 15 knots 
of speed. Estimates are that 30 knots of speed are at 
tainable for a 20-knot fuel bill. Accordingly, the greater 
economies are found in high-speed operation than are 
available to conventional ships. 
The advantages of the T-shaped cross section accord 

ingly include: 
1. A deep-submergence hull is provided which does 
not rise out of the water and accordingly does not 
subject the bottom of the hull to wave pounding; 

2. A minimal wetted surface area is held in the water, 
thereby minimizing drag, 

3. A stable cargo-supporting platform is provided by 
the deep-submergence hull which is subject to min 
imal pitch in choppy seas; 

4. Since the submerged hull section is of relatively 
small cross section, it can easily be rigidly braced 
to withstand high impact loads; and, 

5. The slim cross section of the submerged hull sec 
tion permits the use of relatively long hydrofoils 
along opposite sides without causing these hydro 
foils to extend beyond the maximum width of the 
cargocarrying deck. 

Still another feature of the present invention is that 
the novel cross-sectional configuration of the hull can 
be increased or decreased in scale to provide larger or 
smaller boats. Many ship designs are only practical for 
a limited size range of ships, and if used with substan 
tially larger or smaller ships, result in structural and sta 
bility problems. Such is not the case with the present 
invention as the relatively simple T-shaped cross sec 
tion and hydrofoil arrangement can be scaled to a very 
wide range of ship sizes. 

In accordance with still another feature of the pres 
ent invention, an improved cargo handling arrange 
ment is provided which will speed up the loading and 
unloading of cargo. Whereas lengthy loading and un 
loading procedures are commonly involved in lowering 
and lifting cargo into and out of the holds of conven 
tional cargo ships, the present invention utilizes deck 
storage of containerized cargo. The cargo deck is sub 
stantially flat and unobstructed whereby wheeled 
container-carrying vehicles can be driven across the 
cargo deck and onto an adjacent pier structure to rap 
idly load and unload cargo. 
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4. 
in accordance with yet another feature of the present 

invention, a special docking system can be used which 
will serve to speed up the loading and unloading of 
cargo. A notched pier is provided to receive the bow of 
the ship. A floating platform is provided to engage the 
stem of the ship. The platform has legs which are exten 
sible into engagement with the harbor floor, whereby 
a highly stable docking system is provided to support 
the ship during the loading and unloading of cargo. By 
this arrangement, a simple, straight-in docking proce 
dure can be used. Cargo is loaded and unloaded by 
container-carrying vehicles which are wheeled directly 
onto and off of the deck over the bow. 
Accordingly, it is a general object of the present in 

vention to provide a novel and improved semi 
displacement hydrofoil ship. 
Another object is to provide such a ship which will 

facilitate the rapid loading, transport and unloading of 
cargo. 

Still another object is to provide a novel and im 
proved cargo handling and docking system for use in 
conjunction with displacement hull ships. 
Other objects and a fuller understanding of the inven 

tion may be had by referring to the following descrip 
tion and claims taken in conjunction with the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan view of a ship constructed in ac 
cordance with the present invention; 
FIG. 2 is a side elevational view of the ship; 
FIG. 3 is a bottom plan view of the ship; 
FIG. 4 is a bow elevational view of the ship; 
FIG. 5 is a schematic side elevational view on an en 

larged scale of a portion of the ship illustrating the pro 
pulsion system; 
FIG. 6 is a foreshortened top plan view of the ship 

and a specialized docking system used in conjunction 
therewith; 
FIG. 7 is a foreshortened side elevational view of the 

ship and docking system; 
FIG. 8 is an enlarged side elevational view of a por 

tion of the ship particularly illustrating the arrangement 
of hydrofoils; 
FIG. 9 is a cross-sectional view as seen from the plane 

indicated by the line 9-9 in FIG. 8; 
FIG. 10 is a cross-sectional view as seen from the 

plane indicated by the line 10-10 in FIG. 8; and, 
FIG. 11 is a cross-sectional view as seen from the 

plane indicated by the line 1 1-11 in FIG. 10. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring to FIGS. 1-4, a semi-displacement hydro 
foil ship constructed in accordance with the present in 
vention is shown at 10. The hull of the ship 10 has star 
board and port sides 11, 12 which converge at opposite 
ends to form a blunt but generally pointed bow 13 and 
a flat transom 14 at the stern. 
The hull of the ship 10 has a generally T-shaped cross 

section which minimizes wetted surface area while still 
providing a stable deep submergence vessel. The sides 
11, 12 are each divided into upper, lower and interme 
diate portions. The upper portions of the sides 11, 12 
are widely spaced, vertical freeboard portions 16, 17. 
The freeboard portions 16, 17 extend along the sides of 
a flat, substantially unobstructed cargo deck 15. Lower 
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portions of the sides 11, 12 are closely spaced, vertical 
keel portions 20, 21. The keel portions 20, 21 are 
joined at the bottom by a keel surface 22. The keel sur 
face 22 and the keel portions 20, 21 define a narrow 
base or keel section of the hull. The intermediate por 
tions of the sides 11, 12 are inclined displacement and 
stabilizing portions 18, 19 which provide a transition 
between the keel and freeboard portions 20, 21 and 16, 
7. The spacing between the keel portions 20, 21 is 

preferably less than one-third of the spacing between 
the freeboard portions 16, 17. 
Hydrofoils are disposed along the keel portions 20, 

2 in fore and aft groups 25, 26 of three pairs each. As 
will be explained in greater detail, the forward two 
pairs of hydrofoils of each group are rotatable together 
about parallel longitudinal axes to control trim. The hy 
drofoils of the rearward pair ordinarily rotate in oppo 
site directions about a common longitudinal axis to 
control roll. All three pairs of hydrofoils can be aligned 
during takeoff to provide a continuous, high-lift wing 
surface. 
As will be explained, when the ship 10 is docked or 

otherwise unmoving in the water and supported only by 
the displacement hull, the water line of the ship is ordi 
narily near the juncture of the freeboard and displace 
ment portions 16, 18 and 17, 19. When the ship 10 is 
underway and supported in part by the action of the hy 
drofoils, the water line is near the juncture of the rud 
and displacement portions 18, 20 and 19, 21. Accord 
ingly, only the rud section of the hull is normally sub 
mersed when the ship is underway. 
The ship 10 is propelled by a pair of waterjet propul 

sion systems of the type known in the art, one of which 
is shown schematically in FIG. 5. A gas turbine engine 
30 includes an air inlet duct 31 and an exhaust duct 32. 
The engine 30 drives a pump 33. The pump takes water 
in through an inlet duct 34 and exhausts it through an 
above surface waterjet nozzle 35. 
Close-quarter ship manuevering is facilitated by bow 

and stern thruster systems 40, 41. The thruster systems 
40, 41 include through conduits 42, 43 extending be 
tween the side portions 20, 21. Reversible pumps 44, 
45 positioned in the conduits 42, 43 serve to selectively 
intake water from one end of the conduits 42, 43 and 
discharge it through the other ends to provide a side 
thrust. Any number of such thruster systems can be dis 
posed along the hull as required to provide needed side 
thrust for close-quarter maneuvering. 
An elevated pilot house 50 housing the ships controls 

is provided toward the stern of the cargo deck 15. As 
is best seen in FIGS. 2 and 4, the pilot house 50 extends 
to a height which will provide a clear view over such 
cargo as may be stacked on the deck 15. Crews quar 
ters 51 are provided in the lower part of the pilot house 
Structure. 
Referring to FIGS. 8-11, the hydrofoil group 25 is 

shown in greater detail as comprising three pairs of hy 
drofoils 60, 61, 62, 63, and 64, 65. The forward pairs 
of hydrofoils 60, 61 and 62, 63 are rotatable about 
spaced parallel longitudinal axes to control the trim of 
the ship. The hydrofoils 60, 61 are supported on a shaft 
70 journaled interiorly of the hull by bearings 71, 72. 
The hydrofoils 62, 63 are supported by a shaft 73 jour 
naled interiorly of the hull by bearings 74, 75. 
A pair of hydraulic cylinders 76, 77 control the incli 

nation of the hydrofoils 60, 61 and 62, 63. The hydrau 
lic cylinders 76, 77 have their upper ends 78, 79 se 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
cured to a frame structure 80. Hydraulic rams 82, 83 
depend from the lower ends of the cylinder 76, 77 and 
pivotally connect with crank arms 84, 85. The crank 
arms 84, 85 are secured to the shafts 70, 73 for rotation 
therewith. By this arrangement, as the rams 82, 83 
move into and out of the cylinders 76, 77, the inclina 
tion of the hydrofoils 60, 61 and 62, 63 is accordingly 
varied. 
The rearward hydrofoils 64, 65 are rotatable inde 

pendently of each other about a common longitudinal 
axis. Referring to FIG. 9, the hydrofoil 64 is supported 
by a shaft 90 journaled interiorly of the hull by bearings 
91,92. The hydrofoil 65 is supported by a shaft 93 jour 
naled interiorly of the hull by a bearing 94 and by the 
bearing 92. A pair of hydraulic cylinders 95, 96 sup 
ported at their upper ends 97,98 by a frame structure 
100 have rams 101, 102 connected through crank arms 
103, 104 to the shafts 90,93. The cylinders 95, 96 are 
normally actuated to retract one of the rams 101, 102 
when the other of the rams is being extended. By this 
arrangement, the hydrofoils 64, 65 are pivoted in oppo 
site directions and serve to control the roll of the ship. 

In accordance with another feature of the hydrofoil 
arrangement, all of the hydrofoils 60, 61,62, 63, 64, 65 
can be aligned as shown in FIG. 2 to form continuous 
high-lift wing surfaces that will be effective to lift the 
ship rapidly to its hydrofoil waterline as the ship gets 
underway, whereafter the forward two pairs of foils 60, 
61, 62, 63 can be used as described to control the trim 
of the ship while the rearward foils 64, 65 can be oper 
ated as a roll control system. The roll control foils 64, 
65 are used to bank the ship during cruising maneuvers. 
Any number of groups of hydrofoils can be disposed 

along the hull of the ship 10 as required. It is preferably 
desirable to space the groups of hydrofoils so that the 
cavitation effect from one group of hydrofoils does not 
interfere with the operation of any of the other groups 
of hydrofoils. 

In accordance with another feature of the present in 
vention, the hydrofoils are all of a length which does 
not cause the hydrofoils to extend beyond maximum 
width of the cargo deck 15. By this arrangement, the 
ship 10 can be docked at conventional piers for over 
the-side loading and unloading of cargo. 
The T-shaped hull cross section is advantageous from 

the aspect of providing ships of a wide range of sizes in 
that this cross section can be scaled to larger or smaller 
ship sizes without occasioning difficulties in construc 
tion or operating stability. The narrow deep submer 
gence keel of the hull can be rigidly braced along its 
length to withstand high impact loads. Submerged hull 
portions intermediate the groups of hydrofoils can be 
used for fuel tanks and ballast tanks. The ballast tanks 
are opened to admit water as the fuel is consumed, 
thereby maintaining constant ship buoyancy through 
out any one particular cruise. 

In accordance with still another feature of the pres 
ent invention, a specialized docking system including a 
notched pier 100 and a floating platform 101 is pro 
vided with a cut-out 102 adapted to receive the stern 
of the ship 10 and with extensible legs 103 that are low 
ered into engagement with the harbor floor after the 
platform 101 is brought into position. By this arrange 
ment, the ship 10 is supported at both ends to limit its 
movement during cargo loading and unloading. 
Cargo is loaded onto the deck 15 in rectangular 

weathertight containers 110. The containers 110 are 
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stacked on the deck at right angle to the centerline of 
the ship by a container carrying vehicle 120. The con 
tainer carrying vehicle 120 comprises a mobile crane 
supported on wheels 121 and adapted to engage oppo 
site ends of container 110 to elevate and transport the 
container 110 into position on the deck 15. The dock 
100 is provided with a pair of ramps 104 along which 
the vehicle wheels 121 move as the vehicle 120 travels 
back and forth onto the deck 15 and the pier 100. 
Although the invention has been described in its pre 

ferred form with a certain degree of particularity, it is 
understood that the present disclosure of the preferred 
form has been made only by way of example and that 
numerous changes in the details of construction and 
the combination and arrangement of parts may be re 
sorted to without departing from the spirit and the 
scope of the invention as herenafter claimed. 
What is claimed is: 
1. A displacement hull ship comprising: 
a. a hull having a generally T-shaped cross section; 
b. said hull having side walls with upper and lower 
portions joined by intermediate portions; 

c. said upper portions extending substantially verti 
cally and being spaced apart along the majority of 
their length by a substantially constant first dis 
tance, 

d. said lower portions extending substantially verti 
cally and being spaced apart along the majority of 
their length by a substantially constant second dis 
tance which is about one third of said first distance, 
said lower portions extending substantially the full 
length of said hull and being operable to define a 
usable space in the lower portion of said hull 
whereby the displacement of said lower portions 
contributes a significant amount of buoyancy to the 
ship; 

e. said intermediate portions providing inclined tran 
sition surfaces connecting said upper and lower 
portions, 

f, said portions being of such configuration as will 
give the ship a displacement waterline near the 
juncture of said upper and intermediate portions; 

g. a plurality of hydrofoils disposed along said lower 
portions for raising the hull in the water when the 
ship is underway such that the cruising waterline 
during cruising is near the juncture of said lower 
and said intermediate portions; and, 

h, said hydrofoils being positioned below said cruis 
ing waterline. 

2. The ship of claim 1 wherein at least some of said 
hydrofoils are disposed in a group with the hydrofoils 
in said group being closely spaced and alignable to 
form a substantially contiguous high-lift wing surface to 
facilitate raising the displacement hull in the water as 
the ship gets underway. 
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8 
3. The ship of claim 1 wherein all of said hydrofoils 

are disposed in groups, and the hydrofoils of each 
group are closely spaced and alignable to form substan 
tially contiguous high-lift wing surfaces to facilitate 
raising the displacement hull in the water as the ship 
gets underway. 

4. The ship of claim 1 wherein at least some of said 
hydrofoils are movable to control the trim of the ship, 
while at least some others of said hydrofoils are mov 
able to control the roll of the ship. 

5. The ship of claim 1 wherein none of the hydrofoils 
extend beyond the maximum width of said upper por 
tions thereby permitting the ship to dock in side-by-side 
relationship with conventional docking facilities. 

6. The ship of claim 1 wherein: 
a said hydrofoils are arranged in opposed pairs with 

the hydrofoils of each pair being disposed on oppo 
site sides of the hull and arranged symetrically with 
respect to the centerline of the ship; and 

b. adjacent hydrofoils on each side of the ship being 
arranged one behind another at progressively lower 
positions such that, considering any two adjacent 
hydrofoils, the forward hydrofoil is disposed higher 
than the adjacent rearward hydrofoil. 

7. The ship of claim 6 wherein the hydrofoils on each 
side of the ship are arranged in at least one group and 
adjacent hydrofoils in each group being positioned in 
closely spaced relationship and being alignable one 
with another to form a substantially contiguous high-lift 
wing surface that will facilitate raising the ship to a 
cruising attitude as the ship gets underway. 

8. The ship of claim 6 wherein: 
a. said hydrofoils are rotatably mounted about paral 

lel axes, 
b. the hydrofoils of at least one of said opposed pairs 
are rotatable together to control trim; 

c. the hydrofoils of at least one other pair are rotat 
able in opposite directions to control roll; and, 

d. hydrofoil rotation means are provided to rotate se 
lected ones of said hydrofoils about their axes. 

9. The ship of claim 1 additionally including a sub 
stantially flat cargo deck extending between said upper 
portions. 

10. The ship of claim 9 additionally including a pilot 
house extending upwardly from the cargo deck near 
the stern end of the ship said pilot house extending to 
such a height as will provide a clear view forwardly of 
the watch station over such space as may be occupied 
by cargo on said cargo deck. 

11. The cargo ship of claim 10 wherein the bow of 
the ship is blunt pointed to be receivable in a V-shaped 
notch formed in a pier during a straight-in docking ma 
neuver, whereby containerized cargo can be loaded 
onto and unloaded from the ship over the bow. 
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