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This invention relates to a propulsion system for a 
hydrofoil vessel and more particularly to a new and im 
proved hydrodynamic jet propulsion system for a ves 
sel having a hull, a plurality of hydrofoils depending fore 
and aft of the hull, a hydrodynamic induction system in 
selective hydrofoils and a drive means for propelling the 
hull, when foilborne, on a body of water. 

This invention provides a new and improved hydro 
dynamic jet propulsion system in ‘which a plurality of 
engines and a corresponding plurality of pumps are dis 
posed in the vessel’s hull in substantially parallel rela 
tionship to each other and in predetermined angular 
relationship relative to the longitudinal water line of the 
hull. Water from the body of water flows through a 
hydrodynamic induction system, which forms an integral 
part of the lower portion of selective ones of the hydro 
foils, into a manifold which distributes the water to the 
pumps as required. The out?ow from the pumps is 
ducted to individual nozzles extending rearwardly from 
the pump and angularly relative to the longitudinal wa 
ter line of the hull vand which are located adjacent to the 
bottom of the hull. The thrust required for lifting the 
hull on the hydrofoils and for propulsion of the hull 
while foilborne can be attained with various combinations 
of flow rate and ?ow velocities, the latter determining the 
required pump pressure rise. While it is desirable that 
the ducting have as large a flow as possible, the internal 
?ow losses must be balanced against the external hydro 
dynamic drag. The over-all e?iciency is also a function of 
the ratio of jet velocity to ship velocity. A means of 
regulating the exit area of the nozzle and flow velocity is 
therefore provided by this invention. 
An equal plurality of turbo-shaft engines are provided 

in the hull, each having a rearwardly extending driven 
shaft connected to a respective pump for driving the 
pump. 
A unique arrangement is provided for delivering a 

head of air to the engines and a unique exhaust system 
is provided which exhausts air above the hull. An air 
plenum is provided substantially upstream of the com 
pressor face of the engines into which the air intake is 
directed, the air intake being directed towards the bow 
of the vessel. Air intake ducts for the engines have open 
ings communicating with the air plenum, the openings 
being downwardly directed and in a common, substan 
tially horizontal plane so that any water or impurities 
suspended in the air is deposited into the plenum before 
entering the intake ducts communicating with the engines. 

Another feature of this invention is the provision for 
means for preventing cavitation of the water distributed 
by the pump into the exit nozzles so asto provide a 
greater efficiency and thrust by the pumps. 

It is ‘an obvious advantage to have the pump operate 
close to its optium e?iciency throughout the entire vessel 
or ship speed regime. This requires that the water ?ow 
be kept at :a ?xed relationship to the pump rpm. The 
total pressure at the Water jet nozzle exit, however, is 
found to vary with both the ?ow quantity and the for 
ward speed of the ship. Therefore, a variable nozzle 
area is required to satisfy the ?ow conditions. 

It is therefore an object of this invention to provide 
a new and improved propulsion system for a hydrofoil 
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vessel for lifting the hull of. the vessel to be foilborne and . 
for propulsion of the craft while the hull is foilborne. 

Another object of this invention is to provide a new 
and improved hydrodynamic propulsion system for a 
hydrofoil vessel which provides improved jet nozzle means 
exiting water from pumps of the vessel for acquiring im 
proved lift and propulsion of the vessel. 
A further object of this invention is to provide a new 

and improved hydrodynamic propulsion system for a hy 
drofoil vessel which has improved its intake and exhaust 
ducting for acquiring the greatest efficiency and most 
practical arrangement of the drive means operating the 
pump means. 

Yet another object of this invention is to provide a 
new and improved hydrodynamic propulsion system for 
a hydrofoil vessel or ship which eliminates or substan 
tially decreases cavitation that could occur in the pump 
during pumping water through the ?ow system. i 
A further object of this invention is to provide a new 

and improved intake ducting system for the drive means 
of this invention for preventing the taking in of moisture 
or other foreign matter normally suspended in the air re 
ceived in the air intake._ 
Another object of this invention is to provide a new and 

improved hydrodynamic propulsion system ‘for a hydro~ 
foil vessel in which the exit area of the nozzle means 
thereof is variable and the angle of thrust thereof is ad 
jus-table. 
A general object of this invention is to provide a new 

and improved hydrodynamic propulsion system for a 
hydrofoil vessel which overcomes dis-advantages of prior 
means and methods heretofore intended to accomplish 
generally similar purposes. 

These and other objects of this invention will be more 
apparent from the following detailed description, drawings 
and appended claims. 

In the drawings: 
FIGURE 1 is a plan view of the hydrodynamic pro~ 

pulsion system as incorporated in a hydrofoil vessel; 
FIGURE 2 is a vertical, cross-sectional view as taken 

substantially along the longitudinal center-line thereof; 
FIGURE 3 is a vertical, cross-sectional view as taken 

substantially along the line 3—3 of FIGURE 2; 
FIGURE 4 is a vertical, cross-sectional view as taken 

substantially along the line 4-4 of FIGURE 2; 
FIGURE 5 is an enlarged, vertical, cross-sectional 

view as taken substantially along the centerline of the 
pump means of this invention and as indicated by the 
line 5——5 of FIGURE 1; 
FIGURE ‘6 is an end View thereof as taken substan 

tially along the line 6-6 of FIGURE 5; 
FIGURE 7 is ‘a graph showing the required nozzle exit 

area for pump operation at constant e?iciency; and 
FIGURE 8 is a graph showing the takeoff net thrust 

available of a variable exit area vs. ?xed exit area. 
Referring in detail to drawings, there is shown by way 

of illustration, but not of limitation, a new and im 
proved propulsion system designed and constructed in 
accordance with this invention and generally designated 
by the numeral 10. The propulsion system 10 is herein 
illustrated as adapted for use in the hull 11 of a vessel 
12 having a plurality of hydrofoils fore and aft of the 
hull, a fore hydrofoil being indicated by the numeral 
13 and the aft hydrofoils being indicated by the numeral 
14. . . 

The vessel 12 is herein illustrated as being provided 
witha conventional propulsion means generally desig 
nated by the numeral 15 which is located adjacent to the 
stern 16 of the vessel and includes an outboard propeller 
17 driven by an inboard mounted engine 18 for propulsion 
of the vessel 12 when it is hullborne on a body of water, 
the water line being indicated by the numeral 19. 
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A propulsion system 10 is useful for assisting the 
propeller 17 to propel the craft 12 when it is hullborne. 
However, the principal feature of the propulsion system 
it} is its use for lifting the hull from the surface of the 
water so as to be foil‘oorne and for propulsion of the 
hull while it is foilborne. For this purpose, the propul 
sion system 10 includes a plurality of nozzles 21, three 
herein shown, which are angularly disposed relative to 
the longitudinal water line 19 of the hull 11 for exhausting 
water from a pump means 22 which receives water from 
the body of water 19 through a hydrodynamic induction 
system 23 incorporated in selective ones of the hydrofoils, 
such as the aft hydrofoils 14. 
The pump means 22 includes a plurality of pumps, 

three herein shown, arranged in substantially parallel 
relationship to each other and to the longitudinal center 
line of the hull, the pumps being driven by drive means 25 
which includes an equal plurality of engines 27, each 
having a driven shaft 24 extending rearwardly and an~ 
gularly for driving an impeller 26 of its respective pump. 
The engines 27 are enclosed in individual housings 28, 
each including an air inlet 29 and an air outlet 31, the 
engines being preferably of a turboshaft type. 
Each inlet 29 is provided with a discrete intake duct 

32 which extends forwardly and upwardly and includes 
an opening 33. The openings 33 are directed downward 
ly in a plane substantially parallel to the plane of the 
longitudinal water line 19 of the vessel. The intake 
openings 33 communicate with the interior of an air 
plenum 34- which receives a head of air from an air inlet 
opening 36 which is directed substantially forwardly, 
towards the bow 37 of the vessel 12. 
The outlets 31 of the engine housings 28 are provided 

with rearwardly, upwardly and angularly directed ducts 
37 which terminate at a region above the deck 39 of the 
hull 11 so as to communicate with ambient air above the 
hull. Each exhaust outlet 38 is preferably provided with 
an exhaust de?ector 41 which de?ects air from the ducts 
37 rearwardly towards the stern 16 of the vessel 12. 
The exhaust de?ectors 41 preferably comprise hooded 

elements 42 which are hinged as at 43 so as to be pivotable 
into a retracted position as indicated by the broken lines 
42’ in FIGURE 2 when the propulsion system 10 is not 
being used. In such event, a closure means, in the form 
of a hinged door 44, is provided which may be employed 
to close the opening when the de?ectors are in their 
retracted position 42'. In the extended position shown 
in the solid lines 42, in FIGURE 2, the exhaust door 44 
is shown as being open, to allow free exhaust of air from 
the de?ector. 
The ducts 37 are most conveniently secured in suitable 

manner, as by clamps or the like (not shown), to the 
hull 11 and include inlet openings 46 slightly greater than 
the outlets 31 of the engines 28 so as to form an annular 
opening 47 around the outlets 31. The annular openings 
47 serve to draw ambient air, as indicated by the arrowed 
line 48, into the ducts 37 so as to provide cooling means 
therefor. 
The pump means 22, as previously mentioned, includes 

a plurality of pumps 50, three herein being shown, in 
FIGURE 1, one being shown in detail in FIGURE 5. 
Each pump 5%) includes a housing 51 having a hollow 
interior 52 in which an impeller 26 connected to its re 
spective driven shaft 24 is rotatable. The interior 52 of 
each housing 51 is connected to a transverse manifold 53 
having inlet passages 54 communicating with the aft hy 
drofoils 14 which have water inlet passages 56 forming 
a part of the hydrodynamic induction system of the hy 
drofoils. 
Each interior 52 of the pumps 59' communicates with 

the manifold 53 to receive a ?ow of water therein from 
the hydrodynamic induction system 23. The impeller 
26 expels water from the manifold 53 through a diffuser 
section 56 of the interior 52 and outwardly thereof into 
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a duct 57 communicating with one of the nozzles 21. 
For greatest e?iciency, the opening of the nozzle 21, as 
best seen in FIGURE 6 which is an end view thereof, is 
substantially rectangular in con?guration when fully open 
as seen by the dotted lines of FIGURE 6. The substan 
tially rectangular’ opening 21 communicates with a cylin 
drical portion 58 of the duct 57 which is connected to the 
exhaust of the pump as at 59 and 61 by suitable flanges. 
The hydrodynamic induction system, including the 

water inlet 54, under certain conditions such as low speed 
takeoff, tends to introduce air in dissolved form, with 
the water, into the manifold 53 thereby causing cavita 
tion on the impeller blades of the pump when acted on 
by the'impeller 26. To overcome the cavitation condi 
tion, a plurality of passages 62 are annularly disposed 
relative to the longitudinal centerline 63 of the pump, 
each including an inlet 64 and an outlet 66 communicating 
between the outlet of each pump 50 and the interior 52 ad 

~ jacent to the manifold 53. In this manner, a substantial 
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proportion of the water at the outlet 63 of the pump is 
recirculated to the pump inlet thereby increasing the 
water pressure at the pump inlet due to the ejector action. 
In order to adjust the ?ow of high pressure water through 
the passages 62, valves, as indicated at 67, are preferably 
provided in the passages 62 for varying the ?ow there 
through. 
The exit area of the nozzles 21 is preferably variable 

so as to vary the flow velocity and balance the internal 
?ow losses against the external hydrodynamic drag, in 
asmuch as the over-all ef?ciency is also a function of the 
ratio of jet velocity to ship velocity. For this purpose, 
the exhaust nozzle 21 is preferably provided with a valve 
element 71. 
The valve element 71 is illustrated herein in the form 

of a ?ap 72 pivotally secured as at 73 to the duct 57 
and is pivotable to ‘vary the exhaust nozzle area at 21. 
For this purpose, a means, herein illustrated as a cylinder 
74, is provided having a piston rod 76 connected to a 
lever 77 which in turn is connected to a pivot point 73 
for controlling the position of the flap 72 relativev to the 
opening 21. The cylinder 74 may be operated by any 
conventional pneumatic or hydraulic system (not shown}; 
In response to actuation of the cylinder 74, the’ ?ap 72 
may be pivoted to either ‘a fully open position illustrated 
in FIGURE 5, or in a position to decrease the area as 
indicated by the ‘broken lines 72' in FIGURE 6. 
The variable nozzle means 71 further provides means 

for adjusting the angular thrust of the exhaust fluid from 
the nozzle 21. By varying the angular relationship of the 
?aps 72, the angular thrust of the water exhausted from 
the nozzle 21 is varied. It will be readily understood 
that when the ?ap 72 is in its uppermost position, the 
angle of thrust of the exhaust ?-uid out of the nozzle 22 
will be directed at a relatively smaller angle relative to 
the longitudinal water line of the hull whereas, when it 
is fully open, the thrust is substantially parallel to the 
centerline of the duct 57 and pump 56. The angular re 
latiionship of the outlet nozzle to the longitudinal water 
line of the hull usually rangesbetween 5° and 20°, the 
preferred angle being approximately 91/2°. 
The hydrofoils 14 are preferably detachably and pivot 

ally secured for inspection purposes and for lifting out of 
the Water if desired. For this purpose, each strut of the 
hydrofoils 14 is secured to the manifold 53 as by comple 
mentary flanges 81 secured in suitable manner as by bolts 
82, or the like. A pair of braces 83 have their upper ends 
84- pivotally secured to the hull 11 and their lower ends 
pivotally ‘secured at 86 to a strut of the hydrofoils 14. 
When the ?anges 31 are detached, the hydrofoils 14 are 
pivotable to an uppermost position, above the waterline, 
for inspection. The forward hydrofoil 13 may be con 
structed in similar manner for inspection thereof, if 
desired. ' 

The nozzle area variation required to satisfy the condi 
tions noted above for takeoff and maximum continuous 
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power operation is shown idFIGURE 7. The small 
variation in area required to maintain constant ef?ciency 
at the takeoff power condition leads to the conclusion that 
the control system may be simpli?ed to the extent of using 
?xed nozzle area for takeoff operation. The system per 
formance at takeoff power with a ?xed exit area sized for 
the minimum speed condition of FIGURE 7 is compared 
with the performance associated with the variable exit area 
in FIGURE 8. The results indicate that more thrust is 
provided by the system having the ?xed nozzle area. ‘ It 
has been found that as the ?ow rate increases from its 
minimum value, the pump ef?ciency increases. As a re 
sult, the decrease in pressure rise across the pump is pro 
portionally less than the increase in ?ow rate and there is 
an attendant increase in net thrust. In the case of cruise 
operation, however, the vessel is already operating at the 
point of optimum ef?ciency ‘by de?nition. The use of a 
?xed nozzle area would result in some small loss in per 
formance. 

Operation of the foilborne propulsion system is there-v 
fore as follows. The nozzle control levers are moved 
from complete shutoff to the takeoff position. The turbo 
shaft engines are started and set at idle thrust. The power 
lever of the central engine is gradually advanced to the 
takeoff position. The rate of advance is limited by the 
pump inlet static pressure, which is indicated at the in 
strument console with an appropriate “red line” value. 
As the ship accelerates, the second and third engine power 
levers are advanced subject to the ‘same minimum pump 
inlet static pressure limitation. When the desired cruise 
velocity is reached, the engine power is reduced to the 
required cruise level and the nozzle area increased to the 
appropriate cruise setting‘. Adjustments in this setting are 
made as necessary to obtain optimum range or minimum 
fuel ?ow. 

While there is herein shown and described what is con 
ceived to be the most practical and preferred embodiment 
of this invention, it is recognized that departures may be 
made therefrom ‘within the scope of this invention which 
is not limited to the details disclosed herein but is to be 
accorded the fuil scope of the claims so as to embrace 
any and all equivalent devices. 
What is claimed as new and desired to secure by Let 

ters Patent is: 
1. A propulsion system for a hydro-foil vessel having 

a hull, a plurality of hydrofoils fore and aft of the hull, 
a hydro-dynamic induction system in selective ones of the 
hydrofoils, and a drive means for propulsion of the hull 
when hullborne in a body of water, the combination with: 
turboshaft drive means in said hull and having an air 
intake duct means having an inlet opening directed for 
wardly towards the bow of the hull, an exhaust outlet 
directed aftwardly relative to the hull, and a driven shaft 
extending aftwardly and downwardly in predetermined 
angular relationship to the longitudinal waterline of said 
hull; pump means in said hull, said pump means having a 
hollow housing, an impeller in said housing and connected 
to said driven shaft for rotation of said impeller there 
with, an inlet communicating with the hydrodynamic in 
duction system ‘of the selective 'hydrofoils for receiving 
water from the body of water, and means de?ning an 
outlet nozzle extending rearwardly, ‘downwardly, and an 
gularly relative to said waterline of said hull for exhaust 
ing water through said hull from said pump means at a 
predetermined angle for assisting in lifting of said hull 
'when hullborne to be foilborne and for propulsion of said 
hull when foilborne. 

2. A propulsion system as de?ned in claim 1, wherein 
the area of said outlet nozzle from said pump means is 
variable; and including means selectively operable for 
varying said outlet nozzle. 

3. A ‘propulsion system as de?ned in claim 2, wherein 
said outlet nozzle is adjustable for angularly adjusting the 
discharge of the ?ow thereof and for regulating ?ow quan 
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6 
tity through said pump means, said outlet nozzle being 
adjustable in response to varying of said area thereof for 
adjusting the angular relationship of said outlet nozzle 
to said longitudinal waterline. 

4. A propulsion system as de?ned in claim 1, wherein 
said turboshaft drive meansincludes a plurality of turbo 
shaft engines in spaced, parallel relationship to each other 
and to the longitudinal centerline of said hull, and said 
air intake duct means includes a plurality of discrete in~ 
takerducts communicating between said inlet opening and 
each of said engines. 

5. A propulsion system as de?ned in claim 4, including 
means de?ning an enlarged air plenum intermediate of 
said intake opening and said discrete intake ducts and 
communicating therewith, each of said discrete intake 
ducts includes a substantially horizontal, downwardly di 
rected duct opening; and including means de?ning a pas 
sageway communicating between said intake opening and 
said air plenum whereby moisture and other foreign par 
ticles in the air received in said intake opening is de 
posited in said plenum while the air itself is communicated 
to said duct openings of said discrete intake ducts. 

6. A propulsion system as de?ned in claim 3, wherein 
the angular relationship of said outlet nozzle means of 
said pump means is approximately 91/2" to the longi 
tudinal water line of said hull. . g 

7. A propulsion system as de?ned in claim 3, wherein 
the angular relationship of said outlet nozzle means of 
said pump means is adjustable in a range of from 5° to 
20° relative to the longitudinal waterline of said hull. 

8. A propulsion system as de?ned in claim 4, wherein 
said pump'means includes a plurality of discrete pumps 
equal in number to said \turboshaft engines, each having 
an impeller in its housing connected to a respective driven 
shaft of said discrete turboshaft engines for rotation there 
with; and including means de?ning a transverse manifold 
in said hull and communicating with haid hydrodynamic 
induction system of said hydrofoils'; duct means communi 
cating between said manifold and each of said housings 
of said pumps; and wherein each of said pump housings 
has an exhaust outlet directed aftwardly and downwardly 
relative to said hull and in angular relationship to said 
longitudinal waterline of said hull. 

9. A propulsion system as de?ned in claim 8, wherein 
each of said hydrofoils having an hydrodynamic induction 
system is detachably connected to said manifold and 
including brace means pivotally secured at opposite ends 
to said hull and one of said hydrofoils having an hydrody 
dynamic induction system, respectively, ‘for selectively 
pivoting said respective hydrofoils above the waterline 
when detached from said manifold. 

10. A propulsion system as vde?ned in claim 9, includ 
ing‘means de?ning a passageway communicating between 
said outlet and said inlet of said pump means for recir 
culating a predetermined volume of discharge from said 
pump through said pump so as to prevent cavitation in 
said inlet. . 

11. A propulsion system as de?ned in claim 10, where 
in said passageway includes a plurality of discrete passage 
ways annularly ‘arranged around the centerline of said 
pump means. 

12. A propulsion system as de?ned in claim 10, includ 
ing valve means in said passageway for varying the flow 
in said passageway. 

13. In a propulsion system for a hydrofoil vessel hav~ 
ing a hull, a plurality of hydrofoils fore and aft of the 
hull for supporting the hull in spaced relationship to a 
body of water when foilborne and a hydrodynamic induc 
tion system in at least one of said hydrofoils, the combina 
tion with: turboshaft drive means in said hull and having 
housing means arranged substantially parallel to the lon~ 
gitudinal centerline of said hull, said housing means hav 
ing a driven shaft extending outwardly and rearwardly 
therefrom, an air inlet directed towards the bow of the 
hull and an air outlet directed towards the sternaof the 
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hull; an air plenum insaid hull mounted forwardly of 
said drive means and having an open top; ?rst duct 
means communicating between said open top of said air 
plenum and said inlet of said drive means and having an 
intake opening in a plane substantially parallel to the lon 
gitudinal Waterline of said hull; said air inlet communi 
cating with said air plenum; exhaust duct means con 
nected to said outlet of said drive means and extending 
rearwardly and upwardly ‘from said drive means outlet 
and communicating with ambient air above the deck of 
said hull; pump means in said hull operatively connected‘ 
with said induction system and having impeller means 
connected to said driven shaft for rotation therewith; and 
an exhaust outlet nozzle extending rearwardly and angu 
larly downwardly from the pump means relative to the 
longitudinal waterline of said hull for lifting said hull 
into a foilborne position and for propelling said hull for 
Wardly while foilborne. 

14. A propulsion system as de?ned in claim 13, wherein 
the exit area of said outlet nozzle of said pump means 
is variable; and including means selectively operable for 
varying said outlet nozzle. 

15. A propulsion system as de?ned in claim 14, wherein 
said outlet nozzle is adjustable for angular adjusting the 
discharge of the out?ow, said outlet nozzle being adjust 
able in response to varying of said area thereof for 
adjusting the angular relationship of said outlet nozzle 
to said longitudinal waterline. 

16. A propulsion system as de?ned in claim 13, includ 
ing exhaust de?ector means for deflecting the exhaust 
air of said exhaust duct in an aft direction, relative to 
said hull, and substantially parallel to the longitudinal 
waterline of said hull. 

17. A propulsion system as de?ned in claim 16, wherein 
said exhaust de?ector means is pivotally mounted relative 
to said exhaust duct and retractable therein. 

18. A propulsion system as de?ned in claim 17, in 
cluding closure means on said exhaust duct for selectively 
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closing the outlet thereof when said exhaust de?ector 
is in a retracted position. 

v19. A propulsion system as de?ned in claim 13, wherein 
said drive means includes a plurality of turboshaft engines 
in spaced, parallel relationship to each other and to the 
longitudinal centerline of said hull and said air intake duct 
means includes a plurality of discrete intake ducts com 
municating between said plenum and each of said engines. 

20. A propulsion system as de?ned in claim 13, wherein 
said turboshaft drive means includes a plurality of turbo 
shaft engines and wherein said pump means includes a 
plurality of pumps equal in number to said turboshaft 
engines, each said pump having an impeller in its hous 
ing, each impeller being connected to a respective driven 
shaft of said turboshaft engines for rotation therewith. 

21. A propulsion system as de?ned in claim 20', in 
cluding means de?ning a transverse manifold in said hull 
and communicating with said hydrodynamic induction 
system; a plurality of ducts communicating between said 
manifold and each of said housings of said pumps and 
wherein each of said pump housings has an exhaust outlet 
directed afterwardly and downwardly relative to said 
hull in predetermined angular relationship to said longi 
tudinal waterline of said hull. 
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