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MARINE PROPULSION SYSTEM 

BACKGROUND OF THE INVENTION 

The theoretical advantages of so-called surface type 
propellers for high speed power boats have long been 
recognized, and many attempts have been made to uti 
lize such propellers. The term “surface propeller” 
arises because the propeller, instead of operating fully 
submerged as does a conventional propeller, is so posi 
tioned that its center, or hub, is approximately at the 
level of the water in which it is operating. That is, the 
propeller has a portion of its effective disc area in the 
water and the remainder of its area in the air. Thus the 
blades succesively dip into the water as the boat ad 
vances, and the propeller develops its thrust only on the 
faces (pressure sides) of the blades. 
These surface propellers, more recently termed semi 

submerged supercavitating propellers because their ac 
tion creates voids in the water on what would normally 
be termed the suction or back sides of the blades, are 
capable of driving a given hull at speeds substantially 
higher than can be obtained from either a fully sub 
merged conventional (non-cavitating) or a fully sub 
merged supercavitating propeller operating at the same 
shaft horsepowers. This increase in performance with 
the surface propeller results from the fact that there is 
no appendage drag associated with converting the rota 
tive power of the prime mover into propulsive thrust to 
propel the hull. Also, there are no adverse effects due 
to cavitation on a surface propeller. Cavitation will de~ 
crease the efficiency (or lift/drag ratio) of a fully sub 
merged conventional propeller. The design perform 
ance of the fully submerged supercavitating propeller 
will be altered due to the fact that the design condition, 
corresponding to a cavitation number equal to zero, 
can never be attained short of an in?nite speed. 
The problem, and one which has been a major obsta 

cle to the adoption of surface propellers, is their inabil 
ity to develop adequate thrust at low speeds, when the 
boat is required to make the transition from the dis 
placement mode of operation to the planing state. This 
lack of thrust at low speeds is not the result of any lack 
of engine power, but rather the inability of the propel 
ler to utilize the available power. At low speeds, techni 
cally known as low advance ratios, a phenomenon 
called cavity blockage occurs. When the advance of the 
boat is zero or very small, in relation to propeller rota 
tion, the cavity left by one blade is in the path of the 
next blade, so that the following blade encounters this 
cavity rather than undisturbed water. As the forward 
speed of the boat increases, this cavity blockage takes 
another form in which the cavity formed by the leading 
blade does not actually impinge on the following blade; 
at this point the blades and their large attendant cavi 
ties cause an actual choking of the flow through the 
propeller disc. Either of these cavity blockage forms is 
usually suf?cient to prevent the surface propeller from 
generating the required thrust to get the craft through 
the transition region, often termed the resistance 
hump, into planning condition. 
Various means have been proposed and employed, 

such as using excessively large propellers, or using a 
supplementary propulsion system, to enable the boat to 
be driven through the resistance hump. Still another 
approach has involved mounting the surface-type pro 
peller aft of the transom so that at speeds below planing 
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2 
the propeller may have some additional disc area im 
mersed in the stern wave that builds up behind the tran 
som at low speed. This last-mentioned expedient cre 
ates major problems in providing adequate propeller 
shaft strength to withstand the stresses resulting from 
the inability to provide bearing support close to the 
propeller, and also places the propeller and propeller 
shaft in a position where they are easily subject to acci 
dental damage. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, it becomes 
possible for the ?rst time to have a propulsion system 
which permits semi-submerged operation of a super 
cavitating propeller under optimum conditions for high 
hull speeds, yet enables the same propeller to operate 
effectively at low hull speeds so that it can readily de 
velop the thrust necessary to get the craft through the 
resistance hump and up onto plane. 
This is accomplished, in accordance with my inven 

tion, by providing a tunnel in the underbody of the boat 
and mounting the propeller in the tunnel so that the 
upper part of the propeller, above the hub, is within the 
tunnel, while the portion of the propeller below the hub 
is exposed below the hull. At low hull speeds, before 
planing, water flows into the tunnel ahead of and to the 
propeller and the propeller operates fully immersed, 
with its thrust enhanced by the shrouding effect of the 
tunnel partially surrounding the propeller. 
At higher speeds, aided by special flow control means 

ahead of the propeller, the flow of water is caused to 
bypass the tunnel so that the propeller operation‘under 
goes a transition to the semi-submerged mode, with its 
high propulsive efficiency. Under these conditions, 
with the flow of water streaming aft under the hull and 
below the tunnel, and with the tunnel vented to atmo 
sphere through its opening at the transom, the tunnel 
and its flow control means cause no appreciable drag. 

DESCRIPTION OF THE DRAWINGS 

In the drawings illustrating a preferred con?guration 
of the tunnel of my invention and disposition and ar 
rangement of the propulsive and flow control elements 
therein, as well as showing the utilization of the propul 
sion system in typical single and twin-screw embodi 
merits, 
FIG. I is a top plan view, partly in section and taken 

on the line 1-1 of FIG. 2, showing the structural con 
?guration and arrangement of the propulsion system. 
FIG. 2 is a sectional elevation of the structure shown 

in FIG. 1, taken on the line 2-2 of said Figure. 
FIG. 3 is a sectional detail of the tunnel and adjacent 

portion of the hull, taken on the line 3-3 of FIG. 2 
looking forward. 
FIG. 4 is a view in elevation of the aft end of the 

structure, looking forward as indicated at 4-4 in FIG. 
2 and showing a portion of the stern transom of the 
hull. 
FIG. 5 is a view, on a smaller scale than FIG. 4, show 

ing the stern of a typical V-bottom vessel suitable for 
high-speed operation, illustrating the disposition of the 
propulsion system in a single-screw installation on the 
center line of the craft. 
FIG. 6 is a sectional detail of one of the ?ow control 

elements located ahead of the propeller and shown in 
section in FIG. 2. 
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FIG. 7 is a sectional detail through a portion of one 
of the rudders, taken on the line 7-7 of FIG. 2. 
FIG. 8 is a view of the stern of a typical V-bottom 

high speed hull, illustrating the embodiment of the pro 
pulsion system in a twin-screw installation. 
FIG. 9 is a sectional detail of the left hand tunnel and 

structure of FIG. 8, taken at a location corresponding 
to the line 3-3 of FIG. 2, showing the relationship of 
the ?ow-control elements to the underbody of the hull. 
FIG. 10 is a view of the aft end of the left hand pro 

_ pulsion unit shown in FIG. 8, showing the disposition 
of the rudder in relation to the deadrise angle of the 
hull. 
FIGS. 1 1, .12 and 13 are diagrammatic views illustrat 

ing the ?ow patterns and resulting different modes of 
operation of the propulsion system at various speeds. In 
particular, FIG. 11 represents the ?ow pattern at low 
hull speeds, with the propeller operating fully sub 
merged. 
FIG. 12 is representative of transition operation, with 

formation of cavities commencing as a result of in 
creasing hull speed. 
FIG. 13 shows typical high speed operation, with only 

the blade region of the propeller below the hub effec 
tively engaging the-water and operating in the semi 
submerged super-cavitating mode of propulsion. 

FIG. 14 is a side view of the aft portion of a high 
speed power boat, showing a typical mode of single 
screw installation of the propulsion system and power 
driving means therefor. 
FIG. 15 is a bottom view of the hull with propulsion 

system on the centerline. - 
FIG. 16 is a side view of the aft portion of a hull hav 

ing a twin screw installation, also with V~drive power 
plant. I , 

FIG. 17 is a bottom view of the hull and tunnels of 
FIG. 16, illustrating the disposition of the axes of the 
propeller shafts at slightly oblique angles to the center 
line of th hull. 
FIG. 18 is a graph showing curves representing rela 

tive values of propeller thrust provided by the propul 
sion system of the invention, compared with that of a 
conventional surface propeller, in relation to hull resis 
tance for a typical hull, over a wide range of hull 
speeds. 

DESCRIPTION OF THE INVENTION 

The propulsion system of the invention is adapted to 
be incorporated in high speed planing hulls having rela 
tively ?at sections or moderate deadrise aft, as well as 
in hulls having the so-called deep-V con?guration 
maintained to the transom that is advantageous for 
rough water use. The system is also adaptable to both 
single screw and multiple screw installations. 

First will be described a single screw installation in a 
V-type hull of relatively constant deadrise, represented 
by the angle between the bottom surfaces 22 and 24 
where they terminate at the transom 26, illustrated in 
FIG. 5. As best'shown in FIGS. 1 and 2, (and also on 
a somewhat smaller scale in FIGS. 14 and 15) a tunnel 
32 is provided in the bottom of the boat, disposed along 
the center of the underbody in the aft portion of the 
hull and extending to the transom 26. This tunnel has 
a generally semi-circular configuration throughout its 
length and may be formed by molding as an integral 
part of the hull during the construction of the boat, or 
may be separately fabricated and installed within a suit 
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4 
able slot-like opening prepared in an existing hull. At 
its forward end above transverse lip 40, the interior sur 
face 42 of the tunnel curves forwardly, upwardly and 
then aft as shown in FIG. 2 to merge with the semi 
cylindrical region 44. At the juncture of the forward 
end of the tunnel with the bottom of the hull, the trans 
verse lip 40 provides an abrupt discontinuity to enable 
the flow of water to stream straight aft at high hull 
speeds. 
The propeller shaft 46, on which propeller 50 is 

mounted in a position between the forward end of the 
tunnel and the stern of the hull and preferably some 
what aft of the midpoint, as illustrated, extends through 
a combined bearing and stuf?ng box 52 mounted on 
the central ?at and thickened region 54 within the hull 
at the forward end of the tunnel. Another bearing 56 
supports the shaft just ahead of the propeller. Both 
bearings preferably include bearing sleeves of a rubber 
or rubber-like material dependent on water for lubrica 
tion. In order that they may operate properly in the 
propulsion system of the invention, they are provided 
with a positive supply of water connected to passages 
58 and 60 via conduits indicated schematically at 62 
from a source derived either from the main power plant 
or by means of a separate pump, not shown. The pas 
sage 60 to the bearing 56 adjacent the propeller runs 
inside bearing support strut 64 extending upwardly to 
the roof of the tunnel, suitably reinforced above. 
The propeller shaft is preferably mounted as nearly 

parallel to the axis of the tunnel as is practical. In par 
ticular, the stern bearing 56 is mounted so that the low 
ermost portion of the propeller hub 66 is close to, or 
coincides with the dash line 68 representing a straight- ' 
line extension aft toward the transom of the central re 
gion of the underbody 70 of the hull ahead of the tun 
nel. Thus, as will be more fully explained hereafter, the 
propeller hub 66 is just above the level of the fast 
moving water, represented by line 68, when the boat is 
operating at planing speeds. The fact that both shaft 
bearings 52 and 56 are normally above the level of the 
water when the craft is planing explains the need for 
the provision of a positive supply of water to the bear 
ing sleeves. ' 

The propeller 50, having a plurality of blades, is of a 
design especially suitable for operating in semi 
submerged manner at high hull speeds, for example, in 
excess of 40 knots, where conventional fully sub 
merged propellers not only lose effectiveness but are 
likely to suffer severe damage due to erosion caused by 
partial cavitation. 
The preferred type of propeller for my propulsion 

system is known as a supercavitating propeller, having 
a blade con?guration that has been found most effec 
tive for operation under conditions where the thrust is 
developed solely on the pressure faces of the blades, 
with a complete cavity associated with the back of each 
blade. Only by having complete cavities extend past the 
trailing edge of the blade section during high speed 
operation can the destructive erosion caused by partial 
cavitation at the backs (or “suction” sides) of the 
blades be avoided. 

It is not necessary for an understanding of the present 
invention to set forth the procedure for the design of 
super-cavitating propellers, as full information on this 
subject is found in published technical papers, for ex 
ample, reports of the David Taylor Model Basin. The 
invention instead is concerned with the provision of 
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means by which a supercavitating propeller may be uti 
lized at maximum efficiency at high design hull speeds 
when operated in a semi-submerged manner with the 
blades naturally ventilated, while making it possible for 
the same propeller at low hull speeds to operate fully 
submerged in a manner that is effective to accelerate 
the hull from rest out of its displacement-mode speed 
range, through the resistance hump, to a speed where 
the propeller can go into its semi-submerged mode of 
operation and provide the thrust for further accelera 
tion to the design hull speed. This design hull speed will 
generally be substantially above the transition speed, 
and represents the speed attainable in accordance with 
the design of hull and propeller and available horse~ 
power. 
To achieve the desired modes of operation of the 

propeller for adequate thrust at low hull speed and high 
propulsive ef?ciency at high hull speeds, means are 
provided across the bottom of the tunnel to bring about 
the proper control and separation of the flow of water. 
Such means, comprising small spaced hydrofoil ele 
ments, not only serve to determine the flow pattern as 
a function of hull speed, but may also be con?gured to 
develop hydrodynamic force as means of controlling 
the trim of the boat. For this purpose the bottom sur 
face of each of the hydrofoil members preferably has 
a configuration corresponding closely to the contour 
the underbody of the hull would have if there were no 
tunnel, that is, if the tunnel were closed in at the loca 
tion of the hydrofoil by continuation of the bottom of 
the hull across the tunnel opening. Thus, in a single 
screw, on-centerline installation in a deep-V hull, the 
hydrofoils will have a V-con?guration as viewed along 
the axis of the tunnel, while in ?at-bottom bulls and in 
twin screw V-hull installations, the hydrofoils will 
bridge the bottom of the tunnel in substantially a 
straight line con?guration, as hereinafter described and 
shown. 
One of the hydrofoil members is advantageously lo 

cated just ahead of the propeller, where it can be asso 
ciated with the stern bearing 56 to provide rigid lateral 
support therefor. As best shown in the sectional view 
FIG. 3, the hydrofoil comprises elements 72 and 74 
whose bottom surfaces lie in the planes of and repre 
sent inward extensions of the bottom surfaces 22 and 
24 of the V-shaped hull. The elements-72 and 74 join 
at 76 with the intersection of the V-angle close to line 
68. - 

Another hydrofoil member is preferably located aft 
of the propeller, in the region of the rudder. As shown 
in FIG. 4, this aft hydrofoil has its elements 82 and 84 
intersecting at 86 in the same V-con?guration as that 
of the hull underbody so as to merge with the side sur 
faces 22 and 24 of the hull alongside the tunnel. 
By reason of the disposition of the aft hydrofoil in the 

region of the rudder, the rudder is divided into two 
parts, one above and the other below the aft hydrofoil. 
The upper blade 90 is mounted on the rudder post 92 

- which extends upwardly through the usual bearing and 
stuf?ng box 94. Because of the curvature of the tunnel 
and the V-con?guration of the aft hydrofoil, the upper 
and lower edges of the upper rudder blade 90 are 
curved to provide clearance when the blade is turned 
at angles to the tunnel centerline over the range of nor 
mal steering requirements. It will also be noted, refer 
ring to FIG. 1, that the blade is shown as wedge-shaped 
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6 
in section, a con?guration desirable for effective steer 
ing control. 
Below the aft hydrofoil is mounted a lower blade 96, 

having a short stock 98 extending upwardly through a 
central passage in the hydrofoil into a socket in the 
main rudder post, where it is pinned or keyed in place. 
The lower rudder blade may have somewhat less area 
than the upper blade 90. The lower blade preferably 
has its top edge substantially on the same level as the 
bottom of the propeller hub, and therefore on the ex 
tended centerline 68. The bottom edge of the lower 
rudder 96 preferably is at approximately the depth of 
the propeller blades in their lowest position. FIGS. 3 
and 4 illustrate, by means of the dot and dash line 100, 
the swept circle or disc area of the propeller. The lower 
rudder blade 96 provides the entire steering action at 
high speeds. Preferably the forward portion 102 of this 
rudder, shown in section in FIG. 7, has an asymmetric 
con?guration in order to develop a side force which 
produces a resulting torque about the center of gravity 
of the boat that is approximately equal and opposite to 
the torque unbalance created by the partially sub 
merged propeller when used in a single screw applica 
tion, or in a twin screw application without opposite 
propeller rotation. I 
The hydrofoil‘elements 72-74 just ahead of the pro 

peller and 82-84 at the rudder region have as their pri 
mary function the maintenance of ?ow separation. To 
establish the initial ?ow separation requisite to conver 
sion of the propulsion mode from fully submerged to 
semi-submerged, other hydrofoil elements are disposed 
in spaced relation across the tunnel bottom in the re 
gion ahead of the propeller. These members 106, in a 
single-screw installation on the centerline of a hull, will 
have approximately the same con?guration, when 
viewed along the axis of the tunnel, as the hydrofoil ele 
ments illustrated in FIGS. 4 and S, and similarly repre 
sent extensions or continuations of the hull underbody 
across the bottom of the tunnel. The number, spacing, 
chordal dimensions and sectional shape of these hydro 
foil elements 106 across the open region of the tunnel 
ahead of the propeller are determined by design con 
siderations and performance evaluation in order to cor 
relate the occurrence of ?ow pattern transition with 
propeller thrust and hull speed which will most effec 
tively accelerate the craft out of the displacement 
mode-through the resistance hump and into the planing 
mode. Thus the leading edges 112 and trailing edges 
114 are subject to modi?cations in shape, and the hy 
drofoils may be tilted slightly out of the neutral plane, 
in order to achieve optimum control of ?ow. 
The manner of operation of the propulsion system 

will now be described, with particular reference to the 
diagrammatic views, FIGS. 11, 12 and 13. At low hull 
speeds, when the craft is just getting underway or ma’ 
neuvering under crowded conditions, the craft will be 
operating as a displacement vessel, at speeds not appre 
ciably in excess of that de?ned by the relationship in 
which speed in knots is approximately equal to the 
square root of the waterline length of the hull. At such 
speeds, say 7 to 10 knots for craft in the 25 to 50 foot 
sizes, the hull will be relatively low in the water, close 
to its level when at rest. As a consequence of both its 
low speed and its close to maximum immersion, the 
suction force acting on the tunnel causes the tunnel to 
be full of water. Even though the boat is moving ahead, 
the water will readily flow upwardly between the rela 
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tively narrow flow control elements 106 and along the 
top of the tunnel, as indicated by the flow lines in FIG. 
11. Thus the propeller will be fully immersed so that 
even though the blade form and pitch of the propeller 
may be more suited for maximum thrust at much higher 
advance ratios, a substantial thrust will nevertheless be 
developed through utilizing the total blade area. Fur 
thermore, the shrouding effect of the semi-cylindrical 
tunnel close to the tips of the blades, as illustrated in 
FIGS. 2 and 3, contributes substantially to the develop 
ment of effective thrust. Additional thrust is derived as 
the result of the reduction in cross-sectional area of the 
tunnel region 108 aft of the propeller which provides 
a nozzle region having the effect of increasing the ve 
locity of the water driven aft by the propeller. 
With an increase in speed of rotation of the propeller, 

and hence increased thrust, the hull speed becomes 
greater than that for a displacement hull. Cavities begin 
to form'just above, that is, on the back faces of the hy 
drofoils. Also, there may be partial cavitation on the 
backs of the propeller blades. As there is not likely to 
be sustained operation in this transition mode, any ero 
sion due to this partial cavitation will be minimal. 
What is significant, during this transition mode of 

operation, is that (l) the propeller is generating effec 
tive and substantial thrust and (2) the local pressures 
are approaching the critical vapor pressure of water 
which results in the commencement of ventilation for 
the propeller blades above the hub, and thus the start 
of operation in the partially submerged mode. FIG. 12 
illustrates the generation of cavities above the lip 40 at 
the beginning of the tunnel, also above and down 
stream of the hydrofoils,'so that the cavities flow into 
the propeller above the hub level, enabling the propel 
ler to begin to operate in at least a partially ventilated 
manner. The hull is now advancing considerably faster 
than the limit set by its critical speed-length ratio for 
the displacement mode and is thus commencing to op 
erate in the planing state. Its speed therefore increases 
until full planing speed is attained, dependent on the 
maximum thrust available from the propulsion system. 
Under full plane, the mode of operation is that typi 

fied by the flow lines diagrammed in FIG. 13. The hull 
speed is such that, in effect, the water is streaming 
straight aft from lip 40 and substantially tangent to the 
bottom of the hydrofoil elements ahead of the propeller 
and also beneath the wider hydrofoils adjacent the pro 
peller and rudder, the hydrofoil elements thus function 
ing as lift elements and as ?ow dividers. Under these 
conditions, the only appendage immersed in the slip 
stream is the relatively small lower rudder blade, relied 
on for steering control during high speed operation. 
The propeller shaft, the stern bearing, the vertical strut, 
the propeller hub and the upper rudder blade are each 
out of the streaming water and create no drag. Most im 
portantly, the tunnel itself is open all the way aft to the 
transom for the admission of air to enable the propeller 
to operate with full natural ventilation (i.e., at the 
vapor pressure of air) in the semi-submerged mode so 
as to avoid damaging erosion occasioned by incomplete 
cavitation. The arrows on the upper flow lines in FIG. 
13 indicate the general circulation of air within the tun 
nel, with the hydrofoil aft of the propeller being effec 
tive to maintain flow division between water and air to 

' insure ample access of air to the propeller at planing 
speed. A further advantage of the tunnel, during high 

> speed operation. is its effective suppression‘of the pro 
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8 
peller spray, so as to con?ne and discharge aft the great 
quantities of spray generated by the operation of the 
semi-submerged propeller, which is so troublesome 
when a surface-type propeller is mounted aft of the 
transom. - 

The propulsion system of the invention is equally well 
adapted to twin screw installations. This is illustrated in 
FIGS. 8, 9 and 10, also in FIGS. 16 and 17. Two tunnels 
are employed, disposed on each side of the centerline 
of the hull. The general arrangement of each propul 
sion unit is similar to that of FIGS. 1 and 2, except the 
several hydrofoil elements extend straight across the 
tunnel openings at their bottom, as shown in FIGS. 9 
and 10. That is, the undersurfaces of the hydrofoils are 
disposed at the deadrise angle of the hull so as to form 
continuations across the tunnel from the hull under 
body 120 on each side of the tunnels. FIG. 9 shows the 
hydrofoil 122 at the stern bearing 124, with the up 
wardly extending strut 126 inclined to the vertical in a 
position perpendicular to the hydrofoil. 
At the aft hydrofoil 132, as seen in FIG. 10, the rud 

ders 134 and 136 are likewise mounted on an axis like 
wise perpendicular to the hydrofoil, so that they may 
swing without interference with the hydrofoil above 
and below which they are mounted. FIGS. 9 and 10 
show the left hand unit in which the hydrofoils, strut 
and rudder assembly are tilted to the right; the right 
hand propulsion unit will of course have its hydrofoils 
and rudder tilted a corresponding angle to the left, as 
appears in FIG. 8, to provide the proper relation to the 
adjacent underbody of the hull. In accordance with 
conventional twin screw practice, the propellers will be 
driven in opposite rotations. ‘ 
As best shown in FIG. 17, the axes of the propeller 

shafts 140 are preferably not quite parallel to the hull 
centerline, but instead diverge outward slightly toward 
the transom. This enables the tunnels to be more nearly 
aligned to the flow directions of the water, especially at 
speeds where the water flows into and along the tun 
nels. Due to the V-con?guration of the underbody of 
the hull, progress of the boat through the water pro 
duces a small outward component of velocity of the 
water away from'the centerline. This slightly oblique 
orientation of the tunnels therefore tends to align the 
tunnels parallel to the local flow. 
An indication of the improved performance of my 

propulsion system, particularly in the critical low speed 
region just prior to planing, is provided by the curves 
shown in FIG. 18 which are representative of relative 
values. The lower solid line 160 is illustrative of the var 
iation in resistance of a typical planing type hull in calm 
water, as a function of speed. The very steep rise in re 
sistance, (the resistance hump), indicated at 162, oc 
curs at the transition point between displacement mode 
and planing mode. Under rough water conditions, the 
resistance, plotted in the lower dash line 164, is mark 
edly higher. 
The upper solid line 166 typi?es the thrust available 

with a surface type propeller, operated entirely in the 
surface mode, for various hull speeds. While such a 
propeller develops very high thrust at planing speeds, 
the thrust drops sharply to very low values at lower 
speeds. In calm water, there is barely enough thrust to 
overcome the hull resistance, at about the 10 knot. 
point. In rough water, the hull resistance exceeds the 
thrust that can be generated by the propeller, so the 
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vessel will never attain planing except with smooth wa 
ter. 

In the top dashed line 168 is shown the thrust which 
can be developed by the same surface type propeller 
represented by the upper solid line 166, when operated 
at below-planing speeds in accordance with my inven 
tion. The very large values of thrust developed at low 
speed by the partially shrouded and fully submerged 
propeller, even though it may be of optimum design for 
attaining very high hull speeds, are clearly evident as 
being substantially in excess of the hull resistance even 
under rough water conditions. 
Because my invention permits the optimum propeller 

to be used for high ‘speed operation, my propulsion sys 
tem enables substantially higher maximum speeds to be 
obtained for a given engine horsepower, or as an alter 
native, the same speed to be obtained with lower horse 
power and consequently greater economy of operation, 
in comparison with vessels where less ef?cient propel 
lers have to be employed if the vessel is to be able to 
pass through the resistance hump and ever attain the 
planing state. 

I claim: 
1. In a high speed power boat of the planing type, a 

tunnel in the aft underwater portion of the hull, said 
tunnel having a generally, semi-circular con?guration 
extending to the stern of the hull, a propeller shaft 
within the tunnel, a propeller on the shaft, means for 
rotatably supporting the shaft with the hub of the pro 
peller in generally coaxial relation to the axis of the 
tunnel, there being a substantial portion of the tunnel 
ahead of the propeller, and flow control means asso 
ciated with said tunnel portion ahead of the propeller, 
said means having passages to admit water to the tunnel 
ahead of the propeller at low hull speeds to fully im 
merse the propeller, said flow control means having 
flow separating surfaces to divert water from the tunnel 
when the hull is planing and thereby cause the propel 
ler to operate partly submerged. 

2. A high speed planing power boat according to 
claim 1 wherein only the blade portions of the propeller 
below the hub are submerged when the hull is planing. 

3. A high speed planing power boat according to 
claim 1 wherein the propeller is of a supercavitating 
type. - 

4. A high speed planing power boat according to 
claim 1 wherein the flow means ahead of the propeller 
are spacedvhydrofoil elements extending across the bot 
tom of the tunnel. 

5. A high speed planing power boat according to 
claim 4 wherein the hydrofoils have a con?guration to 
induce aeration within the tunnel at a hull speed corre 
sponding to the onset of planing. 

6. A high speed planing power boat according to 
claim 1 wherein the propeller shaft adjacent the propel 
ler is supported within a bearing and said bearing is 
mounted on a hydrofoil extending across the bottom of 
the tunnel. 

7. A high speed planing boat according to claim 6 
wherein said hearing has a strut extending upwardly to 
the roof of the tunnel. 

8. A high speed planing power boat according to 
claim 1 wherein a hydrofoil extends across the bottom 
of the tunnel aft of the propeller. 

9. A high speed planing boat according to claim 8 
wherein a steering rudder is associated with said hydro 
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10 
foil aft of the propeller, said rudder having a blade por 
tion above said hydrofoil and another blade portion 
below said hydrofoil. 

10. A high speed planing boat according to claim 9 
wherein the lower rudder blade is connected to the 
upper rudder blade by a shaft passing through said hy 
drofoil. 

11. A high speed planing boat according to claim 9 
wherein the lower rudder blade is smaller in area than 
the upper blade. 

12. A high speed planing boat according to claim 9 
wherein the lower rudder blade has an asymmetric sec 
tional con?guration to counteract oblique thrust on the 
lower rudder blade from the water stream below the 
level of the propeller hub. 

13. A high speed planing boat according to claim 9 
wherein the blade portion of the rudder above the hy— 
drofoil has a curved top edge to clear the top of the tun 
nel over the turning range of the rudder. 

14. A high speed planing boat according to claim 1 
wherein the tunnel portion aft of the propeller has a 
smaller semi-circular con?guration than the portion in 
the region of the propeller. 

15. A high speed planing power boat according to 
claim 1 wherein the underbody of the hull has a V 
con?guration in section extending to the stern and the 
tunnel is located on the centerline of the hull. 

16. A high speed planing power boat according to 
claim 15 wherein the flow control means are hydrofoil 
elements extending across the bottom of the tunnel and 
are disposed in a V-con?guration. 

17. A high speed planing power boat according to 
claim 15 wherein each of the hydrofoil elements ex 
tending across the tunnel has a V-con?guration corre 
sponding to the V-con?guration of the hull. 

18. A high speed planing power boat according to 
claim 15 wherein the hydrofoil elements are coexten 
sive with the underbody of the hull and merge in the vi 
cinity of the centerline of said underbody. 

19. A high speed planing power boat according to 
claim 15 having a plurality of hydrofoil elements dis 
posed across the tunnel in spaced relation along the 
tunnel, said hydrofoil elements havng a V 
con?guration corresponding to the V-configuration of 
the hull, there being a hydrofoil element aft of the pro 
peller, a steering rudder associated with the hydrofoil 
element aft of the rudder, the rudder having a rudder 
blade above the hydrofoil and within the tunnel and an 
other rudder blade below the hydrofoil, means extend 
ing through said hydrofoil and connecting the lower 
rudder blade to the upper rudder blade, the top and 
bottom of the upper rudder blade being shaped to clear 
the top of the tunnel and hydrofoil below over the 
range of angular movement of the rudder. 

20. In a high speed power boat of the planing type in 
which the underbody of the hull has a V-con?guration 
extending to the stern, a pair of tunnels in the aft under 
water portion of the hull, there being a tunnel on each 
side of the centerline, each tunnel having a generally 
semi-circular con?guration extending to the stern of 
the hull, a propeller shaft within each tunnel, a propel 
ler on each shaft, means for rotatably supporting the 
shafts with the hubs of the propellers in generally coax 
ial relation to the axes of the tunnels, there being a sub 
stantial portion of each tunnel ahead of the propeller, 
and ?ow control means associated with each tunnel 
portion ahead of the propeller, said means having pas 
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sages to admit water to the tunnels ahead of the propel 
lers at low hull speeds to fully immerse the propellers, 
said ?ow control means having flow separating surfaces 
to divert water from the tunnels when the hull is plan 
ing and thereby cause the propellers to operate partly 
submerged. 

21. A high speed planing power boat according to 
claim 20 wherein the ?ow control means comprises hy 
drofoil elements extending across the tunnels ahead of 
the propellers, said elements being disposed adjacent 
the bottoms of the tunnels substantially at the angle of 
deadrise of the underbody of the hull adjacent said hy 
drofoil elements. 

22. A high speed planing power boat according to 
claim 21 wherein other hydrofoil elements are located 

_ just ahead of the propeller and aft of the propeller, said 
elements also being disposed at the angle of deadrise of 
the underside of the hull adjacent said hydrofoil ele 
ments. 

23. A high speed planing power boat according to 
claim 22 wherein a steering rudder is located in each 
tunnel aft of the propeller, the axes of each rudder 
being substantially perpendicular to the hydrofoils of 
the tunnel within which the rudder is mounted. 

24. A high speed planing power boat according to 
claim 20 wherein the propeller shafts and the tunnels 
are inclined at small angles to the centerline of the hull 
so as to diverge outwardly from the centerline toward 
the stem. 

25. A propulsion system for high speed planing boats 
having a tunnel in the aft underwater portion of the hull 
extending to the stern, comprising a supercavitating 
propeller beneath the hull partially within the tunnel 
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and partially projecting below the hull portions along 
side the propeller, there being a substantial portion of 
the tunnel ahead of the propeller, and flow control 
means across the tunnel ahead of the propeller for 
causing the propeller to operate fully immersed at hull 
speeds corresponding to the displacement mode of 
operation and to operate semi-submerged at planing 
speeds. 

26. A propulsion system according to claim 25 
wherein the flow control means comprises hydrofoil el 
ements ahead of the propeller at approximately the 
level of the underside of the propeller hub. 

27. A propulsion system according to claim 26 in 
cluding other hydrofoil elements, at least one of which 
is mounted closely ahead of the propeller and another 
aft of the propeller. 

28. A propulsion system according to claim 27 
wherein the hydrofoil elements closely ahead of the 
propeller and aft of the propeller have surface areas 
greater than the surface areas of the hydrofoil elements 
of the other flow control means ahead of the propeller. 

29. A propulsion system according to claim 25 
wherein the tunnel has a generally semi-circular con?g 
uration in the region of the propeller, and a plurality of 
flow control elements extending across the bottom of 
the tunnel, said elements being disposed at spaced in 
tervals along said tunnel, the propeller being located in 
one of the spaces between said flow control elements. 
30. A propulsion system according to claim 29 

wherein there are a plurality of ?ow control hydrofoil 
elements ahead of the propeller and at least one hydro-. 
foil element aft of the propeller. 

* * * * * 


