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1
VARIABLE MARINE JET PROPULSION

The present invention claims priority benefit of Interna-
tional Patent Application Number PCT/US2003/039296
filed in the name of Jeff Jordan, the same inventor as the
inventor of the present application, on Dec. 10, 2003, which
claims priority benefit of Provisional Patent Application Ser.
No. 60/432,281 filed also in the name of Jeff P. Jordan on
Dec. 10, 2002, the complete disclosures of which are incor-
porated herein by reference.

TECHNICAL FIELD

This invention relates to Marine Jet Propulsion Systems,
and more particularly to such systems of an improved
design, which are more efficient over a range of vessel
speeds and loads.

BACKGROUND ART

A marine jet propulsion system includes an inlet duct, a
pumping means and a nozzle. The inlet duct delivers water
from under the hull to the pumping means, which is driven
by an engine. The pumping means delivers the water
through the nozzle, which produces a water jet, thereby
propelling the watercraft through the body of water in which
the watercraft moves. In the prior art, a reversing bucket
redirects the jet flow back under the boat fully for reverse
thrust and partially for neutral thrust.

My U.S. Pat. Nos. 5,658,306, 5,679,035 and 5,683,276,
which are incorporated by reference, disclose systems and
methods for simultaneously optimizing the hydraulic effi-
ciency of the inlet duct and the pumping means. Such
increased hydraulic efficiency has allowed a substantial
increase in the design system flow rate, which is well
understood in the propulsion field of art to improve propul-
sion efficiency at low watercraft speeds. The increased
hydraulic efficiency of the system and the methods preserves
propulsion efficiency at higher watercraft speeds, so that the
systems operate more efficiently over a wide range of boat
speeds and accelerations.

From disclosures in my US Patents and through common
knowledge in the propulsion field of art, it is known that
larger mass flow rates and concomitantly lower nozzle
velocities are more efficient at lower watercraft speeds,
whereas lower mass flow rates and concomitantly higher
nozzle velocities are more efficient at higher watercraft
speeds. To achieve these ends, it is well understood in the art
that a larger nozzle area is useful at low watercraft speeds,
whereas a smaller nozzle area is most useful at higher
watercraft speeds. Such reduction of nozzle size with water-
craft speed was a natural consequence of the operation of the
systems and the methods disclosed in my US Patents.
However, a greater reduction of nozzle size with watercraft
speed would be desirable for increased propulsion efficiency
over a range of watercraft speeds.

When the watercraft is operating in a planing mode, the
water jet obliquely strikes the water surface behind the
watercraft, which results in turbulence on the water surface.
Such turbulence is dependent on the velocity of the water jet
relative to the water surface. When the velocity of the water
jet relative to the water surface is high, as is common in the
prior art, the water jet interacts with the water surface to
produce a high turbulent spray of water behind the boat,
which is commonly called a “rooster tail.” The rooster tail is
commonly considered objectionable for water skiing and
wakeboarding behind the watercraft. Reducing the velocity
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of the water jet relative to the water surface eliminates the
rooster tail, but still leaves a turbulent trail of surface water
in the wake of the watercraft, which is still objectionable to
wake boarders, who like to use short ropes. A further
reduction of the velocity of the water jet relative to the water
surface would be desirable for the further reduction of the
turbulent trail of surface water in the wake of the watercraft.

Another shortcoming of the prior art is the fact that the
engine commonly operates at substantially higher rpm than
would be most efficient, which results in greater fuel con-
sumption, greater engine wear, and more noise than would
result from operation at the engine’s most efficient rpm. The
operation of such systems in the prior art has been made
more efficient by incorporating a two-speed transmission,
but at higher cost, weight and axial length.

Many marine jet propulsion systems of the prior art
feature a direct connection between the pump and the engine
to eliminate the cost and axial length of a transmission or
clutch. In these designs of the prior art, the neutral position
that could be provided by the transmission or clutch is
approximated by partially reversing the flow from the jet.
The operator cannot easily maintain the balance of this
partial reversing, especially given the sudden surge when
starting the engine, so that the watercraft moves unpredict-
ably. A true neutral control position would be desirable to
enhance the operator’s control of the watercraft.

Trash management is another shortcoming of the marine
propulsion systems of the prior art. Many types of floating
debris can become lodged on the grate that covers the inlet
of'the system, which restricts the flow of water into the pump
and reduces propulsion efficiency. There are three types of
such debris: solid objects, like rocks; fibrous material, like
rope, fishing line, grass, reeds, and the stems of aquatic
plants; and sheet material that can blind large sections of the
grate, like large kelp leaves and plastic bags. The fibrous
material is also well known to lodge on the leading edges of
pump and stator vanes, reducing pump efficiency. The rope
is particularly difficult to disentangle, when it becomes
wrapped around the impeller and the drive shaft. Some jet
boats carry hand rakes with right angle bends in the handle
to remove debris from the inlet grate, and some integrate
moveable grate sections to remove such debris, but these
methods are awkward and only partially effective. Some
commercial water jet propulsion systems are equipped with
a reversing transmission, which is used to back flush both
the pump vanes and the grate. As a last resort, commercial
systems and river boats are commonly equipped with a
clean-out hatch, which can be removed to allow the operator
to remove debris from the pump inlet by hand. It would be
desirable to reduce or eliminate the need for the trash
handling mechanisms and methods by providing trash han-
dling and back flushing methods integral to the design of the
marine jet propulsion system.

In the marine jet propulsion systems of the prior art,
reverse thrust is achieved by redirecting the water jet back
under the boat along hydraulic reaction surfaces. Such
reaction surfaces are commonly carried on a structure
known as a “bucket”, which is mechanically moved into the
jet stream by the operator to get reverse thrust. Buckets for
large jets take up considerable space and add weight and cost
to the system. It would be desirable to eliminate the need for
the bucket by incorporating a method of producing reverse
thrust in the pump design.
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DISCLOSURE OF THE INVENTION

Accordingly, it is an object of the invention to provide an
improved marine jet propulsion system, which combines a
variable pitch pump impeller and a variable nozzle under
microcontroller controls to create a continuously variable
power transmission, so that the engine is always operating
close to its most efficient rpm.

It is a further object of the invention to use full pitch on
the variable pitch pump impeller and maximum nozzle area
on the variable nozzle at low speeds, which both increases
propulsion efficiency and reduces the turbulent trail of
surface water in the wake of the watercraft.

It is a further object of the invention to reduce the
variable-pitch impeller pitch and the variable nozzle area
with increasing watercraft speeds, so that both the impeller
pitch and the nozzle area are minimum at the top boat speed,
which is well understood in the art to increase propulsion
efficiency.

It is a further object of the invention to maintain the
variable pitch impeller pump close to its most efficient
operating conditions over both a wide range of shaft rpm and
a wide range of watercraft speeds, while simultaneously
achieving the objects and advantages stated above.

It is a further object of the invention to achieve these
objects and advantages in combination with a variable inlet
duct, that efficiently converts excess velocity at the duct
entrance into pressure at the pump inlet, as described in my
U.S. Pat. No. 5,683,276.

It is a further object of the invention to incorporate a novel
pump design, which allows the variable pitch to be reduced
to near zero, which results in no effective pumping action,
which is effectively a true neutral power transmission.

It is a further object of the invention to provide a method
of further varying the pitch of the variable pitch impeller
pump to create a reverse pumping action, which provides
grate and vane cleaning by back flushing the system.

It is a further object of the invention to provide a vane
design method, which results in close tolerances between the
leading edges and the trailing edges of the vanes as they
rotate through zero pitch, which results in a scissoring action
between the leading edges and the trailing edges of the
vanes, which effectively cleans the leading edges of the
vanes. The scissoring action will also be seen to be effective
in cutting rope and fishing line that may be sucked into the
system, and it can be used to effectively chop up larger
pieces of debris in the pump inlet into smaller pieces, which
can escape through the grating or the nozzle.

It is a further object of the invention to provide for the
further variation of the variable pitch vanes to produce a
reverse pumping action through the system, which becomes
an effective reverse thrust when controlled in concert with
the variable inlet and the variable nozzle, thereby eliminat-
ing the need for the reversing bucket.

It is a further object of the invention to utilize the same
nozzle vanes for reverse steering as are used for forward
steering and nozzle flow regulation.

SUMMARY

These and other objects are met by providing an improved
marine jet propulsion system, which combines a novel
variable pitch spherical pump impeller and a variable steer-
ing nozzle to create a continuously variable power trans-
mission, so that the engine is always operating close to its
most efficient rpm. Reducing the pitch on the variable pitch
spherical pump to near zero provides a neutral power
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transmission. Further reducing the pitch results in a scissor-
ing action between the pump vanes, which cleans debris off
the leading edges of the vanes. Further reducing the pitch
results in reverse pitch and in reversing the pump flow,
which back flushes the system for trash removal. Further
reducing the pitch results in a reverse pumping action, which
is an effective reverse thrust, particularly when used in
concert with the variable steering nozzle and in concert with
the variable inlet duct, which can act as a reverse nozzle. The
swim platform and power trim function, which are both
common on recreational boats of the prior art, can be used
to reduce vortex formation and cavitation in the reverse
thrust mode.

The variable pitch spherical pump incorporates concentric
spherical surfaces on the impeller hub and on the pump
housing. The axes of rotation of the variable pitch impeller
vanes are radii of the concentric spherical surfaces, and the
inner and outer edges of the variable pitch impeller vanes are
also spherical surfaces, which fit closely to the spherical
surfaces of the impeller hub and of the pump housing,
respectively. This geometry allows the variable pitch impel-
ler vanes to rotate about the axes of rotation, while con-
stantly maintaining close fits between the inner and outer
edges of the vanes and the impeller hub and the pump
housing, respectively. The close fits are well known in the
pump design field of art to contribute to efficient pump
operation. In particular, this geometry allows the vanes to
rotate to near zero pitch required for effectively neutral
power transmission, while providing close fits at the full
pitch required in any application. It also allows the vanes to
rotate fully into reverse pitch, while maintaining the close
fits, which is well understood to result in a reverse pumping
action, which is useful for back flushing trash and for
providing reverse thrust.

In the forward thrust mode of operation, the variable
nozzle is controlled to maintain the most efficient head on
the variable pitch impeller pump for the current shaft rpm,
as is described in my U.S. Pat. No. 5,679,035. It is well
understood in the art that the most efficient head on the
variable pitch impeller pump is largely dependent on the
square of the shaft rpm. It is also well understood in the art
that the most efficient head on the variable pitch impeller
pump is only very slightly dependent on impeller pitch.
Hence, the pump will always be operating close to peak
efficiency, when the variable nozzle is controlled to maintain
pump head as a function of square of the shaft rpm.

It is well understood in the art that efficiency is nearly
constant over a broad range of impeller pitch. The resulting
flow through the pump is well understood to be a function
of the impeller pitch. The shaft power demand of the pump
is well understood to be directly dependent on the product of
pump head and flow, when efficiency is constant. From this,
it is clear that varying the impeller pitch varies the pump
shaft power demand. It is further clear that this variation of
power demand occurs without significant loss of efficiency,
when most efficient pump head is simultaneously main-
tained by varying nozzle area. It will also be clear to those
schooled in the art that knowledge of instantaneous pump
head and shaft rpm can be used to compute the system flow
by means of the pump affinity constants, and hence the shaft
power demand of the pump. It will also be clear to those
schooled in the art that knowledge of actual system flow can
be compared to the flow indicated by pump head and shaft
rpm to monitor the efficiency of the pump operation, which
can be used to alert the operator of pump inefficiency, which
is probably due to debris on the inlet grate or on the pump
vanes.
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A microcontroller incorporates inputs from differential
pressure transducers to determine the head on the pump and
the flow through the system. The microcontroller gets an
rpm input from an engine tachometer. The control program
in the microcontroller incorporates a look-up table of the
pump efficiency as a function of shaft rpm. From these
inputs the control program determines the shaft power
demand of the pump. The control program also incorporates
a look-up table, which allows interpolation of the most
efficient power supplied at each shaft speed by the engine, as
is well understood in the art of industrial controller pro-
gramming. The control program compares the calculated
pump power demand to the power most efficiently supplied
by the engine at the input rpm, and adjusts the pitch on the
variable pitch impeller to adjust pump shaft power demand
to approximate the most efficient power supply of the motor
at the input rpm. Simultaneously, the variable steering
nozzle is adjusted to maintain the pump at its most efficient
operating head for the shaft rpm.

In an alternate embodiment, the pitch on the variable pitch
impeller is controlled by reference only to the throttle
position on the engine. The efficient power supplied by the
motor is largely dependent on the throttle position, and the
pump power demand is largely dependent on impeller pitch,
so linking the impeller pitch to the throttle position approxi-
mately maintains efficient engine operation. Simultaneously,
the variable steering nozzle is adjusted to maintain the pump
at its most efficient operating head for the shaft rpm.

In another alternate embodiment, the pitch on the variable
pitch impeller is adjusted based on an engine loading output
from a combustion microcontroller on the engine. It is well
understood that such combustion microcontrollers com-
monly use a variety of sensors on the engine to control fuel
injection, ignition timing and electric servo valve timing.
Such combustion microcontrollers also commonly output
engine-loading signals to automobile transmission micro-
controllers, which incorporate engine conditions into their
shift point control calculations. By these means, variations
in elevation, humidity, fuel quality, and other engine oper-
ating parameters are incorporated in the most efficient shift
point control decisions, so that the engine operates most
efficiently. Similarly, this alternate embodiment adjusts the
impeller pitch to operate the engine most efficiently. Simul-
taneously, the variable steering nozzle is adjusted to main-
tain the pump at its most efficient operating head for the
shaft rpm. It will be clear from the following disclosure that
several fortunate consequences result from this pump and
nozzle design and from these control methods.

When the watercraft is at the dock, the operator can
manually control the pitch on the variable pitch impeller to
be effectively zero, so that no pumping action results from
the rotation of the variable pitch impeller. This is a true
neutral position for starting the engine and for sitting at rest
in the water. The operator can also reverse the pitch to clean
the vanes and to back flush the system. By increasing the
pitch, the operator increases the flow through the jet in a
controllable way, either in forward or reverse, eliminating
any starting jerks or uncontrollable movement of the water-
craft. The same steering wheel or other steering control
method is effective in steering the boat in either forward or
reverse. When the operator has set the impeller at full
forward pitch and increases the engine rpm, the microcon-
troller maintains efficient operation, as described above.

At low speeds, the power demanded to propel the boat at
constant speed is low. To match the power demanded by the
pump to the most efficient rpm of the engine, the microcon-
troller sets the pump impeller pitch near maximum. To
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maintain the pump close to its most efficient operating
conditions, the microcontroller opens the variable steering
nozzle to maximum. In addition to maintaining engine
efficiency, this control strategy has the fortunate conse-
quence of providing maximum flow at low speeds for
maximum propulsion efficiency. The flow through the maxi-
mum nozzle opening also occurs at the lowest possible
velocity. Thus, motor efficiency, pump efficiency, and flow
rate efficiency are all close to optimum, and wake turbulence
is minimized.

When the system is under full acceleration, as in pulling
up a water skier, the control system will reduce the pump
impeller pitch to match the pump’s shaft power demand to
the engine’s most efficient power supply at the instantaneous
shaft rpm. The control system will also reduce the nozzle
area to maintain the most efficient head on the pump for its
current rpm.

When the boat reaches steady wakeboarding speed in the
approximate range of 15 to 20 mph, the impeller is close to
full pitch to reduce the engine rpm to the most efficient
operating point. The variable nozzle is close to being fully
open to maintain the most efficient pump head at the
relatively low shaft rpm. A further advantage is that the
variable inlet duct opening is near maximum due to the high
flow, which results in no losses from the conversion of inlet
entrance velocity to pressure at the pump inlet. This again
has the fortunate consequence of providing close to maxi-
mum flow at this relatively low boat speed for maximum
propulsion efficiency, which also results in minimum nozzle
velocity through the large nozzle area and consequently in
minimum wake turbulence. The system rpm is further
reduced relative to systems of the prior art by this higher
propulsion efficiency, which requires less shaft power and
consequently lower shaft rpm to maintain the boat speed.
Thus, motor efficiency, pump efficiency, and flow rate effi-
ciency are all close to optimum, and wake turbulence is
minimized.

When the boat reaches steady water skiing speed at
approximately 30 mph, the recovery of pressure in the inlet
duct has increased, which will cause a slight reduction in
nozzle area to maintain the most efficient system flow and
head on the pump. The power required to maintain this
higher boat speed is also higher, so the engine must operate
at a higher rpm to supply the necessary power. The most
efficient pump head rises as the square of the shaft rpm.
Higher engine rpm causes the control system to reduce the
impeller pitch, which reduces the most efficient pump flow.
The nozzle area control function implicitly accounts for
higher inlet head at this boat speed, higher pump head at the
higher shaft rpm, and the reduced flow resulting from
reduced impeller pitch. As a result of all these factors, the
nozzle area is reduced and the nozzle velocity relative to the
boat is increased. However, the nozzle velocity relative to
the water surface is reduced by the increased boat speed, so
that the velocity of the jet relative to the water surface has
only slightly increased. Wake turbulence is thereby only
slightly increased, and the use of longer towropes at this
higher boat speed makes wake turbulence less critical, since
it has more time to dissipate before the skier reaches it.

Further increases in boat speed demand increased engine
power, which the engine can only supply at higher rpm. The
control system reduces impeller pitch to allow the engine
higher rpm. Reduced impeller pitch requires a commensu-
rate reduction in nozzle area. Pump head is rising as the
square of the rpm. Inlet head is rising as the square of the
boat speed. The increasing pump rpm, the reducing pitch,
and the higher inlet pressure are all factors, which will result
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in the control system’s reducing the nozzle area to maintain
peak pump efficiency. Hence, nozzle area is reduced with
increasing rapidity as boat speed increases as a natural
consequence of the system operation, until minimum nozzle
area is reached at the top design speed of the system. The
minimum nozzle area at top speed is also ideal for reducing
the system flow rate, hence improving propulsion efficiency
at the higher speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of the bottom of a boat, which
incorporates an Improved Marine Jet Propulsion System,
showing the hull, inlet duct, pump housing, variable nozzle,
and the swim platform.

FIG. 2 is a midline vertical section view indicated on FIG.
1, showing the internal details of the improved marine jet
propulsion system and the control system schematic.

FIG. 3 is an enlarged view of the area indicated on FIG.
2, which shows the details of the hydraulic control piston for
the vane pitch.

FIG. 4 is an enlarged view of the area indicated on FIG.
2, which shows the details of the impeller hub and vane pitch
operating mechanism.

FIG. 5 is a section view indicated on FIG. 2 showing the
vanes in the inlet duct and the sliding gate beneath the vanes.

FIG. 6 is the section view indicated on FIG. 2 showing the
variable vane operating mechanism of the pump.

FIG. 7 is a rear section view of the boat indicated on FIG.
2 showing the variable rectangular nozzle under the swim
platform.

FIGS. 8A, 8B and 8C are schematic overhead views of the
variable steering nozzle showing the various vane positions
that result from the actions of the hydraulic nozzle controls.

FIG. 9 is a schematic representation of the nozzle hydrau-
lic system, which shows the integration of the steering
function, the nozzle area reduction function, and the nozzle
pitch function.

FIGS. 10A and 10B are section views indicated on FIG.
1 showing the power trim adjustment of the propulsion
system and the maximum declination, which is used in
reverse mode.

FIG. 11 is a graph on which shaft power is plotted against
shaft rpm, showing the relationships between pump power
demand and efficient engine power supply.

FIG. 12 is a flow chart for the microcontroller program
used to control the variable pump vane pitch, the variable
nozzle area and the variable inlet entrance area in all
embodiments of the invention.

FIGS. 13A, 13B and 13C are flow charts for three
alternative microcontroller programs used to control the
variable impeller vane angle for efficient engine operation in
the forward mode of operation.

BEST MODE FOR CARRYING OUT THE
INVENTION

In the accompanying FIGS. 1-13, there is shown an
improved marine jet propulsion system, generally referred to
as 20, designed to achieve higher propulsion efficiency,
greater maneuverability, and better injury prevention fea-
tures than currently available marine propulsion systems.

The system 20 includes a variable water inlet duct 30 for
admitting water into the system 20, a variable-pitch spheri-
cal pump 50 capable of receiving and pumping a relatively
large amount of incoming water, and an adjustable, large,
variable rectangular discharge steering nozzle 80 capable of
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forcibly exiting the water pumped by the spherical pump 50
to propel the watercraft 19 through the body of water 29. A
microcontroller 140 controls the variable inlet duct 30, the
variable pitch spherical pump 50 and the variable discharge
steering nozzle 80. By simultaneously controlling the vari-
able inlet duct 30, the variable-pitch spherical pump 50, the
large variable rectangular discharge steering nozzle 80, the
propulsion efficiency of the system 20 is greatly improved
over marine jet propulsion systems of the prior art.

The inlet duct 30 is designed so that hydraulic efficiency
of the system 20 is optimally maintained at all watercraft 19
velocities, as described in my US Patents. In this embodi-
ment, the entrance area of the inlet entrance opening 32 is
varied by the action of the inlet hydraulic slide cylinder 34
on an adjustable inlet slide 31 to match the velocity of the
water in the inlet entrance opening 32 to the velocity of the
water passing under the watercraft 19.

As shown in FIGS. 1-6, the inlet duct 30 includes adjust-
able inlet slide 31 located over the inlet entrance opening 32
of the hydraulically efficient, elongated inlet tunnel 33
formed or attached to the bottom of the watercraft 19. The
inlet hydraulic slide cylinder 34 moves the adjustable inlet
slide 31 to vary the effective area of the inlet entrance
opening 32. The inlet tunnel 33 is longitudinally aligned on
the watercraft 19 with a front inlet entrance opening 32 and
a rear exit opening 49. The inlet tunnel 33 gently curves
upward inside the watercraft 19 and has a larger cross-
sectional area at its exit opening 49 than at its inlet entrance
opening 32, when the adjustable inlet slide 31 is in its
forward position as shown in FIG. 2. The surrounding
surface of the inlet entrance opening 32 of the inlet tunnel 33
is gently curved from tangent to bottom of the watereraft 19
so that turbulence is minimal at the inlet entrance opening 32
of the inlet duct 30.

A grate structure 40 fits in the elongated inlet tunnel 33
and attaches to the watercraft 19 with grate structure fas-
teners 48, so that the conversion of excess entrance velocity
at the inlet entrance opening 32 into pressure at the rear exit
opening 49 takes place largely in the rectangular passages or
flow channels 41 between grate vanes 42. It is well under-
stood in the art of hydraulic design that dividing the flow
into such rectangular flow channels 41 reduces turbulence
losses in the water system flow (indicated in FIG. 2 by arrow
32), which are larger than the frictional losses against the
vane surfaces. The system 20 moves the adjustable inlet
slide 31 by means of the inlet hydraulic slide cylinder 34 to
adjust the size of the inlet entrance opening 32 so that the
velocity of the incoming water therethrough matches the
velocity water under the watercraft 19 in the body of water
29 in which the watercraft 19 moves. By controlling the
relative velocity of the incoming water through the inlet
entrance opening 32 and by using a hydraulically efficient
inlet tunnel 33, which gradually increases in cross-sectional
area from its inlet entrance opening 32 to its exit opening 49,
the dynamic head of the incoming water may be efficiently
recovered at the spherical pump 50.

As shown in FIGS. 1, 2 and 6, the grate structure 40
includes a plurality of spaced apart, longitudinally aligned
elongated grate vanes 42. The middle grate vane 43 is
vertically truncated to allow passage for the inlet slide
cylinder shaft 36 of the inlet hydraulic slide cylinder 34,
which passes through the watercraft 19. The inlet slide
cylinder shaft 36 is attached to the adjustable inlet slide 31
with clevis pin 35, so that the action of the inlet hydraulic
slide cylinder 34 moves the adjustable inlet slide 31 in
response to the microcontroller 140. The adjustable inlet
slide 31 is held in place by the slide rails 46, which are
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attached to the grate structure 40 with the slide rail fasteners
47. The leading edge 37 of the adjustable inlet slide 31 bends
downward so that the effective entrance angle of the leading
edge 37 is approximately parallel to the upper inlet surface
39 of the inlet tunnel 33, so that the velocity of inlet entrance
flow (indicated in FIG. 2 by arrow 32), which is parallel to
the upper surface 39 will approximately match the entrance
angle of the leading edge 37, which is well understood in the
art of hydraulic design to provide efficient separation of the
inlet flow from the water under the boat.

When the watercraft 19 is stationary or at low speed,
water enters the inlet entrance opening 32 via the suction
created by the spherical pump 50. During this stage, the
adjustable inlet slide 31 is in its rearmost position as shown
by the ghost line position G in FIG. 27, so that the inlet
entrance opening 32 is wide open and the grate vanes 42 act
as diffusers to reduce entrance swirl. As the watercraft’s
speed increases, water enters the inlet entrance opening 32
by the forward movement of the watercraft 19 through the
body of water 29 and by the suction of the spherical pump
50. The microcontroller control system 140 adjusts the
position of the adjustable inlet slide 31 through the inlet
hydraulic slide cylinder 34 and inlet slide cylinder shaft 36
so that the velocity of the water entering the inlet entrance
opening 32 matches the velocity of the water under the
watercraft 19. At the top design speed of the system 20, the
adjustable inlet slide 31 is in the forward position shown in
FIG. 2.

As the velocity of the incoming water at the inlet entrance
opening 32 relative to the velocity of the incoming water at
the exit opening 49 in the inlet tunnel 33 increases, the
microcontroller 140 progressively moves the adjustable inlet
slide 31 forward. It can be seen that this has two effects—
first, it reduces the effective area of the inlet entrance
opening 32 of the inlet tunnel 33; and second, it increases the
effective length of the inlet duct 30. It can be seen that the
changes both in cross-sectional area and change in flow
direction within the inlet tunnel 33 are always gradual,
which are design requirements well known in the art for the
efficient recovery of pressure head in the turbines and
venturi flow meters. It can also be seen that the increasing
effective length of the inlet tunnel 33 with decreasing
effective area of the inlet entrance opening 32 maintains a
nearly constant rate of change in area over the inlet tunnel’s
range of operation. The total dynamic head of the incoming
water can then be efficiently recovered at the spherical pump
50.

Disposed adjacent to the exit opening 49 of the inlet
tunnel 33 is the spherical pump 50, which is coupled via a
drive shaft 51 and transmission 100 to an engine 21. In the
embodiment shown, the spherical pump 50 is contained in a
split spherical pump housing 62, which is attached to the
grate structure 40 with the fasteners 64. The spherical pump
50 is axially aligned with the inlet duct exit opening 49, so
that the splined drive shaft 51 extends forward there from
and connects to the transmission 100. In the embodiment
shown, the spherical pump 50 includes a spherical impeller
52, which rotates to forcibly deliver the incoming water
from the exit opening 49 to the discharge steering nozzle 80
located on the opposite side of the spherical pump 50. In the
preferred embodiment, the spherical pump 50 is designed to
be used with a 300 horsepower engine so that the mass flow
equals approximately 2200 lbs/sec and the pump head is
approximately 70 feet at full power with 18-degree dis-
charge angle on the variable pump vanes. The spherical
pump 50 uses a 16-inch spherical impeller 52, which
matches the size of the diffuser 70, which is disposed over
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the aft position of the spherical pump 50 to recover the
vortex velocity produced by the spherical pump 50 as useful
propulsive momentum, as is common in the art of pump
design. The stator vanes 71 of the diffuser 70 support the
diffuser hub 72, which contains the tapered roller bearings
73 and 74.

Referring to FIGS. 2, 3, 4 and 5: In the assembly of the
spherical pump 50, the bearings 73 and 74 are first mounted
on the pump shaft 75, which is inserted into the diffuser hub
72. The bearing collar 75 is bolted to the hub 72 to carry the
thrust of the bearing 73 and to provide mounting surfaces for
the mechanical seal. The spherical impeller hub 53 is bolted
to the pump shaft 75. The return spring 54 and the spider 55,
engaging the operating arms 56, are held in place by a press,
while the vanes are inserted radially through the bearing
holes 58 and the operating arms 56. Each vane is rotated to
align with the pin holes in the operating arms 56 and the
locking pins 59 are inserted to lock the assembly together.
When the press is removed, the spider 55 is held in place by
the operating arms 56, which restrains the return spring 54.
The hub cone 60 is fitted over the spider 55 and drawn up
against the impeller hub 53 by the progressive sequential
tightening of the impeller hub cone bolts 61. This process
compresses the return spring 54 and results in the pump
impeller vanes 57 being held in the full pitch position by the
return spring 54 against the hub cone 60.

The split spherical pump housing 62 is assembled around
the impeller 52 and pinned together circumferentially with
the fasteners 63. The diffuser 70 is attached to the pump
housing 62 with the fasteners 78. The splined drive shaft 51
is assembled into the internally splined driven gear 101
trapping the water seal 79. Matching the internal spline in
the pump hub cone 60 to the splined drive shaft 51, the
assembled spherical pump 50 and diffuser 70 slide onto the
splined drive shaft 51 and are attached to the grate structure
40 with the fasteners 64. Internal to the splined drive shaft
51 is the pushrod 65, which acts on the spider 55.

A vane adjustment means is connected to the pump
impeller 52 for controlling pitch of the pump impeller vanes
57, and, hence, the most efficient flow rate of the spherical
pump 50. As shown in FIGS. 2, 3, 4 and 5, the vane
adjustment means includes the hydraulic cylinder assembly
102 internal to the splined driven gear 101. The hydraulic
cylinder assembly 102 is solidly mounted to the bell housing
103 using the fasteners. The end piece 105 of the hydraulic
cylinder assembly 102 incorporates a hydraulic fluid passage
107 and a square post 108, which fits a square hole in the
vane actuator piston 109 to prevent the rotation of the vane
actuator piston 109. The vane actuator piston 109 acts on the
roller thrust bearing 110. On the other side of the roller thrust
bearing 110, the bearing plate 111 engages the internal spline
in the splined driven gear 101, so that the bearing plate 111
rotates with the splined driven gear 101 and the splined drive
shaft 51.

It can be seen that when hydraulic fluid is forcibly
introduced through the hydraulic fluid passage 107, the vane
actuator piston 109 is driven against the bearing 110, which
acts on the bearing plate 111 and the push rod 65, which is
driven through the rotating drive shaft 51 to act on the spider
55 to compress the spring 54 in the impeller hub 53 and
move the operating arms 56, which reduce the pitch of the
pump impeller vanes 57.

Located aft position of the pump’s diffuser 70 is the
variable rectangular discharge steering nozzle 80. The steer-
ing nozzle 80 is formed between a top plate 81 and a bottom
plate 82, which are held parallel by their attachment to the
two wing walls 83. The nozzle steering vanes 84 have
























