e D

Dec. 20, 1960

W. H. TINKER

2,965,065

HYDRAULIC JET PROPULSION UNITS FOR BOATS

Filed June 15, 1955

3 L 1
PRI e

; 64
2 =W
2 i}\"“-.‘v?//////a— \\
-
s )

rres | 2, = \
SN S NN 5= \\\
4 \\\\~ // = \\\\
p < ‘ N %l!/// //III’,‘i

2 Sheets-Sheet 1

—=———r

e il.

II/// = X

=7 //////l,;,,, “‘40
{

)
4:'5769

r

ZZLLT SNy NP o
=,

INVENTOR,
WALTER H. TINKER

By~ andt. Coll,

ATTORNEYS,



Dec. 20, 1960 W. H. TINKER 2,965,065

HYDRAULIC JET>PROPULSION UNITS FOR BOATS

Filed June 15, 1955 2 Sheets-Sheet 2

FIG.7. ‘FCG
%2 20
5
N
69 | %9
) g\\ / )
%6 5 6
/20
2
. _ 1Ca
6l f 61 W2
of
-~——ay
2 69
68 68
Cy
INVENTOR,

WALTER H. TINKER,

8y CL-JL (L&Jl«‘-
;2 TORNEYS.



United States Patent O

2,965,065
Patented Dec. 20, 1960

-
1CC

1

2,965,065
HYDRAULIC JET PRCPULSION UNITS FOR BOATS
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This invention relates to improved means for displac-
ing water, and generally to such improvements as adapted
to the field of boat propulsion, and particularly to hy-
draulic jet propulsion means for an outboard motor unit.

The conventional marine propeller agitates much of
t1-1e circumjacent liquid without realizing useful propul-
sive effects, such agitation being caused by many unde-
sirable turbulence or cavitation effects exhibited by the
propeller regardless of size. These disadvantageous dis-
placement effects, which are of the type not usefully ap-
plying a propulsive thrust, have heretofore been accepted
as unavoidable. As a result, the usual open marine pro-
peller has inefficient components when utilized on vessels
of various types even though such a propeller has an in-
herently high mass-to-velocity ratio. It is a major ob-
jective of this invention to overcome the above men-
tioned shortcomings of conventional screw propellers,
ie., to increase the efficiency of converting power ap-
plied to a drive shaft to effective forward thrust of a boat
as achieved by a substantial reduction and minimization
of non-useful displacement and cavitation about and in
the propulsion unit.

Another important objective is realized in the provision
of a liquid displacement unit which utilizes a relatively
small mechanism adapted to handle efficiently high flow
rates with a minimum of cavitation through the dis-
placement system while operating at high revolutions per
minute, the mechanism adding only small pressure head
increments per pound of finid delivered through the sys-
tem, and avoiding any large changes in relative velocities
of such flow.

A still further highly important object is realized by
the provision of inlet blading that is structurally arranged
S0 as to impart a pre-rotation to the water flow in the
space ahead of said blading and ahead of the propulsion
unit, and to the water flow through the inlet channels
formed by such blading and prior to entrance to the im-
peller. Of further advantage, the inlet blading is ar-
ranged with respect to the impeller of the unit so as to
cause the pre-rotation effect of the incoming water flow
in a direction opposite the direction of rotation of the
impeller, thus enabling an axial flow delivery from the
impeller.

An important objective of the improvements is to effect
a prerotation of the liquid intake stream in space ahead
of the unit, and in the inlet channels, all in a direction
opposed to the impeller rotation, the flow accelerating
through such inlet channels prior to introduction to the
impeller inlet. Such prerotation serves markedly to re-
duce shock and cavitation losses, and hence results in
this otherwise lost energy being inherently reflected in
propulsive thrust.

An important objective of the invention is afforded by
the provision of a rotary impeller which is hereinafter
referred to as a “no lift” type. The action of the impeller
is such that, although the relative velocity between a par-
ticle of water and the impeller blade portions contacted
thereby remains substantially constant, the absolute ve-

. to provide a useful thrust.
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locity of the water flowing through the device is increased
This increase in absolute
velocity is due to a centrifugal pressure head produced.
by increases in the inner and outer diameters of the im-
peller blades along the length of the impeller.

A further object is to allow for a useful force effect
on the outer diverging shell of the structure at inlet, which
supplements the thrust of the water flow through the im-
peller. )

The foregoing and numerous other objects of the in-
vention will more clearly appear from the following de-
tailed description of a preferred embodiment and a modi-
fication thereof, particularly when considered in connec-
tion with the accompanying drawings, in which:

Fig. 1 is a side elevational view of an outboard motor
unit attached fo a boat, the unit showing one embodi-
ment of the improved hydraulic jet propulsion means;

Fig. 2 is an enlarged front end view of the propulsion
unit shown in Fig. 1;

Fig. 3 is a cross sectional view of the propulsion unit
of Fig. 1 as seen along a longitudinal vertical plane
passed therethrough;

Fig. 4 is an enlarged view in cross section as seen along
line 4—4 of Fig. 1;

Fig. 5 is a side elevational view of the impeller shown
in Fig. 4; :

Fig. 6 is a modified form of the hydraulic jet propulsion’
means, showing a view in cross section as seen along a
longitudinal vertical plane passed therethrough; :

Fig. 7 is an expanded view of the species shown in Fig.
3 showing the angular setting of the impeller blades and
prerotation vanes, and showing the direction and magni-
tude of the velocities, and

Fig. 8 is an expanded view of the species shown in Fig.
6 showing the angular setting of the impeller blades, and
showing the direction and magnitude of the velocities.

Referring now by characters of reference to the draw-
ing, it is noted that the engine and tank assembly gen-
erally indicated at 10 is attached through the usual swivel
connection to a clamp 11, and for steering purposes is
provided with a retractible control arm or tiller 12. Lo-
cated in a hollow column 13 is a vertical drive shaft 14,
a portion of which is shown in Figs. 1, 3 and 6, the drive
shaft 14 constituting a power source for the displace-
ment unit to be described, and which is generally indi-
cated at 15 in Fig. 1. The propulsion unit 15, as shown
in Fig. 1, normally operates submerged in the water.
Fig. 1 shows the clamp 11 attached to the stern end 16
of a boat 17. :

The propulsion unit 15 includes an enclosing annular
shell generally indicated at 20 consisting in the present

. embodiment of a pair of sections 21 and 22. These shell
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sections 21 and 22 are connected by screw elements 23
along an interfitting stepped formation 24 provided along
mating peripheries of such sections. The outer wall 25
of forward shell section 21 diverges rearwardly, while the
outer wall 26 of rear shell section 22 converges rear-
wardly.

The annular shell 20 provides a fore and aft channel
therethrough having an inlet port 27 and a discharge port
28, the channel including an impeller passage portion 39,
an intake passage portion 31 extending forwardly there-
from, and a discharge passage portion 32 extending rear-
wardly therefrom. The annular inner wall 33 defining
intake passage portion 31 is substantially cylindrical, the
annular inner wall 34 defining the impeller passage por-
tion 30 diverges rearwardly from the impeller inlet to
the impeller outlet, and the annular inner wall 35 de-
fining discharge passage portion 32 converges rearwardly.

The hollow column 13 extends downwardly through.
section 22 of shell 20, and carries a conical hub 36 that
is located in discharge passage portion 32. The hub 36
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provides an internal gear chamber 37 that is open at the
forward end, and includes an upstanding boss 40 which
communicates with the gear ¢hamber 37. Drive shaft 14
extends through boss 49 and intc chamber 37. A driving
gear 41 is secured 1o the lower end of dfive shaft 14, the
gear 41 including a shank 42 that-is normdlly located in
boss 40-and serves as a bearing for the énd of shaft 14,

An impeller shaft 43 is carried by hub 36, and is dis-
posed in a horizontal position along the center longitudinal
axis of the channel formed by annular shell 29. Thehub
36 includes a web portion 44 that carries a radial bearing
45 adapted to receive and journal the rear end 46 of im-
peller shaft 43. The otherwise -open -forward end of hub
36.is closed by a cap plate 47 that is secured by cap screws
48 to hub 36. A portion 56 of impeller shaft 43 is jour=
nalled in a cap thrust bearing 51 and in bearing seal 52,
the bearings 51 and 52 being mounted in cap plate 47.
A pinion 53 is secured to impeller shaft 43, and is located
in gear chamber 37 so as to engage and mesh with driving
gear 41. Disposed between pinion 53 and cap bearing 51
is a thrust washer 54. The impeller shaft 43 extends for-
wardly of hub 36 and intc the impeller passage portion 30.

The impeller 55 mounted on impeller shaft 43 is per-
haps more clearly shown in Fig. 5. This impeller 55
includes a hub 56 which consists of a forward, cylindrical
portion 57 and a rearwardly divergent portion 60 at the
rear. A plurality of impeller blades 61 are carried by
the divergent hub portion 60 and extend outwardly, the
blades 61 being arranged to realize an.impeller of “no
Lift” type. A “no lift” type of impeller includes an im-
peller in which the blades 61 are flat and arranged with
no pitch change axially from the impeller inlet to the im-
peller outlet for any given streamline. In other words,
the blades 6% are arranged so that the relative velocity of
the water flow from point to point along the impeller
blades axially through the impeller remains substantially
constant. Of course, the absolute velocity of the water
flow leaving the device immediately behind the impeller
is greater than the absolute velocity ahead of the impeller,
such increase being caused by the increase in static or
centrifugal pressure at the impeller outlet that is realized
solely by the divergent hub and peripheral shell. The
relative velocity of the water flow along the impeller blades
is not changed by changes in blade pitch from impeller
inlet to outlet. In Fig. 5 there is shown a “no pitch
change” blade arrangement. The pitches are of course
different at the hub than at the periphery of the blading,
but there is no pitch change at either place. The head
pressure is developed by centrifugal force due to the action
of the divergent hub portion 60 on the water flow, as is
more fully explained subsequently, and not by any pitch
change in the blading 61.

The. fact that the illustrated “no lift” impeller 55 in-
creases centrifugal pressure without materially altering
the relative velocity between the water particles. and the
impeller blade portions contacted thereby permits a large.
quantity of flow with minimum turbulence. This large’
flow results in a depression of the static pressure at the
entrance to the impeller, so that a static pressure differ-
ential is established between the zone immediately in front
of the impeller and a zone far enough upstream from the
propulsion device to be unafiected thereby. However, the
total heads and total energies in these two zones are sub-
stantially the same. It will be evident then that the static
pressure differenial is accompanied by an opposite dif-
ferential in velocity head between these two zones. More-
over, since the flow passages through the impeller blading
61 are rotating, the acceleration of the water between
these two zones has-a rotational component. -1n other

" words, -there is. a prerotation of the flow ahead of im-
peller 55, and it has been found that this prerotation is in
a direction opposite to the direction of rotation of the
impeller itself. : A '

-The blades 61 include flat inlet portions 68 that extend.
forwardly and inwardly to realize a taper at the constant
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diameter, cylindrical hub portion 57, as is shown in Figs.
3,5 and 6. This inlet blading-portion 68 is formed as an
integral continuation of blades 61, and includes oblique or
tapered leading edges 69. The inlet blading portions 68
have no pitch change, and it will be noted that there is no
diameter change at either the hub 56 or shell section 21
where the inlet blading portions 68 are located. This inlet
arrangement affords inlet channels about the cylindrical
kub portion 57, and which enables the water flow to enter
the blade channels before the centrifugal effects take
place. ’

The impeller 55 is fastened to shaft 43 by key 62 (Fig.
4). A recessed formation 63 is provided at the forward
end of cylindrical hub portion 57, and is adapted to re-
ceive a nut 64 that is utilized to fasten impeller 55 to im-
peller shaft 43. A pin 59 is passed through shaft 43 to
prevent unintentional locsening of nut 64. As is clear
from Fig. 3, the impeller 55 is located in the impeller pas-
sage portion 30 formed by shell 20. :

Located in the intake passage portion 31 is a center
element 65 that constitutes a forwardly convergent nose
or hub aligned with the hub 56 of impeller 55, and ar-
ranged along the longitudinal axis of the channel formed
in shell 26. A plurality of inlet vanes 66 extend radially
outwardly from center element &5 to shell 20, the vanes
66 being spaced and inclined so as to form inclined inlet
channels therebetween. The inlet vanes 66 extend sub-
stantially from the inlet port 27 rearwardly into the intake
passage portion 31. For purposes which will be explained
later, the vanes 66 assist in producing prerotation of the-
water in space ahead of the vanes and to the water flow
through the intake passage portion 31, the prerotation
being in a direction opposite to the direction of rotation of
the impeller 55.

The prerotation blading 66 is oblique to the incoming
flow of water if the incoming relative flow is looked at
some distance in front of the unit 15. As the incoming
relative flow approaches the unit 13, assuming the boat
is moving forwardly in the water, there is a pressure un-
balance by virtue of the very low pressure at the im-
peller inlet and the higher static pressure of the water
externally of the unit. The effect of this pressure dif-
ference is felt in the inlet. channels formed by the inlet
prerotation blading 66. This pressure difference tends to
provide a force that accelerates the water toward and
through the prerotation blading 66. The inclined inlet
channels formed by the blading 66 exert a control effect
upon the prerotation of the water and assist in orienting’
the flow passing into the impeller channel. ’

Assuming that the boat is moving forwardly, there is
a component of relative water flow in a direction longi-
tudinally or axially of the unit 15, and other components
in a direction substantially along the inclined inlet chan-
nels formed by inlet blading 66. As a result, there is a
rotation of the water in space ahead of the inlet blading
66, and in the intake passage portion 31 ahead of the
impeller 85. The direction of such prerotation is in a.
direction opposite (clockwise in Fig. 2) to the direction of:
rotation (counterclockwise in Figs. 2 and 4) of the im-
peller 55.

- The rotating flow of water is then delivered into the.
inlet of -impeller 55. The blading 61 moves the water
flow from the intake passage portion 31 to the discharge
passage portion 32, and. because of its particular “no
1ift” arrangement maintains the relative velocity of the:
water flow. through the impeller along the impeller blades,
substantially constant. The rotating water flow through:
the impeller 55 is increased in its centrifugal pressure as.
the radius of rotation is-regularly increased by divergent
hub-portion 68 and by peripheral divergence of shell sec-
tion: 21.. Because the prerotation is in an. opposite direc-.
tion to impeller rotation, the impelicr 55 delivers the
water. flow to. the. discharge- passage portion. 32.in sub-
stantially. ap axial direction, and hence.delivers such- flow,
axially out of discharge port 28. The absolute velocity
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of the water flow leaving the device behind the impeller
is greater than upon entering, and thrust is thereby pro-
vided.

The action of impeller blades 61 and prerotation vanes
66 on the water flow in the device shown in Fig. 3 is best
illustrated in Fig. 7 wherein an expanded view of the im-
peller blades 61 and vanes 66 is shown along with vector
diagrams showing the direction and magnitude of the
water flow velocities. As explained previously, when the
boat moves forwardly there is an initial water flow velocity
relative to the craft and the propulsion unit, this initial
velocity being installed by vector C1. Because of the
lower pressures existing within the channels formed by
vanes 66, this initial water flow is given a slight prerota-
tion in the direction of such channels and ahead of the
vanes 66 as is illustrated by vector C2. This water flow
then enters the channels formed by straight vanes 66 and
is accelerated because of the lower pressures existing with-
in such channels, this accelerated water flow being illus-
trated by vector C3. The prerotating flow C3 then
enters the impeller. 1t is seen that the water flow through
vanes 66 and entering the impeller 55 is in a direction
opposed to the direction of impeller rotation.

Upon entering the impeller 55, the water flow velocity
C4 in combination with the impeller peripheral velocity

illustrated by vector Ul, results in a water flow velocity.

relative to blades 61 illustrated by vector W1. Since there
is no pitch change of blades 61, the relative velocity flow
W1 continues through the impeller at a substantially con-
stant rate and is illustrated at the impeller outlet by
vector W2 having the same direction and magnitude as
vector Wi, However, at the impeller outlet the impeller
peripheral velocity is substantially higher due to the ex-
panded or divergent hub and shell, which is illustrated
by vector U2. It will be noted that no head pressure has
_ been produced by any change in either of vectors C or
W but totally in a change by vector U, i.e., centrifugal
or static pressure head. It will now be apparent that a
higher static pressure exists at the impeller outlet than
at the inlet to the system. The absolute velocity of the
water flow leaving the impeller 55 is in a direction axially
of the device and is represented by vector C5. The con-
vergent discharge passage 32 causes acceleration of the
water flow by its convergence and the fact that the pres-
sure is diminishing. Therefore, the velocity of the water
flow leaving the device illustrated by vector C6 is substan-
tially higher than that illustrated by vector C1, the in-
crease of velocity being the basis of useful thrust.

An exhaust pipe €7 (Fig. 1) extends downwardly and
rearwardly from hollow column 13, and serves to direct
the exhaust gases into the water flow as it leaves discharge
port 28, thus tending to a small degree to induce greater
flow through the channel formed by shell 29,

Fig. 6 illustrates a modified form of the hydraulic jet
propulsion unit. For purposes of clarity and comparison,
the elements shown in Fig. 6 are given the same reference
numerals as the corresponding elements of the structure
shown in Fig. 3. The propulsion unit of Fig. 6 is exactly
the same in structure and assembly as the unit disclosed
in Fig. 3, except that the inlet blading 66 of Fig. 3 is elimi-
nated, and that the shell section 21 is terminated substan-
tially at the entrance to the impeller passage portion 31.
The impeller 55 is of the same construction including inlet
prerotation blading 68 that is inclined as a continuation
of the no-pitch-change blades 61, This inclination of the
inlet blading 68 causes a prerotation of the water flow in
space ahead of such blading 68, and in the inlét channels
formed by the blading 68. The inclined position of inlet
blading 68, and the low pressure zone formed inside shell
section 21 about the impeller blading 61 causes the ‘water
flow to rotate or whirl oppositely to the direction of rota-
tion of the impeller §5 by virtue of the pressure externally
of the unit forcing-water toward and-into the inlet chansels
formed by inlet blading 68,
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. ‘Assume for instance that the propulsion unit of Fig. 6,
is mounted in operative position on a boat, similar to the
showing of Fig. 1, and that the boat is moving forwardly.’
Then this forward motion of the boat and unit with re-.
spect to the ambient water results in a positive intake of
water through the inlet channels defined by blading 68.
As explained, the pressure differences exerted through the
inlet channels formed by inclined inlet blading 68, and by
the relative water flow toward the unit causes a prerota-
tion of the water in space ahead of the blading 68 and in
the inlet channels formed by the blading 68. This prero-
tation is in a direction opposed to the direction of rotation
of the impeller 55. Obviously, the degree of rotation is
somewhat less than in the structure shown in Figs. 1-4
in which the prerotation is caused by blading 66, yet is
sufficient to realize efficient operational results.

As the rotating water flow moves through the inlet
channels formed by inlet blading 68 (Fig. 6), the flow is
accelerated, but the head pressure is not increased because
of the constant diameter of cylindrical hub portion 57.
The water flow then is moved by impeller blades 61 rear-
wardly to the discharge passage portion 32. Because of
the particular arrangement of impeller blades 61 to pro-
vide a “no lift” characteristic, as has been previously de-
fined, the relative velocity of the water flow through the
impeller §5 in a direction along the impeller blades 61
remains substantially constant. The head pressure of the’
water flow is increased as it moves rearwardly through
the impeller since the radius of the rotating water flow
is increased regularly by divergent hub portion 60 and
divergence of periphery of impeller 55. However, the
impeller blades 61 above do not cause any increase of
head pressure because there is no change in blade pitch.
Since the prerotation of the water flow caused by inlet
blading portion 68 is opposed to the direction of impeller
rotation, the water flow from the impeller blades 61 into
and out of shell portion 22 is substantially axially.

Referring now to Fig. 8 in which the angular sefting
of the impeller blades and the vector diagrams of the
velocities through the device shown in Fig. 6 are illus-
trated, it will be noted that the initial velocity ahead of
the propulsion unit is represented by vector Cl. Because
of the pressure differences exerted through the inlet chan-
nels formed by inclined inlet blade portions 68, the water
flow C1 is accelerated and rotated ahead of the impeller
in a direction opposed to the direction of impeller rota-
tion as is illustrated by vector C2. Of course, the degree
of rotation of flow C2 ahead of the impeller in Fig. 8
is less than the degree of rotation of flow C3 ahead of the
impeller in Fig. 7 because vanes 66 are absent. However,
the water flow C2 in Fig. 8 enters the impeller ‘as illus-
trated by vector C3. : _

The rotation of impeller 55 causes a peripheral velocity
at the inlet as represented by vector U1, which when com-
bined with water flow C3 results in a water flow having a
relative velocity along the blades 61 represented by vector
WI1. Because the blades 61 are flat and have no pitch
change from inlet to outlet, the relative velocity W1 re-
mains substantially constant and is represented by vector
W2 at the impeller outlet. Again, it will appear that the
impeller peripheral velocity is substantially higher at the
outlet because of the expanded or divergent hub and shell
structure, such peripheral velocity being represented by
vector U2. The combination of water flow W2 and U2
results in an axial discharge flow from the impeller 55 rep-
resented by vector C4. The magnitude of velocity C4 ap-
pears to be substantially that of velocity C2 from the dia-
gram of Fig. 8, but it must be remembered that an in-
crease in head pressure has been produced by the cen-
trifugal effects previously described. Hence, the conver-
gent discharge passage 32 causes acceleration of the water
flow which results in a discharge flow represented by
vector C5 that is of greater velocity than vector C1, such
increase being the basis of useful thrust.

The description of features of design and eléments of
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structure of the present hydraulic jet propulsion units
reveals a marked departure irom earlier ‘submerged dis-
placément devices for the purpose of propelling a boat.
These units are designed to move a relatively large volume
of liquid at a relatively low velocity, with minimal fric-
tional losses, and with minimal pressures through all parts
of the flow system. Because these units operate on a
low head, large volume principle, they require energy
values of ‘only a low order per pound of liquid moved
through the system. ~ o

Although the invention has been described by making
detailed reference to a preferred embodiment and a single
modification thereof, such detail is to be understood in
an instructive, rather than in any restrictive sense, many
variants being possible within the scope of the claims
hereunto appended.

"I claim as my invention:

1. A propulsion unit for boats comprising a shell hav-
ing a fore-and-aft channel extending therethrough, the
channel including a rearwardly diverging impeller pas-
sage portion, an impeller mounted in said impeller pas-
sage portion, said impeller including a rearwardly di-
vergent hub portion and a plurality of inclined blades ex-
tending outwardly from said divergent hub portion, said
blades having no pitch change along the length thereof,
means for rotating said impeller to drive water through
said impeller passage portion, whereby the centrifugal
pressure of said water is increased by the increasing radii
of the flow paths between said rearwardly divergent hub
portion and said rearwardly divergent impeller passage
portion of said channel in said shell and the pressure of
said ‘water just ahead of the impeller is depressed to pro-
ducé a prerotation of the water in space ahead of the ro-
tating impeller in a direction opposed to-the direction of
rotation of the impeller, and a plurality of stationary vanes
fixed to said shell ahead of said impeller and being in-
clined in the same direction as said impeller blades to
control the prerotating water flow prior to its entrance
into the impeller.

2. A propulsion unit for boats comprising a shell hav-
ing a fore-and-aft channel extending therethrough, the
charnel including a rearwardly converging discharge pas-
sage portion and a rearwardly diverging impeller passage
portion ahead of said discharge passage portion, an im-
paller mounted in said impeller passage portion, said
impeller including a rearwardly divergent hub portion
and a plurality of inclined blades extending outwardly
from said divergent hub portion, said blades having no
pitch change along the length thereof, and means.for ro-
tating said impeller to drive water through said impeller
passage portion, whereby the centrifugal pressure of said
water is increased by the increasing radii of the flow paths
between said rearwardly divergent hub portion and said
rearwardly divergent impeller passage portion of said
channel in said shell and the pressure of said water just
ahead of the impeller is depressed to produce a prero-
tation of the water in space ahead of the rotating im-
peller in a direction opposed to the direction of rotation
of the impeller.

3. A propulsion unit for boats comprising a shell hav-
ing a fore-and-aft channel extending therethrough, the
channel including a rearwardly converging discharge pas-
sage portion and a rearwardly diverging impeller pas-
sage portion ahead of said discharge passage portion and
a cylindrical intake passage portion ahead of said impeller
passage. portion, an impeller mounted in said impeller pas-
sage portion and said intake passage portion, said impeller
including a hub and a plurality of inclined blades extend-
ing ontwardly from said hub, said hub including a cylin-
drical portion disposed within said cylindrical intake pas-
sage portion of said channel and a rearwardly divergent
portion disposed within. said divergent. impeller passage
portion of said channel, said blades having no pitch.change.
along. the, length. thereof, and means for rotating said: im-
peller t6" drive ‘water through said channel, Whereby the
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centrifugal pressure of said water is increased by the in-
creasing radii of the flow paths between said rearwardly
divergent hub portion and said rearwardly divergent im-
pelier passage portion of said channel in said shell and the
pressure of said water just ahead of the impeller is de-
pressed to produce a prerotation of the water in gpace
ahead of the rotating impeller in a direction opposed to
the direction of rotation of the impeller.

4, A propulsion unit for boats comprising a shell hav-
ing a fore-and-aft channel extending therethrough, the
channel including a rearwardly converging discharge pas-
sage portion and a rearwardly diverging impeller passage
portion ahead of said discharge passage portion and a
cylindrical intake passage portion ahead of said impeller
passage portion, an impeller mounted in said impeller
passage portion and said intake passage portion, said im-
peller including a hub and a plurality of inclined blades
extending outwardly from said hub, said hub including a
cylindrical portion disposed within said cylindrical intake
passage portion of said channel and a rearwardly divergent
portion disposed within said divergent impeller passage
portion of said channel, said blades having no pitch
change along the length thereof and having rearwardly
and outwardly tapered leading edges, and means for ro-
tating said impeller to drive water through said channel,
whereby the centrifugal pressure of said water is in-
creased by the increasing radii of the flow paths between
said rearwardly divergent hub portion and said rearwardly
divergent impeller passage portion of said channel in said
shell and the pressure of the water just ahead of the im-
peller is depressed to produce a prerotation of said water
in space ahead of the rotating impeller in a direction
opposed to the direction of rotation of the impeller.

5. A propulsion unit for boats comprising a shell hav-
ing a fore-and-aft channel extending therethrough, the
channel including a rearwardly converging discharge pas-
sage portion and a rearwardly diverging impeller passage
portion ahead of said discharge passage portion and a
cylindrical intake passage portion ahead of said impeller
passage portion, an impeller mounted in said impeller
passage.portion and said intake passage portion, said im-
peller including a hub and a plurality of inclined blades
extending outwardly from said hub, said hub including a
cylindrical portion disposed within said cylindrical intake
passage portion of said channel and a rearwardly divergent
portion disposed within said divergent impeller passage
portion of said channel, said blades having no piich
change along the length thereof and having rearwardly
and outwardly tapered leading edges, means for rotating
said impeller to drive water through said channel, whereby
the centrifugal pressure of said water is increased by the
increasing radii of the flow paths between said rearwardly
divergent hub portion and said rearwardly divergent im-
peller passage portion of said channel in said shell and
the pressure of said water just ahead of the impeller is
depressed to produce a prerotation of the water in space
ahead of the rotating impeller in a direction opposed to
the direction of rotation of the impeller, and a plurality
of stationary vanes within said cylindrical intake passage
portion of said channel ahead of said impeller to control
the prerotating water flow prior to its entrance into the im-
peller, said vanes being inclined in the same direction as
said impeller blades and having no pitch change along the
length thereof:
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