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This invention relates generally to hydraulic jet pro 
pulsion apparatus for water-borne craft, and more spe 
ci?cally, to multiple stage jets of this type. 
An object of the present invention is to provide a par 

ticularly et?cient, multi-stage, hydraulic jet propulsion 
apparatus for water-borne craft. 
More speci?cally, it is an object of the present invention 

to provide a multi-stage apparatus of the above type in 
.which the second stage impeller is driven faster than the 
?rst stage impeller and the housing which surrounds the 
impellers converges toward the discharge end thereof. The 
result is a particularly efr’icient propulsion unit. 

These and other objects and advantages of the present 
invention will appear as this disclosure progresses, refer 
ence being had to the accompanying drawings in which: 
The ?gure is a longitudinal cross sectional view through 

a jet propulsion unit embodying the present invention. 
In the design of marine jets of the type to which the 

present invention relates, the maximum propulsive ef 
?ciency depends among "other things, on the unit size and 
weight, g.p.m. of water ?ow, boat stall thrust and ac 
celerating capability and allowable speci?c speed. High 
e?'iciency requires large ?ow of water and low jet velocity, 
consequently low jet pressure. Speci?c speed is repre 
sented by the known formula 

Ns_r.p.rn.><vg.pm. 
___HT 

where r.p.m. is the speed of the impeller, g.p.m. is the 
water ?owing through and H is pressure head in feet vof 
water generated by the pump. 

It is desirable to have the highest practical water mass 
flow, and in order to have a speci?c speed (Ns) which is of 
a reasonably low value, the present invention utilizes a 
large diameter, low speed impeller. As the atmospheric 
pressure is the only thing that pushes the water into the 
intake opening when the craft is stationary, the large 
impeller design provides a large intake area and con 
sequently good initial force due to atmospheric pressure 
to thereby push water into the intake. This permits use of 
a lower speci?c speed (Ns) value, which is desirable, 
because the rpm. can be less. 
The quantity of water (mass) flowing through the unit 

should be as great as possible but is limited due to the 
physical strength and size of the water-borne craft. 

Furthermore, in order to have adequate pressure rise 
through the propulsion unit, more than one stage is re 
quired, that is, the velocity of the water mass ?ow through 
the unit must be raised in stages. 

Prior art propulsion units have of course used multiple 
stages but these stages have been of the same size and 
speed as one another. As only a low pressure rise can be 
obtained across the ?rst stage due to the previously men 
tioned limitation of atmospheric “push” at the intake, the 
subsequent stages are also only low pressure rise stages 
because they all have the same ?ow (g.p.m.) and speed 
(r.p.m.). In order to keep the speci?c speed (Ns) value 
down to a low, practical value, it is necessary to keep 
the ratio of the net inlet head (Hsv) to pump generated 
head (H) near unity. In other words, it is desirable to 
balance out the total pressure rise through the unit in ac 
cordance with the inlet head (Hsv) for one reason, to 
prevent cavitation. 
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In accordance with the present invention, the rpm. 
speed of the second stage impeller is greater than the ?rst 
stage and furthermore the cross sectional area of the 
impeller housing decreases in a direction approaching the 
discharge end. This results in a high speed pumping unit 
with a corresponding high pressure-rise through the unit. 

Referring now to the drawings, the propulsion unit U 
with a housing H is mounted with its intake 1 flush with 
the bottom 2 of the water craft C, and the discharge end 
3 of the housing extends through the stem 4 of the craft 
in accordance with conventional practice. A nozzle N 
extends rearwardly beyond the stern for receiving the 
stream of water from the housing in the boat and dis 
charging it to propel, steer or reverse the boat in the 
known manner. The nozzle may be vof the type shown 
in my co-pending US. application Ser. No. 207,642, ?led 
July 5, 1962 and entitled “Jet Propelled Water Craft,” 
which issued May 17, 1966‘ as Patent No. 3,251,185. 

Av power plant 5 drives the drive shaft 6 and a gear 
reduction means 7 is also driven from the shaft 6 and it 
in turn drives the drive sleeve 8 within the housing H. 
A ?rst stage impeller 10‘ is ?xed to the sleeve 8 and 

driven thereby to form a low speed pump or impeller. 
A second stage impeller 12 is ?xed to and driven by 

the shaft ‘6 to form the high speed pump or impeller. 
The outer ends of the impellers are “free” or unsup 

ported ‘by a surrounding ring, and these ends are tapered 
rearwardly to de?ne an impeller periphery which com 
plements and is located closely adjacent to the internal 
shape of the housing in which they are mounted, as will 
appear. _ 

Fixed stator blades 14 aresecured within the housing 
and are located behind the ?rst stage impeller 10, and 
the hub 14a of these blades forms a support for the sleeve 
bearing 14b in which the rear end of the drive sleeve 8 
is rotatably mounted. 

Fixed stator blades 15 are ?xed within the housing and 
directly behind the second stage impeller and the central 
hub 15a of these blades has a sleeve bearing 15b therein 
which rotatably supports the rear end of the drive shaft 6. 

These stators act to “straighten out” the ?ow of water 
after it leaves the impellers, that is, they reduce the cir 
cular movement or spin of the water and direct it rear 
wardly. 
The second impeller 12 may be of smaller diameter 

than the ?rst stage impeller 10 and as previously men 
tioned both have a rearwardly converging or frusto-coni 
cal periphery formed by the ends of their blades. 
‘The rearwardly and upwardly inclined housing inlet 

portion 18 may be of generally constant cross sectionalv 
area in a rearward direction. It will be noted, however, 
that subsequent portions of the housing as it extends rear~ 
wardly from the intake side 19 of the ?rst stage impeller 
may converge or decrease in cross sectional area until it is 
rearward of the last impeller. The housing then converges 
up to the discharge end 3 of the unit. 
The housing closely surrounds and complements the 

peripheral shape of the impellers. 
The “eye” of the pump or unit U is the shaft 6, and 

when the craft is at the dock the net inlet head Ilsv at 
pump inlet is less than atmospheric because this pump 
“eye” is above the water level and also because of inlet 
friction ?ow losses due to bends, intake grill and other 
obstructions and disturbances. 
With the present invention, a multiple-stage hydraulic 

jet propulsion unit is provided which is particularly ef 
?cient at operating speed. In addition, when the craft is 
at dock, the unit will operate with only minor cavitation. 

Various modes of carrying out the invention are con 
templated as being Within the scope of the "following 
claims particularly pointing out and distinctly claiming 
the subject matter which is regarded as the invention. 
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I claim: 
1. A multi-stage, hydraulic jet propulsion unit for water 

borne craft comprising, a housing having a forward in 
take portion for receiving water and a rearward discharge 
portion for discharging water rearwardly ‘of the stern of 
the craft, and said housing having a rearwardly converg 
ing portion, a ?rst stage impeller mounted within said 
converging portion for being rotationally driven, a second 
stage impeller mounted within said converging portion 
and located rearwardly of and of smaller diameter than 
said ?rst stage impeller and in co-axial ‘alignment there 
with, said housing closely surrounding said impellers in 
complementary converging relationship therewith, the ?ow 
rate of the water through the ?rst stage impeller being 
the same as that through said second stage impeller and 
means for rotationally driving said second stage impeller 
faster than said ?rst stage impeller. 

2. A unit as de?ned in claim 1 including stator blades 
?xed within said converging portion of said housing and 
located between said impellers and also rearwardly of 
said second stage impeller for straightening out the ?ow 
of water. 

3. A multi-stage, hydraulic jet propulsion unit for 
water-borne craft comprising, a housing having an inlet 
?ush with the bottom of said craft for receiving water 
and a rearwardly and also an upwardly inclined forward 
portion extending from said inlet, said housing having an 
intermediate portion which converges rearwardly, and a 
rear discharge portion for discharging water rearwardly 
of the stern of the craft, a ?rst stage impeller and a 
second stage impeller both mounted within said converg 
ing portion for being rotationally driven, said second 
stage impeller located rearwardly of and of smaller diam 
eter than said ?rst stage impeller and in co-aXial align 
ment therewith, said housing closely surrounding said im 
pellers in complementary converging relationship there 
with, the ?ow rate of the water through the ?rst stage 
impeller being the same as that through said second 
stage impeller and means for rotationally driving said 
second stage impeller faster than said ?rst stage impeller. 

4. A unit as de?ned in claim 3 including stator blades 
?xed within said converging housing portion and located 
rearwardly of each of said impellers. 

5. A multi-stage, hydraulic jet propulsion unit for 
water-borne craft comprising, a housing having ‘an inlet 
?ush with the bottom of said craft for receiving water and 
a forward portion extending rearwardly and upwardly 
from said inlet, said housing also having a rearwardly 
converging portion, and a rear discharge portion, a nozzle 
connected to said discharge portion whereby said housing 
discharges water into said nozzle, a ?rst stage impeller 
and a second stage impeller both mounted within said con 
verging portion for being rotationally driven, said second 
stage impeller located rearwardly of and of smaller di 
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ameter than said ?rst stage impeller and in co-axial align 
ment therewith, stator blades ?xed within said converging 
housing portion and located rearwardly of each of said 
impellers, said housing closely surrounding said impellers 
in complementary converging relationship therewith, the 
flow rate of the water through the ?rst stage impeller 
being the same as that through said second stage im 
peller and means including an engine and gear reduction 
unit for rotationally driving said second stage impeller 
faster than said ?rst stage impeller. 

6. A multi-stage, hydraulic jet propulsion unit for 
water-borne craft comprising, a housing having a for 
ward intake portion for receiving water and a rearward 
discharge portion for discharging water rearwardly of 
the stern of the craft, a ?rst stage impeller mounted with 
in said housing for being rotationally driven, a second 
stage impeller mounted within said housing and located 
rearwardly of said ?rst stage impeller and in co-axial 
therewith, said housing closely surrounding said impellers 
in complementary relationship therewith, the ?ow rate of 
the water through the ?rst stage impeller being the same 
as that through said second stage impeller and means for 
rotationally driving said second stage impeller faster 
than said ?rst stage impeller. 

7. A unit as de?ned in claim 6 .including stator blades 
?xed within said housing and located between said im 
pellers and other stator blades located rearwardly of said 
second stage impeller for straightening out the ?ow of 
water. 

8. A unit as de?ned in claim 6 further characterized 
in that said housing has an inlet in the bottom of said 
craft and also a rearwardly and upwardly inclined for 
ward portion extending from said inlet. 

9. A unit as de?ned in claim 8 including stator blades 
?xed within said housing and located rearwardly of each 
of said impellers. 

10. The propulsion unit as de?ned in claim 9 including 
a nozzle connected to said discharge portion whereby said 
housing discharges water into said nozzle, and said means 
for driving said impellers includes an engine and gear re 
duction unit. 
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