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Water-Jet Propulsion for High-Speed Hydrofoil Craft

Virein E. Jouxsox Jr.*
Hydronaulics, Inc., Laurel, Md.

Technigues are developed for determining the approximate oplimum water-jet propulsion
system for high-speed hydrofoil eraft. An example system utilizing existing pumps for the

propulsion of an 80-knot 500-ton craft is presented. [t is suggested that a waler-jet system
utilizing future light-weight muliiple impeller double suction pumps may be competitive

with a supercavitating propeller propulsion system.

Introduction

']‘HE propulsion of water craft by passing water through on
board pumps and ejecting it aft with an increase in
mowentum is not a very new idea. It has been considered as
a propulsion method since the invention of mechanical pumps,
but the simpler, lighter, and more cfficient propeller has
monopolized the water propulsion field.

When propeller cavitation or vulnerability to damage in
shallow water is not a problem, it is clear that the simple
serew propeller generally will be superior because there are no
inlet, casing, and nozzle losses to contend with. Further-
more, the weight of a propeller is insignificant, whereas the
weight of a water-jet system usually represents an appreciable
percentage of the gross weight of the craft.

Nevertheless, in the past decade, increasing numbers of
water sport craft are being propelled with water jets. No
doubt, some of the initial attraction is because of the glamour
of the name jet propulsion. However, it seems likely that this
method of propulsion of light, relatively high-speed craft,
will grow in popularity for more practical reasons. Such
craft are capable of operating in shallower water than pro-
pellers; they are much more weed proof than propellers;
they are safer for nearby swimmers; and several ol the cur-
rent designs incorporate 360° directional control of the
nozzle, so that increased maneuverability is achieved.

In the speed range around 35 knots, where most of these
sport craft operate, some modern water-jet propulsion systems
have propulsive efficiencies comparable to screw propellers,
because the cavitation problem begins to deteriorate the
propeller efficiency.  Furthermore, manufacturers have
lightened the weight of water-jet systems by using lighter
materials and more compact designs. Water-jet propulsion
for the sport run-about already is well established and will
probably propel increasing numbers of such craft in the future.

The development of the supercavitating propeller has
enabled the serew propeller to continue to be the primary pro-
pulsor at speeds above 45 knots. However, the propulsive
efficiency ol these propellers is no greater, and sometimes less,
than that of well designed water-jeb systems, but the weight
of the water-jet system currently penalizes it, in favor of the
supereavitating propeller. In spite of this weight disad-
rantage, which inventive development effort will surely
diminish in the future, the advantages of water-jet propulsion
for high-speed hydrofoil eraft are so great that much attention
now is directed in that area.

The designer of a large 80-knot hydrofoil craft using super-
cavitating hydrofoils and propellers must face two immediate
propulsion problems, which are formidable. These are: 1)
Where do you locate a supercavitating propeller with respect
to the foil and base vented strut so that mutual cavity wake
interference is not intolerable? and 2) Can the bevel gears re-
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quired to reliably drive the propellers be developed in a small
enough package to be acceptable?  No doubt tolerable solu-
tions to these problems associated with supercavitating propel-
lers can be found. However, a water-jet svstem solves them
by elimination.

This paper outlines the principles of water-jer propulsion,
meluding a discussion of the various types of pumps, and
presents several preliminary designs for high-speed hydrofoil
eraft. Imphasis is placed on the problem of diminishing the
weight of water-jet propulsion systems.

Analysis of the Hydrodynamie Performance of
Water-Jet Propulsive Systems

Propulsive Efficiency

A schematic sketeh of a typical water-jet propulsion system
isshown in Fig. 1. In the following analysis it is assumed that
the external friction and profile drag of the strut and scoop
are zero or at least are not considered ag influencing the thrust
of the system. In a more refined analysis, any increase in
drag, caused by an increase in strut dimensions vequived
specificially for a water-jet system, must be charged as ¢
negative thrust. Ifurthermore, an additional scoop drag may
be produced because of separation near the leading edge of the
scoop caused by prediffusion or acceleration, and this drag
also should be accounted as a negative thrust.

With the assumption of no scoop or increased strut drag,
the net thrust on the system shown in Fig. 1 may be expressed

T = pQ(V; — Vo) (0
where
T, = thrust obtained by the momentum anaiysis
p = mass density of water
(¢ = flow rate through the system
V; = velocity of the jet leaving the nozzle
Vo = forward speed of the eraft

"The power supplied to the pump to produce this thrust may
be expressed as

P = {pgQIf}/ (1) (2)
where

P = power supplied by the prime mover
g = acceleration caused by gravity

11 = head produced by the pump

7, = pump efliciency

The propulsive efficiency 7 of the system then may be ex-
pressed as

7= (T Vo/P = [(V; — Vo)Van,1/gll (3)

Now, if we express the total inlet and internal energy losses
» 3 23
(exclusive of clevation changes) in the system as k(Vo2/2¢)
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and apply the Bernoulli equation across the system, the jet
velocity V; may be obtained from the following equation

V229 = (1 — kby(Vet/29) +— H — h ®

where # is the difference in elevation between the nozzle exit
and the water surface. Thus,

Vi= Vol — k) + 2gH/Ve) — 2gh/VH) ] (5)

Substituting Eq. (5) into Eq. (3) gives the {ollowing relation-
ship

77//7710 =75 = 2“1 — k— (29/&/@"&) -+
QgIl/ Ve — LV 29H  (6)

Now, we define new variables K and H* such that

K =§k+ 2gh/Vs®» I* = 2gH/V¢? (7
Equation (6) may be wrilten as
7= 2[(1 — K -+ H®'Y: — 1]Vo2/2gH (8}

The relationship given by Eq. (8) is plotted in Tig. 2. An
important point revealed by Eg. (8) is that the efliciency of
the system depends on the parameter K, which iz a single
definitc number for a fixed geometry, and upon the head
selected for the pump. An even more important fact revealed
by Eqg. (8) is that a maximum efficiency exists for a specified
K and thus an optimum value of pump head. This line of
optimun efficiency is indicated by the dashed line in Fig. 2
and may be expressed analytically as

Hopt* = 2K 4+ 2(K)172 )

The results shown in Fig. 2 are extremely important and
useful in the design of an optimum water-jet system, and this
figure will be referred back to many times during the subse-
quent discussion.

Internal Energy Losses

In order 1o evaluate propulsive efliciencies by the methods
presented in the previous discussion, it iz cssential to deter-
mine the factors that influence the parameter K in Tq. (8) and
Tig. 2. Now, N has been defined as K = k + (2¢h/V %), and
it is desired that A be as small as possible; that is, the head
Joss coeflicient &k and the clevation cocflicient should be as
small as possible.

An immediate conclusion is that i so far as practicable
the nozzles should be located as low on the eraft as possible.
This, of course, could be done by ducting water from the pump
back down to nozzles located at some lower level, say on the
strut, at or below the waterfine, so that & = 0. This could
probably be accomplished with only small effect on & by uxing
sulliciently large duets. The weight of these duets and the
water in them obviously would be =0 great as to make such a
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Fig. 2 Hydrodynamic characteristics of water-jet propul-
sion systems.

scheme absurd.  However, it 1s important to note that the
pumps should be located as low as possible so that £ can be
minimized consistent with minimizing the duet and water
weights between the pump and nozales.

The head loss coeflicient, & = 2¢h,/Ve?, for a water-jet
system may be broken down into three major components:
1) inlet, diffusion and turning losses oceurring between the
scoop inlet and the lower part of the strut; 2) friction, dif-
fusion and turning losses between the lower part of the strut
and the entrance to the nozzle; and 3) friction losses in the
nozzle. The majority of the magnitude of & will be con-
tributed by 1).  Methods of determining the actual magni-
tudes of & for cach of these components are outlined in the
following paragraphs.

The efficiencies of various types ol nozzles as reported in the
literature vary from 0.97 to 0.99 with the higher value at-
tained at higher Reynolds number. 1t therefore scemsadequate
to state that the best possible nozzle that can be achieved for
a water-jet syvstem will have an efliciency of .99 <o that its
head loss will be

/Zrz = O(H‘VV,Z/Q(] = (1 — IJC)(V{—UZ,//Z'(/) -1 [[ hand ]i (l();

\

ky = 0011 — by — ks — 2¢h/V® + (2gfl/ V%] (A1)

Since the first four terms in the parenthetical term of Eq.
(11) are fixed for a glven system, it 1s elear that the magnitude
of k3 increases with inercase in the value of 77%; that i, at
conditions immediately after takeoff. Fortunately, however,
g, 2 shows that even large variations in K have only a
small influence on the efficiency at large values of [7*

The magnitudes of £, and %y are made up of an inlet loss
and a diffusion zone followed by a twn (k: may be somewhat
more complicated but for the present purpose it 1z treated ax
stated).  Tor the case of a hydroloil eralt the turn at the
downstream cend of the scoop probably will be approximately
90°. 1t would be desirable to rake the strut forward so as to
minimize this angle, but the forward rake would lead to in-
creased divergence tendencies of the strut. ov & 90° turn the
losses in the turn may be minimized by using turning vanes.
Wind tunnel and water tunnel data on such vaned turns re-
veal that the local loss coefficient for well designed {urns
based on the velocity through the turn is about 6.2, Similar
data on conical diffusers reveal that diffusion losses may be
minimized by inereasing the arca equivalent to a 6° expanding
cone. The loss through such a diffuser is given approxi-
mately by the equation

b = 0.2[(V2 — V22)/2] (12)

Referring to the schematic sketeh in Fig. 3, and using the
loss cocfficients given In the preceding paragraph, the total
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Fig. 3 Diffusor turn loss coefficients.

loss of the diffuser vane combination shown may be expressed
as

hl/V12 = 02[1 - (Al/A2)2] + 02(A1/A2)2 (13)

Since for the case of zero prediffusion or acceleration
V1 = Vo and

hi/(Vo'/29) =k
then,
ki = 0.2[1 — 2(4,/45) + (A1/A42)*% (i4)

Assuming a similar diffuser-turn for the strut loss, it follows
from the continuity equation that

ke == (Al/AZ) ey (15)

Equation (14) is plotted in Fig. 3. The important point to
note is that &, has a minimum value of 0.1 at 4,/4, = 0.5.
Since, for a 6° conical diffuser, this value of 4,/4, = 0.5
would require an impractical length, it is fortunate that the %,
curve is quite flat in the vicinity of the minimum. In order to
establish a method of determining practical values of 4./4.,,
the relationship between diffuser length [ and A; and A, for a
6° conical diffuser, was derived and is given by the following
equation

(Ao/Ap) =1 + 0.150/(4)'"? (16)

Equation (16) also is plotted in Fig. 3. Thus, the designer
selects & maximum practicable value of I, determines 4,/A4,
from Eq. (16) or Fig. 3, and then finds %, from Eq. (14) or Fig.
3. For the case of the strut losses, I would be taken as the
length of the strut and k. determined by Eq. (15).

Maximum Possible Efficiency

For a given hydrofoil craft and speed, the relationships
presented in the preceding section along with Fig. 2 enables
the designer to determine the near maximum efficiency. For
example, the minimum possible value of k, + £, for a hydro-
foil craft utilizing 2-bend diffusers is 0.125 so that

2gh 29H
Kopiw = 0.12 001({1—0. —
5 < 0125 = 599 T Vo2/2g> +

2gh
Vat/2g
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or
Komin = 0.135 4+ 0.01(29H/V®) + 0.992¢7/V %) a7

For a small high-speed boat where h is say 3 {ft and V, =
100 knots, the elevation term is about 0.006 so that K., is
about 0.15. From Fig. 2, fope 18 0.72. Using a pump efficiency
of 0.9 the approximate maximum propulsive efficiency of this
cralt using water-jet propulsion is about 0.65. As given by
Fig. 2, the optimum pump head to drive this craft should be
just equal to the forward velocity head.

For a large low-speed hydrofoil boat where % is say about
21 ft and Vy is 50 knots, the elevation term in Eq. (17) is
about 0.18 so that K is about 0.34. From Fig. 2, i, is
0.63 and using n, = 0.9, the approximate maximum over-all
propulsive efficiency is 0.567. For this craft the optimum
pump head as given by Fig. 2 is about twice the forward
velocity head.

In order to illustrate how the scoop inlet area, pump dis-
charge, nozzle areas, and power requirements are determined,
the last example, shown previously, is now continued with the
further specification that the thrust required at 50 knots is
100,000 1b. The procedure is as follows: 1) Using Eq. (3) and
the value of 7 = 0.567; P = [100,000(84.5)]/([567)(550)] =
27,100 hp; 2) From Fig. 2, as pointed out in the preceding para-
graph, H* = 2 so that H = 225; 3) From Eq. (2) using
H = 225 4, =09, P = 27,100, Q = [(0.9)(27,100)(550) 1/
[(1.96)(32.2)(225)] = 948 cfs; 4) Assuming 2 scoops and zero
prediffusion or acceleration, area/scoop = 948/2(84.5) = 56.2
ft?; 5) From Eq. (), V; = Vo(I — K -+ H*)Y2 g0 that V;
= 84.5(0.63 + 2)V/2 = 137 fps; and 6) Assuming 2 nozzles,
area/nozzle = 948/2(137) = 34.6 ft2

The previous results for this large low-speed boat reveal
the compromise that will have to be made in each design be-
tween propulsive efficiency and weight. The large scoop and
nozzle areas which result at optimum efficiency obviously are
too large and would result in increased strut size and weight,
and water weight aboard the craft which may approach the
absurd. The design should therefore proceed exactly as out-
lined previously following the K = 0.34 line in Fig. 2 in the
direction of increasing H*. It will be noted that the value
of % decreases below the optimum initial value obtained, but
the decrease (although significant) is not extremely great.
The lower discharges that will result from the increased heads
will permit smaller scoop and jet areas and consequently re-
duced strut drag and weight and weight of water on board.
A more detailed example of the approach to the hydrodynamic
design of a water-jet system is presented in a subsequent sec-
tion that describes the preliminary design of a 500-ton 80-
knot craft.

Pump Selection for Water-Jet Propulsion

It is clear that both the propulsive efficiency and weight of
a water-jet propulsion system is dependent on the pump or
pumps selected to produce the optimum head and discharge
determined by the methods outlined in the previous section.
These pumps should operate cavitation free over the entire
speed range at as high a rotational speed as possible in order
to minimize their weight, the weight of the contained water
and the weight of reduction gear requirements.

Pump Types

A useful parameter defining the cavitation characteristics
of pumps is the suction specific speed S given by the following
equation:

S = [n(@)2)/ (%) (18)
where

n = rotational speed

@ = discharge

H,, = total head above vapor pressure at the impeller; re-

ferred to as the net positive suction head
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FFor preliminary design purposes, experience has shown
that if n, @, and I are prescribed in revolutions per minute,
eal/min, and feet, respectively, the approximate maximum
value of S for cavitation frec performance 1 12,000, Since
high pump rotational speeds will tend to decrease the pump
weight for prescribed @ and 17, the maximum possible value of
S is degirable,

Another important parameter, which ix related to the pump
type (that is, centrifugal, mixed flow, or axial flow) is the
specific speed n, defined as

n, = (@)Y H3* (19
where 77 1s the head developed by the pump.

1f the suction specific speed is taken as 12,000 and Egs. (18)
and (19) are combined, the specific speed can be written as

ne = 12,000(H ./ H)3/* {20)

The value of H,, in a water-jet propulsion system depends
on the forward speed, the static lift 4, and the internal head
fosses.  In a hydrofoil eraft installation the maximum thrust
requirement is generally demanded at takeoff speed; fuvther-
more, the power plant is usually capable of producing a con-
siderable inerease in power during the short duration of the
craft takeoff and acceleration. Consequently, if the cruise
head and discharge are maintained constant at takeoff, the
increased thrust requivement can be produced in spite of the
deerease in cfficiency at the increased value of //*. One
method of maintaining the cruise discharge at the reduced
takeoff speed is to epen an auxiliary takeoff scoop. The ad-
vantage of this constant specific speed schedule of operation is
that it insures cavitation free operation of the pump and
maximum pump efficiency at both eruise and takeoff. Al-
though expericnce may alter this schedule somewhat, it
simplifies the present analysis without any important com-
promise.

With the preceding assumption of equal takeoff and cruise
head, it is clear that the lower value of H,, at takeoff will con-
trol the maximum speecific speed of the pump. 1If the takeoff
speed is assumed to be equal to one-half the cruise speed, and
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the head is developed across o single pump stage. the following
expression for pump specifie speed may be derived

33 Jr (l —7*”/{71 — Ag)%(lvoz 2(1) 7:77
(H*)(Vo*/2g)

where Vo 1s the ¢ruise speed.
Using a typical optimum value of [/* = F 3 and by + &y =
0.125, Eq. (21) becomes

ne = 12,000 [(33 + 0.22V2/29 — h)/ (1312 29019 (22)

Figure 4 shows the pump specifie speed at various cralt for-
ward speeds for several values of statie lift as determined from
Eq. 22). The types of pumps associated with these specific
speeds also are shown in Fig. 4. Tt should be noted that the
higher speeific speeds in cach of the ranges of pump types also
could be achieved hy multistaging a higher specific speed
type. Yor example, a single stage, 4700-specific speed, mixed
flow pump, could be replaced by two stages (series) of axial
flow pump, cach having a specific speed of 8000.  Although,
in some cases, series multistaging may be used to simplify the
arrangement of a water-jet tem, the pumyp itself genervally
has greater weight than a single stage unit of lower specific
speed. IFurthermore, the cfficieney of single stage pumps is
generally higher than multistaged pumps particularly if the
single stage unit has a specific speed in the vicinity of 2500.

The efficiency of pumps for various specific speeds and sizes
is shown in IMg. 5. Figure 5 illustrates the advantages of
maintaining the discharge greater than 10,000 gal ‘min and of
operating at specific speeds near 2500.

After determining the optimum pump specific speed by the
methods outlined in the preceding discussion, 1t s necessary
to select the number of such pumps, operating in parallel,
required to produce the required thrust. The total discharge
required may be determined from Eqs. (2) and (3) as

Qtot:l1<(ffﬁ) = ZT,/<P][*I;07-1> (23)

ne = 12,000 [

where T is the total thrust required.

Since the product of the rotational speed and (discharge)'®
are fixed for a preseribed head and specifie speed, it 1s clear
that the development of the entire thrust by a single pump
may lead to unsatisfactorily low values of impeller rotational
speed.  To produce the required head and discharge at these
low revolutions per minute may require very large reduction
ecaring and impeller dimensions.  Figure 6 presents typical
parameters related to the impeller dimensions in terms of the
head, discharge, and rotational speed. The parameters pre-
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Fig. 6 Impeller constants (Stepanoff).
sented are defined as follows
C1 = 2gH/Us*> = (8gH)/(wDe?)
Cy = Q/[A:(2gI1)"1?]

D = D,’/Do

where
us = impeller peripheral velocity
D; = impeller inlet diameter
Dy = impeller outlet diameter
A; = impeller annular inlet area
w = rotational speed in rad/sec

Since C, is approximately defined for a given specific speed,
it is clear that a preseribed II will be developed at smaller
impeller diameters as the rotational speed is increased. Tur-
thermore, since the internal volume and weight of a pump

DISCHARGE NOZZLES

DISCHARGE NOZZLES

COMPONENT ARRANGEMENT

Fig. Typical 80-knot configuration: a) component
arrangement; b) general view (artist’s concept).

J. AIRCRAFT

vary as D¢, it is clearly advantageous to use as high a rota-
tional speed as practicable. Consequently, multiple parallel
pumps are essential to the problem of minimizing the weight
of a water-jet propulsion system required to produce large
thrust. The optimum number of these pumps depends pri-
marily on using sufficiently large pumps (@ > 10,000 gal /min)
s0 as not to compromise efficiency and the selection of a rota-
tional speed compatible with the prime mover, which mini-
mizes gearing weight. Thus, for a prescribed rotational speed,
the number of pumps required N is determined from Egs.
(18) and (19) as

N = [n%Q:(gal/min)]/(n2H?/%) (single suction) (24)

If the discharge/pump, Qi/N, is less than 10,000 gpm,
then consideration must be given to altering the rotational
speed so as to reducc the number of pumps and so increase
their capacity and efficiency.

One method of paralleling centrifugal or low specific speed,
mixed flow pumps so as to achieve higher rotational speeds,
for a specific discharge and head, has been in popular use for
many years in the form of the double-suction pump. This
paralleling is accomplished on a single impeller by allowing
inflow to both sides of the impeller. Such a pump is clearly
advantageous in a water-jet system since it effectively halves
the number of impellers required, that is Eq. (24) becomes

N = [nQi{gal/min)]/(2n2H3'2) (double suction) (25)

One additional scheme for increasing the rotational speed
of the pumps required for high-speed craft utilizing water-jet
propulsion is to utilize a lightly loaded axial flow stage up-
stream of the centrifugal pump inlet and so effectively in-
crease the suction head of the centrifugal stage. The design
of such axial flow inducers has received much attention re-
cently in the development of light-weight turbopumps for
space craft.

Preliminary Design of an 80-Knot 500-Ton
Hydrofoil Craft

Preliminary designs of water-jet propulsion systems for
large hydrofoil cratt operating in the 80-knot speed range
which utilize “‘off the shelf” double-suction centrifugal pumps
have tended to be impractically heavy. For example, a 500-
ton 80-knot craft design, utilizing 12 double-suction centrifu-
gal pumps driven by 6 Pratt and Whitney I'T-4A gas turbines
(operating rotational speed range of 3500 to 4000 rpm, cach
capable of 30,000 hp maximum and 20,000 hp continuous),
resulted in a propulsion system weight, exclusive of the en-
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Fig. 8 Multiple impeller double-suction pump.
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gines, of 150 tons. The thrust requirements of this particular
craft were 400,000 Ib at takeoff and 300,000 1b at the 80-knot
cruise speed.  Clearly, a propulsion system weight that is 3097
of the eraft total weight is not attractive. Tigure 7 is an il-
lustration of the scoop and pump arrangement for this 12-
pump example of a water-jet system for a 500-ton 80-knot
craft.

The estimated 150-ton weight of the previous example may
be approximately broken down into 1) pumps with water, 80
tons; 2) reduction gears, 50 tons; and 3) water in the strut
and other ducts, 20 tons. Thus, in order to reduce weight, 1)
the pumps must be made smaller, 2) the gear box reduced in
weight or climinated, and 3) the pumps located lower in the
strut, if possible. The first two items can be accomplished by
increasing the pump rotational speed and utilizing a larger
number of smaller pumps.

For example, if the methods outlined earlier are used, it
may be concluded that 64 double-suction centrifugal pumps
operating at 3600 rpm will produce the required head and
discharge to meet the speeifications of the design example.
Off the shelf pumps could of course be utilized, but a further
savings in weight will be accomplished by installing some frac-
tion of the total pumps within a single casing with the im-
pellers on the same shaft; for example, 16 impellers per pump.
Such a pump is illustrated in Fig. 8.

These proposed pumps would utilize impellers, approxi-
mately 1 ft in diameter, have an inlet diameter of approxi-
mately 9 in., and the impellers would be spaced approximately
1 ft apart on the shaft. Fabricated of aluminum alloy, such a
pump (with water) would weigh only about 2.5 tons. [Four
such pumps would weigh 10 tons as compared with 80 tons
estimated in the off the shelf 12-pump system.

Liqually important is that these new pumps require no re-
duction gears. Possibly, for arrangement purposes, some
bevel gearing will be required, but these gears will be rela-
tively light, probably less than 10 tons. TFurthermore, these
gears are installed in the hull and not at the lower end of the
strut as is required in a supercavitating propeller systen.

A schematic diagram of a typical arrangement that utilizes
such multiple impeller pumps is shown in Fig. 9. Again esti-
mating the weight of water in the struts as 20 tons, the total
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weight of this water-jet system is approximately 40 tons.
Since a supercavitating propeller system requires both a re-
duction gear in the hull and bevel gears in the propulsion pod,
the over-all weights of the two systems may not be greatly
different.

Once the multiple impeller pump idea is grasped, many
promising arrangements are suggested. One of these is
illustrated in Fig. 10. In this scheme the pumps ave located
vertically in the base of the strut, and so another 10 tons of
weight of water in the strut can be reduced. This idea is
particularly attractive, because little or no ducting is re-
quired to the exhaust nozzle; the jets ave exhausted im-
mediately out the strut base. Deflection of the jet for maneu-
vering and backing becomes very simple. The efficiency of
the system is improved because of the reduced static Iift.
Such a system does face the problem of supplving large power
down a shaft with a flexible support structure.  Furthermore,
the drive arrangements within the hull may be somewhat
complex, but this doesn’t seem to be a particularly difficult
problem to solve. The arrangement will be considerably im-
proved, for example, i a three-strut system were used, with a
single-20-impeller pump, or two 10-impeller pumps in each
strut.

Ceonclusions

Walter-jet propulsion of high-speed hydrofoil eraft ean be
a strong competitor of the supercavitating propeller at high
speeds.  Although, water-jet propulsion eliminates the prob-
lem of locating the propeller, strut, and wing =0 as to avoid
mutual cavity interference and the problem of supplying
large power through right angle drives at the propulsion pod,
new problems associated with scoop inlet design and the de-
velopment of light-weight pumps are introduced. Neither of
these problems are believed to be insurmountable.

The propulsive efficiency of water-jet systems for craft in
the 80-knot speed range is estimated to be approximately
559,. Utilizing the concept of multiple impeller, double-
suction centrifugal pumps, it scems possible to limit the
weight of the water-jet system to approximately 5 to 1097, of
the eraft gross weight. Such a propulsion system is very
atiractive. With adequate research and development effort,
it is believed that these estimates can be achieved.



