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ment of High Speed Marine Transport |
Largest Yet

to meet commercial demands for |

larger and faster craft operating on | A twin shipset of model HM811

more demanding routes has meant the jets, the largest in the current Hamil-
tonjet range, have been successfully

need for propulsion systems with
greater power and reliability". sea-trialed in a 40 metre catamaran

Quote from Royal Institute of Naval
Architects’ - Notice of Waterjet
Propulsion Seminar, Dec. 1994.

Canada. The 300 passenger vessel was
commissioned by the owner of a chain
of hotels spread along the St.Lawrence
River and is being used to transfer
guests between hotels and for whale
watching excursions.

Post-launch sea trials proved the
thrust generated by the jets exceeded
that predicted for this vessel during the
design process, providing speeds ap-
proaching 30 knots in a lightship state.

With a capability of accepting
power inputs up to 3000kW per unit,

Waterjet propulsion is acknow-
ledged in most quarters as the pref-
ferred choice for the majority of such
craft. High speed vessels are growing
in number, size and complexity, neces-
sitating continual development work
by waterjet manufacturers in the fields
of product design and application en-
gineering to ensure successful integra-
tion into all these vessels. To ensure
designers, builders and
operators have the best op-
tions available for these new
generations of high speed =
craft, HamiltonJet hasan &
extensive product develop-
ment programme for the in-
troduction of new models
and features. Expansion of
the product range to in-
clude models suitable for
craft up to typically 60 metres
long is paralleled by the pack-
aging of components such as
hydraulic and electronic control sys-
tems as anintegral and complementary

the HM811 jet incorporates all the fea-
tures found throughout the Hamilton-
Jet range. Engineered into the total
package are the cast intake
and fabricated transition with
standard intake protection
screen and oil cooler for the
hydraulic control systems.
With all the individual propul-
sion functions such as steering,
ahead/astern and manoeuvr-
ing optimised and assembled
into a single package, Hamil-
ton waterjets are constantly
being selected where long
term reliability and ease of
operation are vital prerequisites for
operators of craft such as fast ferries,
oil-rig crew boats and pilot craft lo-
cated in all corners of the world.

MACHINING MODEL HM811 JET PARTS
IN HAMILTONJETS' FACTORY

part of the propulsion system. Op-
timum propulsion options which in-
tegrate simply with other shipboard
systems are the result.
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A Technical and Commercial View of the Waterjet Propulsion Market from

passenger ferry constructed in |

40 metre TWIN HM811 JET POWERED CATAMARAN FERRY
RECENTLY COMMISSSIONED IN CANADA
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New U.K. Base

As a commitment to providing total
quality support for the HamiltonJet
| range in the U.K,, the marine controls
company of Wagner Engineering
(U.K.) Ltd. has been aquired and
| renamed HamiltonJet (U.K.) Ltd.

As increasing numbers of the
company’s jets are being installed in
technically sophisticated craft, close
cooperation with designers and en-
gineers on complex en-
gineering issues is essential
to ensure successful integra-
tion of the propulsion sys-
tem. With over 20,000 jets
installed worldwide, the
HamiltonJet organisation
. has accumulated consider-
able practical information
pertaining to the application
of waterjets to most modern
hull forms. The new company
will have on-line access to this
database to provide a comprehensive
application engineering service
together with spare parts sourcing and
in-field logistic support. In addition to
the HamiltonJet propulsion systems,
the strong market base of hydraulic
steering gear and engine controls from
Wagner and Kobelt formerly handled
by Wagner Engineering (U.K.) Ltd.
will continue to be sold and serviced by
the new company.

Contact details are:

HamiltonJet (U.K.) Ltd
Unit 3E

The Birches Industrial Estate
East Grinstead, West Sussex
RH19 1XZ, Great Britain
Phone: (01342) 313 437

Fax: (01342) 313 438
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FROM THE ENGINE ROOM

penalty, even as the numbers are in- |
creased.
Flexibility
Vessels are often required to have a
dual speed capability such as for low |
speed loitering or high speed boost ap- |
plications. With a relatively low
powered jet installed between the main
jet drives, or other forms of propulsors,
low speed loitering can be carried out
Wa[crjet size and conﬂguratigu for CffCCiiVBI}' with the main engines shut
a particular vessel will largely depend | down. At higher speeds, this system
on the total jet nozzle area and power | can be employed in a boost function
input required to achieve a given | and since a waterjets’ power absorp-
thrust, based on the vessels’ bare hull | tion is independent of boat speed,
resistance. However, the weight and there is no risk of overloading the en-
capital cost of the propul_giun equjp_ giIlC durlng the transition from low to
ment will place certain constraints on high speed. In some cases, the jet
the options that are possible_ The in- booster unloads the propellcrs so that
N— — they operate more ef-
i R ~ ficiently than they
~ otherwise would.

MULTIPLE JETS -
When More is Less

The operational advantages of
waterjets are particularly apparent in
commercial vessels and may be fur-
ther enhanced by employing multiple
propulsors in a single installation.

In an all jet installa-
tion, in the event of
~ one or more jets
being shut down,
there is no possibility
f engine overload-
ng at the reduced
3 speed and also no
el 'dragging" ap-
pendage to contend
with, as would be the
case with a propeller.
The cavitation per-

TRIPLE HM521 JETS IN 20m PATROL CRAFT

creased flexibility and redundancy of a

all jets.
A monohull with triple steerable and

| reversible jets allows simple and effec-

tive sideways manoeuvres together
with the ability to loiter on the centre
jet only. HamiltonJet provide control
systems where the steering is

' synchronised on all jets, eliminating

the complexity of differential steering
and greatly simplifying the control sys-
tem.The necessary redundancy in a jet
control system (eg., back-up control,
multiple power supply etc.) is comple-
mented by the redundancy offered
with the multiple jet configurations so
the temporary loss of one part of the
system would not compromise the
operational capabilities of the vessel.
In fact, many experienced operators
specify multiple jet installations for the
express purpose of maintaining normal
operations, even with one propulsion
system out of commission.

Optimising Multiple Jet

Configurations

The most important factor affecting
waterjet selection is the jet nozzle size
or area. For multiple propulsors it is
the combined nozzle area of all the jets
employed that isimportant. The nozzle
size and the efficiencies of the pump
and intake of the waterjet, together
with wake factor and thrust deduction,
will determine the overall efficiency

formance of the waterjets will
determine the operational
limits with the remaining jets
running - full power may be
maintained to each propulsor
if the boat speed is above the
minimum (cavitation limit)
for the jets.

Controllability

While even a single jet with
it’s independent steering and
ahead/astern deflectors can
provide 360° manoeuvring
capability, multiple jets offer
additional combinations of
translational and rotational
movements such as moving
sideways as well as the added
redundancy.

multiple waterjet installation may
serve to enhance the vessels’
capabilities and in some cases, present
a more viable and economical propul-
sion solution.
The relative ease with which multiple
jets can be configured in most hull
forms gives added flexibilityin terms of
machinery selection and arrangement.

Hull Forms

Ultimately, the particular vessel
hull form/ geometry will determine
whether multiple jets can be con-
sidered in the first instance - for ex-
ample, a fast displacement catamaran
with very slender hull may preclude a
quadruple jet installation. Generally
though, by employing a greater num-
ber of smaller propulsors with the en-

Quadruple jets in catamaran
or monohulls are typically
configured in a similar
fashion to a twin arrange-
ment, with each pair of jets installed in
tandem. One of each pair could be
installed as a boost jet with steering
only capability, although the
preference is that controls remain on

gines staggered fore and aft in the hull,
a compact and accessible machinery
arrangement can result.

Minimum Drag

Conventional propeller installa-
tions are disadvantaged by the effects
of appendage drag. Waterjets, with their
flush inlets, offer no appendage drag
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TYPICALMULTIPLE JET INSTALLATION SHOWING
'STAGGERED' MACHINERY CONFIGURATION

(or P.C.) that is obtainable. Within cer-
tain limits, the larger the nozzle size the
higher the P.C. and consequently

| thrust, at a given boat speed and power

input.



The ’optimum’ nozzle size is that |

which results in the minimum power
input to reach the desired vessel speed.

However, although P.C. improves
with increased jet size, in practice
other factors such as waterjet weight
and capital cost will significantly limit
the extent that this can be applied.

As jet nozzle size increases, the
power required to reach a given boat
speed decreases since the efficiency,
and hence thrust gain, is greater than
the increase in hull resistance due to
the added weight of the jet. However,
beyond the optimum nozzle/jet size,
the increased weight of the jet in-
creases resistance to a point where
P.C. actually decreases as more power
is required to push the heavier jet.

It is therefore necessary to consider
other relevant parameters that will af-
fect the determination of the optimum
jet size, in particular -

- Maximum Transport Efficiency

Factor (T.E.)
- Maximum Overall Propulsive
Efficiency (P.C.)
- Minimum Lifetime Propulsion
Cost (L.P.C.)
Whereas the ’optimum’ jet may return
solely the highest P.C., when opera-
tional criteria such as fuel cost and
consumption, operating hours,
payloads, vessel economic life and dis-
count factor etc. are considered, the
resulting jet selection is usually a com-
promise of a less than optimum jet but
one which achieves the above factors,
over the economic life of the vessel.
HamiltonJet have developed a
software package to select the op-
timum nozzle size on this basis.

Multiple Jet Costs

Generally, cost savings can be
achieved by the installation of a triple
or quadruple installation of relatively
small jets compared with a twin instal-
lation of larger units. This is largely due
to the fact that, in many cases, smaller
engine "series", where the cost/kW is
typically much lower, can be used. Ad-
ditionally, mu]ll-_}cts greatly increase
the scope for engine selection as there
are many more options in the lower
power ranges. From an operating cost
viewpoint, savings in downtime due to
the inherent redundancy of a multiple
installation may be significant, espe-
cially on a commercial vessel and as
spare parts costs tend to be propor-
tional to capital costs, maintaining the
additional equipment should not
necessarily be a disadvantage.

| engines

| and weight. Weight

A Case Study......

As an approximate quantitative
comparison, the chart below compares
a twin and quadruple jet installation in
a hypothetical passenger ferry of the
following specifications -

Length: 28.0 metres (LOA)

Displacement: 70 tonnes (laden)

Nominal Payload: 14 tonnes (160pax)
Design Speed: 35 knots (laden)

Hull Resistance: 80kN @ 35 knots (laden)
Trip Distance: 20 NM

Fuel Load: Equivalent 3 hours running

B
=

(1) Minimum speed for continuous full power
operation (cavitation limit)

For this simplified comparison, the
weights and costs of the waterjets and
have been ’non-
dimensionalised’, with the least costly
and lightest options being given a value
of 1. Interesting points to note for this
hypothetical vessel
are the quadruple jet
option offers savings
in both capital costs

savings would trans-
late to increased
payload capacity

«+....and in Practice

"Alaska Dream" is a catamaran
ferry licensed to carry up to 150 pas-
sengers from Junneau in Alaska to an

| island mine 15nm offshore. The 30.5

metre long vessel, with a laden weight
of 72 tonnes, is powered by quadruple
HamiltonJet model HM422 jets direct
driven via clutches by Caterpillar 3412
diesel engines, each producing 560kW
at 2100rpm. Two propulsion sets are
fitted in each hull and maximum speed
at laden weight is 28 knots.

The vessels’ charter calls for it to
operate every day of the year and some
relevant operational statistics (as at
October 1994) are -

- Commenced operations July 5, 1988.
- 1,751 days continuous service.

- 8,588 total hours underway

- 193,440 nautical miles travelled

- 12,077 one-way trips

The vessel has never missed a trip for
mechanical reasons. The vessel has
been operated on odd occasions on
three jets only due to minor mechani-
cal problems of one sort or another and
it is the inherent redundancy in the
quad jet configuration that allows this.
On three jets, a top speed of 22.5 knots
in laden condition is achieved and this
is above the cavitation limit for the in-
stalled jets. Jet maintenance has been
limited to annual replacement of zinc
anodes and after 8000 hours operation,
| the waterseals were replaced and the

N TTTTS

after fuel load re-
quirements are satis-
fied. The P.C. for
each configurationis
similar so the total
power input - to
achieve 35 knots is
the same and whilst the smaller jets in
the quad installation have lower com-
ponent efficiencies, the total nozzle
area is slightly greater. The quadruple
arrangement also has a greater cavita-
tion margin with the added advantage
of being able to operate safely on 3, or
even 2 jets at full power. The data used
to prepare this study is based on realis-
tic parameters gained from similar
craft presently in service.

QUADRUPLE J E'I' PASSENGER FERRY "ALASKA DREAM

impellers reconditioned.

The quad jet configuration has
played a major role in the vessels’
provision of a continuous uninterupted
service in a remote location.

Reference:

Phillip A. Rae - OpemaonaIExpenence
with Multiple Waterjet Installations -
11th Fast Ferry International
Conference, Hong Kong Feb. 1995

Page 3






