WOLFSON UNIT

FOR MARINE TECHNOLOGY &
INDUSTRIAL AERODYNAMICS

YEF - Yacht Engineering Forum 2009

Paper Title:

Avoiding and Solving Problems in Motor Yacht Design
Authors:
Barry Deakin, Senior Engineer, Wolfson Unit MTIA, Southamptatk
Matteo Scarponi, Research Engineer, Wolfson Unit MTIA, SouthamptdK
Abstract:

A large motor yacht is a highly complex systemgérently incorporating new concepts and ground bngak
technology, and the potential for problems is v@igh. Recent projects by the Wolfson Unit have adsed
issues with powering, seakeeping, manoeuvring,enaitbration, back pressure of underwater exhausts,
trajectory of above water exhaust plumes, wind estnén deck, and structural failures. These example
demonstrate the wide range of performance aspeatcdme within the Unit’s field of marine techngyo
hydrodynamics and aerodynamics. The report wiltkoon a variety of design and operational problems
frequently encountered in motor yachts, the redatesting procedures adopted at the Wolfson Unitthe
proposed solutions.
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1.1 Introduction

The Wolfson Unit is a marine consultancy with od8ryears of experience in using model tests aatstto
address design and operational problems with matdnts. Problems may be highlighted during thegtesi
stage if a model test programme is conducted toeaddhe appropriate issues, perhaps becausedigaeie
or owner has some concern over a particular agpéus design. Frequently, however, the work coafésr
the yacht has been delivered, and tests are usdihdoan effective solution to some unacceptable
characteristic of its performance. Such troublehggrojects can be very interesting for the ekpenters,
but of course are highly embarrassing for the desigowner and builder. Although some of the pregos
solutions can be implemented at a low cost, pddityuthose which lend themselves to retrofittimguch
time, money and effort could have been saved hytifiyeng and solving the problem prior to constioot

2.1 Design Problems

Many shortcomings of a motor yacht design can bhlighted at model scale, in the controlled envinent

of a towing tank, manoeuvring basin or wind tunr&r example, the Wolfson Unit has conducted wind
tunnel tests on yacht superstructures to help @sing the levels of wind comfort around deck sggp#ireas
and outside helm positions, or to assist the designcomplying with the requirements for helicapfleght
decks. Figure 1 illustrates the problem that maguoevith exhausts from funnels above the superstrac
Adjustments to details of the funnel structure @lewed the problem.

Another area where tests at model scale prove #alyaous is the assessment of the manoeuvring
characteristics of a yacht. The Wolfson Unit haeaducted several manoeuvring programmes on radio
controlled models, or ‘free-running tests’, in arde investigate the directional stability of a a@nd the
influence of factors such as Vertical Centre ofvdya(VCG) height or rudder angle. Examples of thsts
conducted within free-running programmes are tigniircles, zig-zag tests, spirals, reverse spiaaid
dynamic heel angle tests.
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Fig.1 — Exhaust plume trajectory interfering witle aft end of  Fig.2 — Manoeuvring tests on a model Patrol BoaCimlombo
the sun deck Dockyard Ltd.

2.2 Operational Problems

The performance of a vessel may have been satisfagtiring trials or towing tank tests, factors tsws
seastate, displacement or positioning of the cesftggavity may affect the seaworthiness or comédrthe
newly built yacht. Many Owners and Captains suffiscomfort and even structural or mechanical fegur

in the belief that the problem is unavoidable. Hegre a simple, low cost solution can often transfdhe
yacht's operation without affecting its styling. ©axample is the option of retrofitting bilge ketlseduce

roll motions: as shown in Figure 3, such appendamayg help reducing the roll response by 40% at the
yacht's natural roll period. A further positive eft consists in shifting the roll resonant frequergving the
yacht a longer natural roll period. Model testirggried out at the Unit demonstrates that largeskesluld

not bring a heavy resistance penalty, providedttiet are properly aligned to the flow along thé.hu
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Fig.3 — Variation of roll response with bilge keelpth. Fig.4 - 1:18 scale model, tests at 17Kn in wavebnofignificant
Dataderived from model tests on a 41 metre motor y heigh: no spray rails fitted (top), spray rails (bottc

Towing tank testing can advantageously be used \ahgacht experiences problems with deck wetness and
visibility. These can often be eliminated with timroduction or increase in size of bow spray railke
sequence of photographs in Figure 4 shows a madiariest with and without spray rails. This matacht

was very wet in even a modest sea state, whera gvater and spray was above the bulwarks, but avith
spray rail fitted it was completely dry. The testmbled the rail to be fitted in the confidence ftelocation
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would give good performance in the expected sealitons, while minimizing the visual impact on the
styling of the yacht. The spray rail as fitted yast 100mm full scale.

Fig.5 - effect of trim control devices Fig.6 - ®stt 30Kn, different interceptor depths:
no interceptors fitted (top40mminterceptors fitte (bottom’

Figure 5 shows that optimisation of running trimmotiigh the use of interceptors or trim tabs cantlyrea
reduce the required power throughout the speederaggpecially around the main resistance hump megio
around hull speed. This can be especially impoffianivater jet driven vessels where the efficienéyhe
propulsion system around hull speed is low and eguesntly without trim control the vessel may noabée

to reach top speed. The unit has optimised theimgrinim of hundreds of vessels using trim contd
more recently, parts of the industry have adoptednsmounted topside interceptors for vessel course
keeping.

As the quality of finish, and expectations of owgjencrease, noise and vibration are becoming asingly
important in developing a vessel. Exhaust and engimise are already subject to legislative requirgm
under the RCD, and the expected levels on larghtyare significantly lower than those limits. THgit
has long been associated with troubleshooting ssele experiencing vibration from propulsion maehn

as well as hydro dynamically induced noise, solvimgblems by re-designing propellers, altering kata
flow characteristics, and modifying keel trailinglge shapes. Now, by joining forces with the world
renowned Institute of Sound and Vibration, alsoaid in Southampton University, and specificaliphw
engineers with significant automotive experiencéere noise and vibration engineering is signifiant
advanced, the Unit can offer not just retrospecédeice, but can offer assistance through thepfdject
cycle.

3.1 Conclusions

The full version of the report will present a véyief design and operational issues frequently entzyed in
motor yachts. In each case, the testing procedadepted at the Wolfson Unit and the proposed swisti
are presented. When appropriate model test progesname conducted, problems may be highlighted gurin
the design stage. For example, results of windeltasts on yacht superstructures may prompt thigoer

to revise the layout of a deck, in order to inceeti®e levels of wind comfort around seating arééare
frequently, some unacceptable characteristic cdchtys performance become apparent only after dohty
has been delivered. If this is the case, testsstitiibe used to find a cost-effective solutionr Ezample, a
well-designed towing tank programme can help retyaeck wetness or optimising running trim. Such
examples demonstrate the wide range of performaspects that come within the Unit’s field of marine
technology, hydrodynamics and aerodynamics.
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