
D~.si:,.11 ibl~~tl~oci'olog fi) 1. S([ili/lg Iirc,llt.s 
Miss L. EAIIII . .  MOD U K  

The aim of  the work undertaken was to produce a procedure for yacht design. It is 
envisaged that this procedurc shall be offered to UCL undergraduate students for 
t l~cir  ship dcsign cxercisc. This implies that the yacht dcsign procedurc shall nun 
alongside the existing containership and warship design procedures. 

Thc yacht design process like the warship and containership designs shall take 
place in four main stages: 

I .  A dcsign task or rcquirc~nents document shall be set or agreed upon. 
2. Initial Sizing to size the vessel to the desired payload or 

requirements. 
3 .  The Parametric survey to investigate the choice of  hull dimensions. 
4. Design Development to further progress the dcsign in terms of 

powcring, structure. stability etc. 

Designing a yacht from first principles implies detcr~nining the layout 
configuration or configurations desired. and contirrning that the arca criterion can 
bc met for the chosen LOA. The resulting displaccment is detcrlnined by a 
weights analysis. driven by the chosen layout. As such thc level of  detail 
examincd to accurately initially size a yacht is greater than that for a large ship. 

The fact that the developtnent of  the hull dimensions from a known displacc~ncnt 
is not determined in the initial sizing section is to ensure that initial sizing 
produces a yacht sized directly by the requircmcnts. 

In order to provide a parametric survey for this procedure the option of  a dcsign 
dt-i\,en by layout and t11erefo1-c by Bmax. or a dcsign driven by mini~nizing 
resistance havc bccn prescntcd. This should provide the procedure with the ability 
to cater for pure raclng and pure cruising yachts as \vcll as a hi-bred. It s h o ~ ~ l d  be 
noted that the rcsistance for~nulae d o  not cater for an irlcrcasc or decrease in SDR. 

The dcsign devclop~ncnt section of  this procedurc represents the greatest 
proportion o f  the work. However. as mentioned it has bccn presented as  relatively 
linear procedure i.e. one stage feeds to the next. 

In conclusion it is felt that the proccdurc can be used to develop a yacht dcsign. 
The ~nethodology has taken account of  the aim to align this procedurc against the 
containership and Lvarship procedures currently ~ ~ s e d  at UCL. As s ~ ~ c h .  similar 
design phases and milestones have bccn set. 

The validity of  this procedure is perhaps constrained to tighter limits than the ship 
dcsign procedures. Hull statistics formula used to size the vessel, along with the 
rcsistancc fonnula have bee11 specificd as valid f'or LOA o f  51n to 15111. A mcans 
around the initial sizing limitation exists if a yacht is to bc scaled from a previous 
dcsign. However no alternative method for dcte~mining resistance apart from the 
use of  specialist software has becn found. 
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The develop~ncnt of  Integrated Full Electric Propulsion (IFEP) will allow systems 
without the constraint of a large and heal-y rnechanical gearbox to be developed. 
The aim of  this pro.jcct will be to discover some o f  the possibilities that exist in tlic 
development of  frigate configuration through the use o f  IFEP technology. Tlicre is 
a much greater flexibility in the placement of  prime movers using IFEP than witli 
earlier systems. This flexibility is not as great as is possibly thought however. as 
the ~iature of frigate design is such that it will. in all likelihood. remain an 
ul?l?erdcck layout driven configuration. In addition to tliis the problem of  
equipment sire and weight rematns. Tlie dimensions o f  IC'R Gas turbines such as 
W R 2 I  are such that i t  \vould seem extremely optimistic to say that it will fit in a 
three deck frigate. 

Sit/. Hi i l l  C'o~ifig~t~.crtio~i I iri.iirtio~i St~tc/i 
E. GL.\,PTIS Private Student. Circecc 

Side hull configuration is onc of  the most important considerations during the 
trimaran design process. The relatively s~nal l  displacement sidc hulls provide the 
iiecessary intact and damage stability characteristics of the vessel. Given their role 
and the design flexibility in size, shape. location and dimensions. the designer can 
optimize the perfoniiance of  the vessel, whilst meeting the stability rcquircments 
for intact and damagc. 

This project focuses on the possibilities of sidc hull configurations and their effect 
on the vessels stability and liydrodynamic performance. Tlie criteria the vessel has 
to meet and the most important damage cases arc identified. A selection of sidc 
Iiull configuration is done. with the sidc liull dimensions and si7e varied. Three 
scts of  configurations arc obtained. The first two scts examine the effect of 
varying the di~ncnsions wit11 the displacement constant. In tlic final set the 
di~nensions arc kept constant with the displacement varying. The rcsistancc 
cliaractcristics of  every configuration is obtained using the Holtrop & Menncn 
regression method and the vessel is checked for intact and damagc stability Two 
extreme loading conditions of  the ship arc examined. one being ~vlien the ship is 
f i~l ly  loaded and the other when the ship is empty but h l l y  ballasted. 

The ob.jective is to colnparc different side hull configurations and examine the 
effcct of  their sizc and dinlensions on stability and rcsistancc of  the vessel. The 
best side hull case for each configuration is obtained that gives an indication of  the 
ideal sizc and dimensions for the side hull. Finally, the extent of the floodable 
length on each sidc hull configuration is examined. This c\lill provide the naval 
architect wit11 the information on the extent of  subdivision on the sidc Iiull. 

I~ i l~cs t igu t io~ i  of'rhc Efj2)c.t o f ' S i t / ~  H ~ r l l  Georilctl? 0 1 1  PL I I .L~I I IC~I .~~.  Roll Rc.sorirr~ic~c~ iri 
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Once a wave passes along a ship (moving into kvave). the watcrplane changes and 
lience the buoyancy. This change results in the variation of the metacentric height. 
These cliangcs create dynamic instability and due to tliis i~lstability the ship will 
develop excessive roll motions. This phenomenon is known as  para~nctric 
resonance and is governed by a Mathieu equation. 

The concept of parametric resonance has been studied in UCL for tlic last f c ~ v  
years and this thesis is continuation o f  that study. In previous years a tri~iiaran was 
examined with only one position of  side hulls i.e. amidships to main hull. In tliis 
thesis various positions were examined along with different sizc and geometry of  
sidc hulls. 



Initially analytical analysis of  tlie problem kvas carried out using the Matliicu 
equation of  roll motion. The Mathieu equation was modified in the process for 
trimaran configuration. Results obtained from analytical analysis were verified by 
carrying out model tests in the towing tank of  UCL. In addition to that. an 
estimation of speed was carried out to give an idea of the speed range for a 
trimaran at which rcsonance will start. 

At the end of the report a co~nparison was established between trimaran and 
pentamaran hull forms. It was done to check \vhich hull fonii behaves better in a 
roll rcsonance situation. 

A study has been carried out to investigate the use of  commercially available CFD 
software FLUENT 5.5 to model fluid sloshing waves in partially tilled. ~ n o v i n g  
tanks. The aim of  the prqject was to validate the results from FLUENT 5.5 against 
accepted results for the slosliing problern. Mr Neil POLLOC'K took up the same 
project last year using FLUENT 4.31. The software failed to produce any 
meaningtill results'". 

The results presented in this report indicate that although the results d o  not ~ n c e t  
tlie criteria very accurately, they are a big improvement from the results obtained 
ti-0111 FLUENT version 4.32. The main problems seem to be the inability of  
FLUENT to liandle multiphase models accurately arid viscosity cffccts. 

FLUENT. as in prc\.ious years. have claimed that their newer version (vcrsion 6.0) 
has i~nproved capabilities for handling multiphase models. After cotnparing lily 
results with tiiose produced by Mr Neil POLLOCK last year I have no doubt about 
their claim. 

Light 12i~ight Altc~~.ntrti\,c~~ /o P c n r t r r ~ ~ t r ~ . i i ~ ~ / T ~ ~ i r ~ ~ t ~ r ~ t i ~ ~  L3o.x- Str.rrc~tr~~.c.s 
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This report investigates a number of alternatives to the box structure of a 
pentamaran or  trimaran ship. The study aims to generate solutions that offer a 
weight saving ovcr a benchmark steel s t n ~ c t ~ ~ r e .  Two solution routes are 
considered: longitudinal isolation and the use of  composite materials. The loading 
on the box struchlrc is observed to be dominated by local loading on the wet deck 
due to slamming. Following dcsign and analysis of  the alternative structures, it is 
found that longitudinal isolation does not offer any potential weight saving ovcr a 
fully integrated box. Similarly the use of most composite material arrangements 
does not result in a lighter structure. Finally the study examines tlie use of  curved 
face composite sandwich panels. A weight saving is achieved but the result is 
sulject to a number of  caveats relating to the method of  analysis and practical 
integration issues. 

T l ~ r  Ncrt~r~.c~ o f  Fr.rgutc S~zrr~g 
L11 lJTl V,\\T COMVAN1)I R Y. PI R R O N  CF 

Frigatc designs are influenced by a series of  factors ranging from their roles 
(general or specific), their operational capabilities. the through life costs. to the 
technical require~nents such as  availability, reliability and maintainability. 

Frigate sizing associated with a specitic dcsign is not a linear process and i t  
appears that some 'plateaux' exist when balancing the dcsign. These 'plateaux' 
arc associated with tlie number of  'passing decks above machinery spaces'. When 
an increase in capability is added to a balance dcsign. the necessary volume 
demand increase requires a ~iiucli larger balance dcsign. Due to the requirc~nctit of  



150 
stl-uctural strengths. length liniitations arc necessary and the balance solution must 
possess a second passing deck. Putting the conceptual design tool SURFCONO 
tlirougli its paces. this dissertation explores this frigate design curiosity by 
incrementally increasing tlic payload volulnc demand from a baseline ship. Five 
different payload scenarios and a total of I0 different ~node ls  have been conceived 
for this exploration. 

The dissertation discusses the use of  the Building Block Design Methodology. the 
conceph~al design tool SURFCONG and frigate design in general. Several 
discussion points on various areas of  dcsign are illustrated a s  well. These include 
the po~vcring aspect of dcsign. the stability implications and overall design 
limitations bascd o n  dimensions. 

From the resulting balancc ships. it can be seen that plateaux are present in two of 
the t i ~ c  main scenarios. When the design reaches its maximum dcsign length 
(bascd on L!D=13). a sccond dcck requires to be addcd and the vessel balances out 
at a much larger displacement. as expected and known for many years. 

Part of this work was to use SURFCONO. With no previous knowledge. it took 
several weeks for the author to bc comfortable witli the PARAMARlNEO and 
SURFCONO software packages. however. once the teething pains were passed. 
the tools wcre found to be very tlexible. SURFCONO demonstrated a high 
potential for concept design. 

. .l/~/~lic.utio~~ o/'Light\i<eight No 1 . ~ 1  S ~ I . ~ / L . ~ ~ ~ I . C ~ . Y  ill Sl201.s 
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Tliis report details the research on possible application of  novel lightweiglit 
structures used in aeronautical and civil engineering fields to ship dcsign. From a 
wide range of struct~lral solutions it was found suitable for technology transfer for 
the tnlss transverse framed dcck and the hull diagonal grillagc, both from the civil 
engineering field of knowledge. Both applications are illustrated later. 

The truss framed dcck system was applied in two 2002 ship designs. a slender 
Pentamaran main hull and a broader beam aircraft carrier monohull. For a weight 
optimized dcck grillage, weight comparisons were made between beam transverse 
framed and truss transvcrse fi-amcd decks. Depth. cross liielnbcrs angle 0 .  span 
and load effects on weight wcre studied with the following main results: 

For the Pentamaran, the use of  optimum truss dcck system predicts 
\veiglit savings of 20% per ~ ln i t  transverse structure. (,'!,h ( 15 ton) per 
dcck grillage. and O.C)'%, of  ship displacement, resulting in a reduction 
of 1.6'56 in displacement ~vlicn a new balanccd dcsign is generated. 
For the aircraft carrier. the use of optimum truss dcck system predicts 
weight savings of  per unit transverse structure. 20"/0 (X58 ton) 
per dcck grillage. and 8% of ship displace~ncnt. resulting in a 
reduction of  3.3'56 in displacement when a new balanccd dcsign is 
generated 
The direct weight savings offered by truss dcck sys tc~ns  incrcase 
witli tlic lateral load. span and ttuss depth, 
Indirect weight savings, resulting from the fact that sliip systems d o  
not have to contour the transverse supporting structure as  in the case 
of beam framed decks were estimated in 2 and 12 tonne per deck. 
respectively for the Pcntamaran and aircraft carrier. 

The diagonal grillage was applied in the 2002 sliip design Pentamaran main liull. 
For weight optilnised orthogonal and diagonal grillages it was shown that: 



The diagonal grillage is 7.9% lighter than the orthogonal grillagc. 
However. if the transverse frames are not considered in the 
orthogonal grillagc, its weight reduces and the diagonal grillagc 
beco~nes 8.6'%, heavier than the orthogonal grillage. 
The weight savings found in the diagonal grillages result from both a 
reduction in the plating weight. that accounts in average for 63'?;1 of 
the grillage wcight. and the i~se  of lighter longitudinal support bcams 
than the transverse beams of the orthogo~ial configuration. 
If the FLW Pcntamaran is balanced considering the weight of the 
diagonal grillage applied in the main hull, the new balanced ship has 
less 2.Xoh displacement corresponding to a reduction of 137 tonne. 

The co~nbincd cffccts of applying truss deck systems to three decks and diagonal 
grillagc to the main hull of the FLW Pentamal-an design were also considered. 
The wcight savings would be of 123 ton (2.3%) and a new balanced design would 
h a ~ c  less 229 tonne (4.3'b.b) in total displacement. 
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In this report a theoretical nicthod is used to ~iiodel different trimaran appendage 
configurations. The method consists of  a numerical lifting line application with 
corrections to take into account the vessel's boundary layer and fi-cc-surface 
effects in order to calculate the lift coefticient slope of the appendage. which is 
L I ~ C ~  to estimate the damping contribution. 

The numerical method was validated against wind tunnel tests and the o\lcrall 
method was compared with free-dccay tests covering se\~eral speeds and 
appendage dilnensions. showing good correlation. 

Furthermore. a comparison has been made against values fi-oln a linear analysis o f  
each test and against available programs to lnodel trimarans. having obtained 
results closer to the analysis than the existing program. in most cases with a 
difference below 1 ? 'X .  
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The Steel Catenary Riser (SCR) is an attractive solution from an cconolnical point 
of  view for deepwater field develop~nent around the world. The SC'R concept is a 
relatively new idea. the first being installed by Shell on its Auger Tension Leg 
Platforln (TLP) in 1994 in the Gulf of Mexico. Tlicir use has given a new 
dimension to oil exploration and transportation in water depths where Riser 
concepts could not tolerate the environlnental loads or would have beco~nc  too 
costly. The SC'R is siniply Just a long steel pipe which forms a Catenary shape by 
application of  a tension at its top. The Catenary shape of  SCR imposes high 
stresses in the touchdown area: this in turn creates the need to understand their 
behaviour during installation and operation. The need also to acliievc flow 
assurance within the Riscr pipe has resulted in fitting Risers and tlo~vlines with a 
high degree of  thermal insulation. 

This dissertation prc?jcct covers two main parts of  the design of SCRs. The first 
parr involves Riser selection and tlicn designs to help in understanding their 
behaviour. This is achieved by deriving analytic solutions for first thc static 



profile of  the Riscr under the influence of  its self-weight and then for the bending 
moment distribution along the Riscr. With derivcd expressions for the static 
  no del of  thc Riser a full static analysis could then be performed on tlic Riscr. The 
second part involved performing a tlicrnial insulation assessment on the sclcctcd 
Riser, and was donc by deriving an expression for the overall heat transfer 
coefti;cicnt U-value for the arrangement. With a U-value design target of 3.0 
W:n-K. the design involved choosing the correct a~nount  of insulation coating to 
liclp achieve the design purpose. 

Through the results of  the static analysis a good understanding of  tlie Catenary 
Riser behaviour is obtained. It woilld show tliat the Catenary Riser behaves like a 
chain in that tlie amount of  curvah~l-c induced in it is dependant o n  the top tension 
applied to it. The results would also show that tlic stresses at the touchdown point 
area of  the riscr are localized. Similarly. the results of  the tlicr~nal insulation 
assessment would show tliat the flow assurance of  the pipe is achieved cahily by 
application of  an insulation-coating layer. However. it would be found tliat tlie 
addition of  the insulation coating would lead to problems associated with the 
stability of  the Riser. Tlie stability of  the Riscr was achieved by increasing the 
wall thickness of  the pipe, wliicli would turn out to be a costly Incans o f  achieving 
Riscr stability. 

Dr~.clo/~rllc~~zt of N D c . Y ~ ~ I ~  Co11c~yl)t Too1 C I I I ~  its A l~ /d i~ .~ t io l?  to Fu.Y~ Fc~i.~.icl.~ 
.l. Woor)llousr . Private Student. UK 

A study o f  the suitability of  three different liull configurations. the semi- 
displacement monoliull. catamaran and pentamaran. has been conducted witli 
refirence to a range of  fast ro-pax user requirements. The factors investigated 
include: payload weight. speed. material and engine type. witli tlie performance of  
the options being assessed in tcrlns of transport and fuel cost cf t ic iencic  together 
with the rccl~~ircd freight rates as  applied to the Edinburgh to Zccbrugge route. 
Tlic payloads \verc assumed to consist of  combinations of passengers and cars. T o  
aid simplicity tlic inclusion of  trucks has been omitted. 

A concept design tool was developed to aid the study. Predictions for tlie 
geometry. weight. powering and costs were made. as sing a combination of 
algoritlims. User requirements taken from existing vessels. wcrc inputted into the 
computer models. and the results were found to compare favourably. Thc fill1 
details of  each option have been includcd in a CD found at the end of  this report. 
An annex of  tlie more important results is also included. 

The results showed that a range of deadweights, 300-400 tonnes. most suited the 
monohull form. The design drivers were found to be the for the most part the 
Froude displaccmcnt number arid beam limitations. For dcadwciglits above and 
below this range, it was found that the multihull configurations dc~nonstratcd 
superior pcrfonnanccs for machinery type and resistancc reasons. Due mainly to 
the initial build cost. the pentamaran displayed lower through lifc costs than for 
col-responding catamarans. despite the latter form's increased efticiencies. Further 
investigations showed that for liighcr speeds and deadweights CODAG fitted 
  no no hulls pcrfor~ned better than those fitted with medium speed CODAD 
systems. Because of  the large ~iulnbcr of  catamarans currently in operation. it was 
felt tliat the costing predictions for thih hull type could be excessive. A brief 
sensitivity study slio\vcd that small decreases in the stn~ctural costs resulted in 
significant through life cost sakings. It has thus been suggested that thc initial 
costs for all the hull types sliould bc kalidatcd against existing ships. 



Throughout naval history. one of  tlie most ti-iglitening scenarios has been that of a 
fire at sea. Unsurprisingly. tire related disasters in the maritime cnvironmcnt have 
accounted for a large number of casualties over the last 40 years. In general. 
relatively few casualties arc attributed to the flames thernselvcs. It has long been 
known that the biggest killer in most lire related disasters. on land or at sea, has 
been as a result of  exposure to smoke and toxic gases. This thesis provides an 
ovcrvicul of  the fortnation and behaviour of these liarardous combustion products. 
attempting to understand the various phases of  smoke production and tlie resultant 
dangersonboard  a ship. I t  is important to identify tlie advantages and 
disadvantages of  current and future detection equipment with a view to provide a 
~wccis  of  recogni7ed ideas regarding smoke control and ~nanagemcnt. Ultimately. 
tlic dctcction and subsequent clcarancc of combustion products during a fire at sea 
can only be achieved with the t i~nely provision of the rcqi~isite knowledge to aid 
the decision making process. In  addition to the application of effective Maritime 
Fire Suppression Systems. the integration of  smoke detection. containment and 
clearancc systems must be considered as a kcy part of tlie Maritime Integrated 
Safety Management System. Consistently at the forefront of military thinking. 
management of  the 'Internal Battle-space' remains a key issue in a warship's 
ability to achieve its aims. lncrcasingly. the civilian sector is striving to achieve 
compliance with current and h t u r e  regulations for fire-safety onboard. However. 
this is generally only applicable to new ships. Ultimately. recognition o f  current 
research projects can provide a guideline for future researcli and development 
programmes that may. one day. improve the safety record of  vessels \vorldwide. 

The advent of  power electronics in electrical propulsion lor marine applications 
has led to a reduction in the quality of  tlic powcr system voltage and current 
waveforms. Such distortion can affect the operation of  other systems connected to 
the powcr system and some form of pourer conditioning has beco~ne  necessary. 
The aim of  this project was to investigate the application of  the emerging 
technologies of Series Active Filters. Series Activc Filters represent the latest 
powcr conditioners. They have been made possible by the recent developments of  
high powcr semi-conductors. 

The connection of  the Series Active Filter is shown at (Flci.1). In a voltage 
corltrollcd mode. it represents a controlled voltage source which injects voltages 
onto tlie powcr system u~avefortns to correct for voltage distortion. Tlic filter Inay 
also operate in a current controlled  node. Here it represents an active impedance 
\vIiich is zero for the funda~nental currcnt but high for all othcr currents. In this 
latter guise. the filter blocks the flow of harmonics from a load into a powcr 
system. 



Investigations into the Scries Actibc Filter \n.ere undertaken by: 
Development of a Sirnulink model of  the filter including the 
application of a self-tuncd vector filter control system. 
Validation of the completed model u t i l i~ ing  two separate sources of 
power system data. 
Development of  expressions for power rating of  the scries active 
filter. 
Comparison of  the perforlnancc of  the Scrics Active Filter with other 
systems utilized for power conditioning. 
Rcscarch into thc progress of issucs involving the practical 
implcmcntation of  the Scrics Active Filtcr. 

In conclusion. the scrics active filtcr rcprcscnts a cost cffectivc. feasible means of 
power conditioning for the marinc power systcm. particularly when applied to 
condition the low voltage ship service scction of a marine electrical systc111. 

Pi.ogi.c>,c..c. 111 the Drl.c~loj~nlcvlt o f 'NO,  R~d~ict iol l  Tc>c.lu~oIogi(-..\ 
LII L;TI N. \NT J.P. ELLIS RN 

Nitrogen Oxides (NOx) emission is a global problc~n to which shipping 
contributcs significantly. Worldwide NO\ emissions from ships have bccn 
estimated at around 10M tonnes annually. equivalent to 50% of all land-based 
NO, from thc USA or 13n/<~ of total NOx elnissions from fossil fi~els.  NOy 
emissions result in severe ozone dcplction in polar atmosphere and formation of 
photochemical smog and acid rain. The strong ozonc depleting cffect is 20 times 
morc potcnt than CO, and this is why the International Maritime Organization has 
focused on reducing NO\  by acceptance of the MARPOL Annex V1 Regulation 
13. 

Indcpcndent research has been carried out throughout this project to gain a full 
understanding of  thc chetnistry of NO\ formation within combustion engines and 
the effect of  the subsequent emissions on thc atniosphcrc. An investigation and 
review of  all current NO\ abatement technologies pertaining to Gas Turbines and 
Diescl engines has bccn conducted highlighting the ~nechanism by which they 
olxratc and the standards achieved. The examination also extends to emerging 
NO\  reduction tccliniqucs and their potential for fi~ture application. 
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Finally the introduction of  NO, reduction techniques to the Marinc Industry has 
been reviewed with particular focus on the changing legislative requirements. tlie 
practical implications and problems associated with installation onboard vessels. 
and the cost v benefit to ship owners. Whereas the pote~itial exists for introduction 
of  this technology in the marine environment, considerable investment is rcqi~ircd 
by ship owners. It is apparent tliat commercial gains will continue to dominate the 
decision process until legislation becomes more stringent. 

i24c~thorlolo~~. fi)r .~l.s.sc~.s.si~~g the F'irtigicc' L(fi, of ' the Qff,iho~.c> Po\c~v Crrhlc~ 
T.E. ETIJK Private Student. Nigeria 

Gas or rich gas offshore oil fields pose a particular proble~ii to the Exploration and 
Production companies. In tlic established shallow to mcdiil~n depth fields. such as 
those in the southern and central North Sea. fixed pipelines take the gas asliorc to 
terminals for processing and ultimate consumption. However. with marg!nal 
fields, the story is different. as they are not amenable to gas - to pipe held 
develop~ncnt especially more with stranded ticlds in deeper waters. It is unlikely 
tliat the laying of  pipelines to transport the field gas asliorc will be cost effective 
for anything other than tlie largest reserves of  gas and where there is ready market 
Sor the gas. 

Though natural gas fuel is environ~nentally liiorc attractive than crude products it 
is often seen as an unwanted by-product in oil rich fields because of  handling 
problem. It is therefore highly desirable to develop and utilize cost effective 
teclinologics for tlic utilization of  natural gas. Currently, the provcn options 
available to tlic offshore oil and gas companies for tlic disposal o f  tlic natural gas 
arc to reiri.jcct it into the field or to flare it off. Rein.jcction has expense without 
any associated revenue. as it requires additional energy to drive gas compressors 
and flaring is environmentally unacccptablc. 

Potential options for solution arc: 
Gas - to - Liquid. Gas - to - solid and Gas -- to ~vire .  

Duri~ig the 2001!'2002-Ship Design cxercisc. our group implemented the Gas to 
Wire Concept (GTW) using a MonoIii111 vessel. This involves the conversion of 
gas energy to electrical powcr on the floating gas production vessel and tlic export 
of  tlie generated clcctricity ashore via high voltage Subsea cables using High 
Voltage Direct Current (HVDC') transmission to the point o f  sale. 

Thougli our group demonstrated the concept to be feasible, the behaviour of the 
power export cable was the arca that needed careful attention. The main aim of 
this ~ x o j c c t  has bcen to develop a methodology and models for thc analysis of the 
behaviour of  the powcr export cablc by considering tlic operating and the 
cnvironmental conditions using s i~~ipl is t ic  approaches. This analysis uses: 

Simplified Catenary models. 
Boundary layer approach. 
Linear approximations. 
Asymptotic for~iiulac in developing the metliodology. 

In this prqjcct a ,single core HVDC submarine cablc rated at 350kV. OOMW. 
100km ( 1400mm- Copper conductor). is used in the analysis. The cablc hangs 
down from a tloating production and power plant and forms a Simple Catcnary as  
it touches down at the seabcd. West of  Shetland arca of North Sea is used in this 
analysis. 

Tlie objectives have bcen to derive and set up mathematical models to solve the 
elastic Catenary profile. study the area of  operation to determine the 



en\,ironmcntal conditions and loads. develop models for tlie static analysis and 
carry out a full static analysis. use si~nplistic ~nodels  to study the dynamic 
response. These ~nathc~nat ical  models wcrc implemented using Matlab 
programming language. Different modcls for the mechanical behaviour of power 
cables and wire ropes wcrc investigated. The issue of  fatigue was considered 
critical and this was investigated with diffircnt models. 

With tlie Catenary configuration it has been found the there arc two regions of 
concern: 

The vicinity oftlie touch down point where the curvature oftlic cablc 
is highest. 
Tlic top ~vhere  thc interaction between the vessel and the cablc at thc 
tlcxible joint is severe. 

These two points represent point of maximum alternating stress amplitude stresses. 
and cxpcctedly points for fatigue analysis. 

Mechanics of  the submarine cablc. the behaviour of  its constituent members and 
their interaction ~ v i t h  Catenary profile has been studied and used in the static and 
the dynamic response calculations to the environmental and service condition. 
Tlicse responses arc used in the evaluation of  the fatigue lifc of  the cable at the 
critical points. 

It has been identified in tlic studies that there arc t ~ v o  main causes of  fatigue: 
Tlic first order motion. which comes as  a direct result o f  wa\w 
loading transfer motion. 
The second order motion. which is a result of the slow drift motion of 
the floating unit. 

Furtliermorc, the top pretension level applied and the stiffness of the tlcxiblc Joint 
at the top and even the angle of the flexible joint at tlie top makes with the 
horizontal determine the fatigue lifc of  the cable as these two parameters 
affect/modify the Catenary curvature which deter~nincs the stresses. 
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In the fiction book Tl~r  H~ilit,fi)l. 111~' Rctl Oc,tohcl- by Ton1 CL,\N('\,. the Russian 
submarine Rrtl Octohrr is equipped with a Magncto Hydrodynamic propulsion 
systcm. Due to this propulsion system the Rctl Oc,tohrr is the quietest submarine 
at tliat moment in time. This is however a fictional story. The question therefore 
is: 

'Is tlicrc a possibility for a real ultra quiet propulsion systcm?' 

Magncto Hydrodynamic propulsion is a propulsion system which docs not make 
use of  propellers and thcrcforc docs not have the noise created by the blade 
cavitation. Tlic propulsion systcm is based on the interaction between a magnetic 
field and current. which results in a Lorentz Force propelling the ship. Due to this. 
a Magneto Hydrodynamic propulsion system is very quiet and in theory can obtain 
a very high cfficicncy. However thc problem kvith a Magneto Hydrodynamic 
propulsiioi systcm is to create a ~nagnetic field strong enough to propel the ship at 
an acceptable efficiency level. To  achicvc this a high field magnitudc is 
necessary. which can not be achieved with normal magnets. However with the 
rise of Supcrconductivity and High Temperature Superconductivity creating a high 
~nagnitudc ficld is possible. 

The aim of  this project is to assess the properties of Magncto Hydrodynamic 
propulsion and tlic possibility for its real-life i~nplcme~itation. Firstly 
Superconductivity and Magneto Hydrodynamics have bccn resca~~clicd. Tlic inner 
Direct Current MHD propulsion systcm for the lu~ntrfo-l  has bccn modcllcd and 
validated. The Y~r~nuto-I is thc first ship with a MIID propulsion systcni in 
cxistcncc and was built in 1990 in Japan. Furtlicriiiore an in~icr  Alternating 
Current MHD propulsion system has b e c ~ i  modcllcd for thc Ytr~nafo-l and 
compared to the DC MHD propulsion systcm. Both propulsion systeiils have also 
bcen ~nodcllcd as  a propulsion system for a SSK submarine. With a11 these ~nodc ls  
the various parameters have been varied to examine the influence of  these 
parameters. For the modelling Matlab S i ~ n ~ ~ l i n k  has bcen used. The rcsults show 
tlic el'ficicncies for dit'fcrcnt values of thrusters size. magnetic field strength and 
conductivity of  seawater. From these results it can be concluded. howcccr. tliat 
the technology level at the present is not advanccd enough. although Magncto 
Hydrodynamic propulsion looks to be a viable possibility for the fi~turc. 





Air Independent Propulsion (AIP) is fundamental to covert submarine operations 
and has been the sub.jcct of intetlse research over the past century. Whilst nuclear 
propulsion represents the ultimate form of  AIP. for most nations this is prohibited 
due to tlie high cost of devclopmcnt and the infrastn~cture. Smaller nations have 
concentrated on extending the submerged duration using closed cycle heat engines 
such as  Stirling. Diesel and Steam Turbines, and elcctroclicrnical energy 
conversion dcviccs such as file1 cells. All of  these plants are capable of  being 
retrofitted into ageing submarines by inserting illto a new scctiori of pressure hull 
kno\f:n as a plug. 

This thesis exa~nines the current state of  dcvelopmcnt of  cach of  these AIP 
systcnis. Tlic volumetric and gravimetric impact of  each of  the plants with 
increasing endurance is investigated graphically. 

A program has been dcvcloped which utilires a user defined mission profilc to 
in\,cstigatc tlie pcrforniancc of  a neutrally buoyant plug of  300 tonnes in a 
submarine of 1500 tonnes displaccmcnt. The size of thc plug and displaccmcnt of  
tlie si~bmarine \\,ere taken as typical values for a conventional submarinc. These 
\~alucs are variables but were fixed to allow a comparison to be made with 
different systems. The subtnarine propulsion system is configured within a hybrid 
system with the AIP plant supporting tlic lead acid battery for submcrgcd 
operations. The user defines the times at sprint and patrol speed to create a simple 
mission profile and the top speeds for cach aspect of  the profile. The program has 
been further developed to examine the performance of the ALP in tertns of  the 
surfaced period \,ersus submerged period o\:er a 90 day period. Simulations were 
completed with differing profiles to assess the sensitivity of  the plants to difkr ing 
profiles. 

Tlic primary limitation of tlie AIP plant is tlie submerged endurance. which is a 
fi~nction of tlie file1 and oxygen carried. Tlic Inore limiting of  these 2 factors is tlie 
amount of  oxygen carried. The supply of  oxygen via electrolysers and artificial 
gill technology is examined. and the recharging of  the supply tank using a Liquid 
Oxygen (LOX) plant. A LOX plant has been added to the model and the ~ i c w  
indiscretion ratio calculated to assess the utility o f  usi~lg a LOX plant compal.cd to 
carrying extra reactants. 

Both o f  tlic models have been developed in modular form to allow empirical data 
to be replaced with more sophisticated lnathernatical lnodels of each set of  
equipment in any future studies. 

Tl~c~~.rllul C:l.c,lil~g ( ? ~ ' C L ~ I . C ~ I I ~ ~ ( , . Y  
I .  MAKI~IS Private Student. Greece 

Solid oxide fuel cells arc co~lsidcred to be the forward-looking technology in 
power generation. They are clectrochemical energy converters, which transforni 
tlic chcmical energy of  a h e l  gas into clectr~cal energy. The operating 
temperatures are vcry high. in the order of  700°C to 1000 C and as a result a 
variety of  fuels can be processed. The fuel cell contains an anode and a cathode 
with a solid electrolyte sandwiched betcvcen them. This multilayer structure 
usually consists of ceramic and metallic materials. 

It can be realized that the cyclic operation of tlie fuel cells. imposes various 
thcrmal loads. also in cyclic fi-cqucncy, which may lead to failure of  the materials. 
This project sets out to investigate thc behaviour of ceramics under thermal 
loading and cycling using a unique method. Even though a number of techniques 
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have been developed in order to realize the extent of damage occurring in ceramics 
during the thermal shock. none can provide u complete understanding. 

The method used for this project involves the thcrrnal shock of  the component 
using a tbcuscd infra-red heating source whereas cooling is being done by natural 
convection. The apparatus utilized, was developed fhr these experi~ncnts and 
involves radiant heating by way of two hlngsten filament lamps in combination 
wit11 two elliptical reflectors. This way tlie tclnperatl~rc gradients induced arc very 
large, resulting in the maximum thermal shock being itnposcd. Another great 
advantage of this method is that it presents a three dimensional problcm. unlike 
existing methods, and therefore Inanages better to simulate operating conditions. 

The equipment had to be calibrated. mapped and tested before it could be used for 
thermal cycling. The ccralnics used for the cycling are considered to be state o f  
the art materials for the use of SOFC. particularly Yttria Stabilized Zirconia and 
Strontium doped Lanthanum Manganese. Differc~lt gconletrics have been 
considered to examine whether this has any effect in the nor~iial operation of  the 
material. However the main problcni investigated regards the cracking of the 
components after a nun-tber of  cycles due to the change in the tliermal stress 
resistance. which results in the thcrlnal stress exceeding tlie materials stress litnit, 
and therefore the material cracking. There is an attempt to model this problem in 
order to idcally predict the most likely location of  the cracks. 

Fire at sea accounts for approximately 25'!,'0 of maritime casualties and a n  average 
of 30 \essels are lost or co~isidercd constructive total losses every year. Fire is 
perhaps the most daunting incident that can confront the crew and passengers of a 
ship. I t  is the crcw alone who must deal with any fire incident at sea by ~~t i l i z ing  
tixcd sys te~ns  and manual techniques. Howcver, it is not just the fire that must be 
dealt with but the control or containment of smokc. pyrolised gases and toxic 
f i~mes.  Additional to these problems is the safety of  personnel. be they crcw or  
passenger. and the prospect of  their evacuation whilst possibly panicked. in shock 
or in an injured state. 

Considering the extent of  these incidents and losses for which there arc currently 
systems and tccliniques available. this pt.o~ect was proposed in order to rescarch all 
areas relating to tire and smoke within the maritime environment. Due to the sizc 
and scope of  tlic research area the project was divided with another MSc student 
who was to analyse smokc and ventilation aspects. This particular project was to 
cxaminc current systems and investigate areas of ongoing research and 
develop~nent in fire detection, suppression and incident management. The 
emphasis of  the work was to identify potential weakncsscs in the research areas 
and propose issues of  possible future integration. 

The aim of  this pro.ject is to produce a comprchensivc report enco~npassing all tlie 
aspects of  a ~naritinie fire suppression ~nanagcrnent system and bring together 
Inany areas of  significant. yet often isolated research so as to provide a datum for 
progl-cssing the field of  fire management rcscarcli. 

The safcty o f  merchant shipping is regulated by national administrations in 
keeping with agreed International conventions and codes. governed by the 
International Maritime Organisation. Particularly the Safety O f  Life At Sea 
(SOLAS) Convention of  1974 which has the three goals o f  safcty: 



Personnel. 
Machinery. 
The ship. 

This is satisfied by the require~nent for all sliips to classified and to meet technical 
requircmcnts developed by the classification societies. 

In general these technical requirements have developed over Inany years based 
upon identification of  a need as a result of failures and loss of lifi.. Like many 
otlicrs tlic tecl~nical rcquircmcnts pertaining to diesel engine prime movers have 
evolved over many years. 

The fi~ndamental question is whether the current processes and technical 
requirements remain r e l c ~ a n t  and sufficient to ensure the safety and reliability of  
modern electronic engines wlicrc a step change in teclinology is taking place. A 
high level. liolistic review of  the current process and technical requirements. has 
been performed to ascertain whether the they are sufficic~lt to meet both the 
technical rcquirc~nents and guiding philosophy of  SOLAS. 

The thesis colnmcnccs wit11 an overview of the background rcquil-cment for 
assessing safety and reliability of electro~iic engines. and a review the currcnt 
17rocess and technical rcquircmcnts. T1ic relevant tecl~nologies that apply to 
clectronic engines are also discussed. 

A HAZARD Operability (HAZOP) study is performed on two slow-speed ?-stroke 
propulsion engines froiii different manufacturers, Both engines are in service at 
sea and type approved but by independent classification societies. The results o f  
the HAZOP and study of the Rules formation and philosophy is conipared against 
the current process and technology requirements to identify any gaps in the 
methology. 

,411 Ir~~.r.\.rigcrtio~~ i11to the I1e.sig11 of (111 I.Tlllt1cl12rl~>r/ S/iip 
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The shipping industry is again facing a shostage of  manpower. a situation similar 
to the one expcricnccd in the 1960's. which caused the first wave of  widespread 
introduction of  automation on board mcrcliant ships, thereby enabling substantial 
crew reductions tl~roughout the world fleet. 

The automation process has continued at an increasing pace with the introduction 
of  'periodically unattended machinery spaces' and 'integrated bridge control 
systems', which liavc made 'one man on watch' operations possible aboard Inany 
merchant ships. 

However. information overload being expericnccd by seat'arers on highly 
automated sliips. together with the life style due to working watches. limited 
onboard companionship and very short periods ashore. are seen as  sources of 
stress. fatigue and psychological strain. which can compromise the ctt'cctivencss 
of  a crcc\ and consequently the safety of the vessel. 

Further slimlning of crews is therefore highly unlikely, despite the continuing high 
costs of  manpower. and a new concept in ship design and operation will be 
needed. if the present manpower problems and further cost reductions arc to be 
addressed. 

The project aims were to investigate. from technical and economic viewpoints. the 
feasibility of a totally automated. unmanncd ship as  an option to solve the existing 
manpower difficulties at sea. 
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An analysis of  the marine manpower forecast as well as the calculation of  the true 
total cost of  a crew in ship procurement and operation is presented. An 
engineering assessment has been undertaken in key automated systenis and their 
operation pliilosopliics ~icedcd in a ship designed to eliminate the crew in the key 
areas o f  navigation, propulsion and damage control. 

Finally. a co~nplete  ship design is presented and the cost. profitability and safety of  
this new concept will be compared with those achieved by state-of-the-art 
conventional designs. 

With the advent of Integrated Full Electric Propulsion (IFEP) and the reali7ation 
of  an Electric Ship there is a desire to replace hydraulic actuators with electric 
actuators. Particular candidates for this arc steering gear and tin s tabi l i~crs .  The 
Ministry of  Defence is currently investigating aero-deri\:ed units for use in tlic 
marine cn\,ironmcnt!applications. This raises several issues regarding control. 
operation and regulation. Initiatives in industry. transport and aeronautical fields 
suggest that electric actuation of  major systcins in surface ships and si~bmarines is 
a kasiblc idea that could prove extremely beneficial when applied to control 
s ~ ~ r f a c c s .  

Electric actuatio~i systc~iis tend to be more compact than equivalent hydraulic 
systcms and only require an electrical cable to provide power and control. This 
simplifies the arrangement of supplies and connections through bulkheads and 
provides additional potential to niount the actuators outside the hull. 

(Flc;. I )  shows a block diagram of an Electric Actuator ( E A )  system. The daslicd 
box contains the four main parts of the systcms colnponcnts. These arc tlie 
converter, motor. actuator and the control systcln that contains the sensors. 
Although EAs are considered to be a mature technology and are used throughout 
the aircraft industry. they remain a high to medium r ~ s k  in the marine industry. 
Candidate EA tcchnologies are reviewed from the commercial markets and 
assessed for their suitability in the marinc environment. Tlic associated 
components that configure the system. shown at FI(;. l .  arc also co~isidcrcd for this 
study. 

The study investigates currcnt steerage and stabilizer systcms used in tlie Royal 
Naby. in particular, highlighting the Type 13 and how EAs could be integrated 
into the current design. Torque and duty applications for specific platforms wcrc 
also calculated using methods prescribed by Lloyds, DNV and the MOD. The 



results were scrutinized and comparcd with csperimental data gained from an in 
service vessel to ensure correlation between the Classification Societies theoretical 
results. 

Additionally. the study also describes the applicability o f  using novel control 
methodologies for motion stabilisatioli. The potential applications of  using a n  
integrated advanced control system were also considered. by ~~t i l i z ing  the Platform 
Management System and the Combat System with the aim of  improvi~ig the 
operatiolial effectiveness of  the platform. Finally. a concise summary o f  potential 
control system controllers arc reviewed and compared for use with electric 
actuators as  part of  an Advanced motion Control System. 

The firll reports arc held at the University and further information may be obtained 
fioln: 

The I'rokssol- o l 'Na\a l  AI-cliitectill-c 
N a l n l  : \ l - c I i ~ t e c ~ t ~ ~ - ~ .  and hlar i l ie I : ~ i g ~ ~ i c e t . ~ ~ i g  Of l i cc  
I<OOl l l  l l c) 
l)cp:lrltilent o l  Mechanical I.ngincel.lnf 
Unlce1-5ity C.oileec Lonclon 
T01~r111ft011 PI:1cc 
Lol ldol l  
M'(' I l ,  7.11 
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