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PREFACE

A highlevd of activity inthe Department of Mechanical Engineering (MEK) characterized the year
2002, in particular by a strengthening of the educational side of our activities. In 2002 a new
performance contract was negotiated with the Technical University of Denmark (DTU) for the
period 2002 to 2004. This contract specifies goalsfor teaching, research and innovation.

The main objective of MEK is to conduct teaching and research in basic mechanics, advanced
design tools, product development, energy systems and marine technology. The Department is
responsiblefor essential parts of the mechanical engineering line of the B.Sc. programmeat DTU
and contributesto the M.Sc. programmesin mechanical, energy and civil engineering.

The MEK Leader Group. From left to right: Geo Clausen, Henrik Carlsen, Lars
Hein, Viggo Tvergaard, Preben Terndrup Pedersen, Ib Misfeldt, Jens Nerkaa
Sarensen, Bo Cerup Smonsen, Peder Klit, and Jargen Fredsge.

Aspart of the ongoing development of the education and training given to future studentsat DTU,

MEK has, together with the Department of Manufacturing Engineering and Management, been
activein creating anew 5-year programme leading to aMaster degree in engineering with special

focuson Design and Innovation. Thiseducation is centred on MEK' s strong research group within
product development. We believethat product devel opment and innovation isgoing to be centrally
placed in future commercial competition and that our future candidateswithin thisareawill have a
key roleto play in theleading companies. The main focus of thisprogrammeison activitiesrelating
to technical innovations. The students will gain an understanding of the basic requirements for
establishing a business and ways to compete, based upon innovation. They will acquire skills
related to the most important factors that influence the goals of: costs, quality, environment and
lead-time and the education and training will focus on the creation of innovative technical solutions.
Tomaintain the growth inthe wind turbineindustry that hastaken place during thelast 10-15 years,
the industry and research institutions require an increasing number of engineers. Denmark is a
leader in research, design, construction and manufacturing of wind turbines, holding 50% of the
world market. Wind-generated electricity contributed more than 13% of the Danish electric energy
consumption in 2000. It is on this background that MEK has established an M.Sc. programmein
Wind Energy. The aim of this teaching programme is to educate highly qualified students and



combinetopicsfromtraditional civil, mechanica and electrica engineering. TheWind Energy teaching
programme focuses on skills that qualify graduates for employment in the rapidly growing
international wind energy sector, e.g. wind turbine manufacturers, utilitiesand research institutions.

In December a poster competition was organized for Ph.D. studentsat MEK. In
total, 40 Ph.D. students participated. The jury consisted of CEO Peter Suun
Petersen, MAN B& W, CEO Klaus Ostenfeldt, COW; and Rector LarsPallesen.
The picture shows the Rector awarding the first prize, atravel grant, to René
Hardam Christensen.

Theresearch activitieswithin MEK include the following core aress:

Solid Mechanics

Fluid Mechanics

Energy Engineering

Engineering Design

Maritime Engineering

Indoor Climate

Coastal and River Engineering
Selected activitieswithin these research areas are mentioned in thisannual report. Research at the
Department isto a large extent financed by external funding. In 2002, 36% of the Department’s
activitieswerefinanced through national and international research contracts, contractswith national
agencies, aswell aswith industrial companies. However, the national funding of energy-related
research within the energy sector has seen areduction during the report year due to the decision of
the Danish Government to reduce national energy research programmes.

Preben Terndrup Pedersen
Head of Department



FEATUREARTICLES
TheViking Two-Stage Gasifier

Energy Engineering

The Biomass Gasification Group (BGG) at MEK has built an automated thermal gasification power
plant at DTU. Theplantisfuelled entirely with CO,-neutral biomass.

Thermal gasification isaprocesswhereby solid fuelsare converted into ahydrogen-rich combustible
gasthat can be consumed by internal combustion gas engines, turbines, burners and possibly fuel
cells. Inthisway, the corrosive ash content of the solid fuel isremoved, alowing higher temperature
conversion for heat and power production with ahigher overall efficiency than would be possible
by e.g. plain combustion of the biomassin aboiler.

The two-stage gasification process developed at MEK isuniquein that it produces essentially ho
tar. Tar isformed during theinitial heating of thefuel, convertingitinto char (pyrolysis). Thetoxic
and sticky tar in the gas produced isamajor challenge for most other gasification plants. With two-
stage gasification the process of pyrolysisand the process of gasifying the char have been separated
intwo reactorswith an intermediate high temperature zone (>1100 °C) causing the tar moleculesto
disintegrate.
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After 14 years of research, development and optimization, the newly commissioned Viking gasifier
marksabreakthrough in thermal gasification. The plant isrunning automatically, fuelled by wood
chipsand feeding its gasto agas engine. Asthe only known gasification plant, condensate from the
gasis clean enough to be accepted by standard biological sewage treatment plants. Dust and ash
particles are collected by a bag filter and contain only traces of tar. Commissioned in August, the
plant has been in power production for 780 hours during autumn 2002.



Per sonal Computer sPollutel ndoor Air

I ndoor Environment

The use of personal computers (PCs) intheindoor environment hasincreased dramatically in recent
decades. The office environment and work habits have subsequently undergone great changes,
leading to a substantial amount of time spent in front of a PC. At the same time, the number of
complaints concerning headache, fatigue, etc. among individual sworking with PCs hasincreased.
Light, static electric fieldsand electromagnetic radiation emitted from the PC have been suspected
of causing the complaints, but research to date has provided no conclusive support for these
hypotheses. New research resultsfrom the International Centrefor Indoor Environment and Energy
show that the reason for the complaints among PC users can be air pollutants emitted by 3-month
old PCs.

In these studies, human subjectswere exposed to air polluted by chemical emissionsfrom PCsthat
had been in use for 3 months. They performed typical office work using old low-polluting PCs so
that their productivity could be measured, and assessed air quality and their health-related symptoms.
The studies were blind, i.e. the subjects did not know to what they were being exposed. PCs
consisted of amini tower and acathode-ray-tube (CRT) monitor.
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Experimental set-up with six 3-month old polluting PCs present or absent

Theresults showed that indoor air quaity issignificantly reduced in the presence of polluting PCs,
that subjectsworked nearly 10% less efficiently when polluting PCswere present in the office, and
experienced more health-related symptoms, compared with the condition in the office when the
polluting PCswere removed.

A large number of chemical swere emitted from PCs, and, although individually their concentrations
werelow, collectively they were enough to bother people. The main source of pollutionis probably
electronic components, especialy those placed on the CRT monitor, as they operate at elevated
temperatureswhich are the driving force promoting release of odorous compounds, plastic additives
and flame-retardants.

The present results indicate that PCs may be an important, but hitherto overlooked, source of air
pollution indoors, negatively affecting comfort and productivity of office workers. Although
decreasing with time, the pollution emitted by PCsisstill significant after oneyear, whichisaround
1/3 of thelife expectancy of an average PC.



Thermographic view of a CRT monitor and itsinner electronic parts

The results imply that ventilation in spaces with PCs, for example office buildings, call centres,
internet cafes, data processing facilities and even some private homes, needs to be increased in
order to handletheair pollution from the present stock of morethan half abillion PCsworldwide. To
lighten this pollution burden, future PCs should be reconstructed to minimize the emission of air
pollutants. Local exhaust, cleaning of air or personalized ventilation can also be used to reduce the
concentration of pollutants emitted by PCs.

New studies have already been undertaken to further evaluate and understand the impact of air
pollution produced by PCs and other electronic equipment prevalent indoors on human health,
comfort and productivity. In one of them, emission rateswere measured from several popular brands
of PCs, including CRT monitorsand thin-filmtransistor (TFT) flat monitors, aswell as TV sets. The
results support the findings for PCs with CRT monitors and show that their emissions are much
higher than emissions of air pollutantsfrom PCswith TFT monitorsand TV sets.



KAPPEL Propeller
Maritime Engineering

Shipping isthe dominant form of transportation, carrying approximately 80% of world trade. Thisis
because, despite air, road and rail, most of the long distance and agreat deal of the short distance
transportation is made by ships. Thisincludesall kinds of goods, from highly industrial products,
meat, and fruit to grain, ore, and oil.

Safe and efficient ships and seatransportation are essential for the modern world. Thesetopicsare
dealt with in the Section of Maritime Engineering at the Department of Mechanical Engineering. One
of thetopicsispropulsion of ships, in particular propellers. The propeller must transfer the power
generated by the ship’ sengineinto power to propel the ship with aslittleloss as possible. Worldwide,
thetotal power installed in shipsisapproximately 6,800,000 kW and the annual fuel consumptionis
morethan 7,000,000 tonnes. Even arelatively small increasein efficiency will meanalargesavingin
oil, accompanied by asimilar reduction in the emission of exhaust gases.

The KAPPEL propeller isanew, innovative propul sor with higher efficiency than aconventional
state-of-the-art propeller. Whereas traditional ship propellers have blades modelled on the basis of
helical surfaces, the KAPPEL propeller has modified bladetips smoothly curved to the suction side
of theblade. Thereisaparallel development within aircraft design where many modern aircraft, from
high-performancejet linersto sophisticated gliders, have similar modifications of thewing tipsin
theform of winglets. These are separate lifting surfaces attached more or |ess perpendicular to the
wingson thewing tips. Numerical methods, aswell asexperiments, show that the effect of winglets
istoincreasethelift-drag ratio of thewing.

Aircraft have relatively well-defined design conditions such as climb, cruise and descent. Theflow
to the propeller ismore complicated sincethe propeller worksin the flow abaft the ship hull. Thisis
in particular the case for single screw ships. At each revolution a section of apropeller blade will

experience ahighly varying inflow. This meansthat the pressure on the hull variesin time, giving
rise to noise and vibrations in the ship. The pressure variation is exacerbated by cavitation, a
phenomenon that occurs when the suction of the propeller locally evaporates the water.

One of the challenges of the KAPPEL propeller design was the optimization of the propeller with
respect to efficiency. When modifying the geometry of the blade tip, relative to a conventional
propeller, it was of paramount importance that the beneficia effects of the modified blade loading
were annulled by the detrimental influence of friction on the relatively larger blade areain thetip
region. This optimization was made on the basis of numerical fluid dynamics by which theflow field
around the propeller was computed and hence the performance of the propeller. The calculations
were complemented with model experiments. Further model tests were necessary to examine the
interaction between ship hull and propeller, in particular the extent and time history of cavitationand
the pressurefield on the ship hull. On the basis of avast number of calculationsand comprehensive
model testing, adesign was devel oped for a35.000 dwt product carrier.

A full-scale KAPPEL propeller for this ship was manufactured. It wastested at seaimmediately after
testswith the conventional propeller originally designed for the ship. Both seatrialstook placein
April, off the coast of Portugal, in good weather and under comparable conditions. The results
confirmed the model test predictionsthat theimprovement in efficiency of 4 per cent aimed at was
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achieved. Furthermore, the pressure pulselevel wasdlightly lower with the KAPPEL propeller than
with the state-of -the-art comparator propeller.

KAPPEL propeller behind the 35000 tdw
product carrier M/T Nordamerika of
Dampskibssel skabet Norden, A/S

Numerical boundary element model of KAPPEL propeller.

The project was partly sponsored by EU and included: J.J. Kappel Marine Concept, Danish Maritime
Ingtitute, Department of Mechanical Engineering DTU, Stone Manganese Marine, Hamburgische
Schiffbau-Versuchsanstalt Gmbh and Dampskibssel skabet Norden A/S. DTU wasresponsiblefor
thetheory and software of the design and optimization of the KAPPEL propeller.



Sail Liguefaction

Soft marine soilsunder high waves may undergo a processwhereby the soil grainsbecome completely
free, and the water-sediment mixture, asawhole, actsasafluid. Thisprocessiscalled liquefaction.

Under this condition, the soil (fine sand, silt) fails, thus precipitating failure of the structure. With
the soil partially/completely liquefied, buried light pipelines may float to the surface of the seabed;
heavier pipelines laid on the seabed may sink in the soil; offshore structures may settle; large
individual blocks (such as those used for scour protection) may penetrate into the seabed; sea
mines may enter into the seabed and eventually disappear.

Thekey question hereis: given the soil and given thewaves, will there be any liquefaction potential/
risk for the soil supporting the marine structure, e.g. apipeline, agravity structure, abreskwater, a
pier, apile, or ascour protection structure? This question has stimulated research in the area of
marine civil engineering over the past two decades.

Marine soil liquefaction isone of the areas covered by the Coastal and River Engineering Section

inMEK. Thefollowingisalist of the topics studied under thistheme:

«  Sinking/flotation of pipelinesand other objectsin liquefied soil under waves.

« Liquefaction around aburied pipeline under waves.

* Influence of liquefaction (in partialy/fully liquefied soil) on scour, another failure mode of
structures.

e Liquefaction of soil under the rocking motion of abreakwater.

¢ Liquefaction of soil and resulting scour under the rocking motion of piles

¢ Numerical moddling of wave-induced liquefaction

The Section has also coordinated an EU research programme on this topic, namely Liquefaction
Around Marine Structures (LIMAS), under the EU Framework Programme5. The programme covers
the period 2001-2004, and is undertaken by a consortium consisting of ten members, from academia
and industry, from seven different European countries. The specific objectives of the programme
are(1) toinvestigate the potential risks of failure of marine structures dueto liquefaction; and (2) to
prepare and disseminate practical guidelines, to beformulated from the present research programme,
taking into consideration all state-of-the-art knowledge. Although the majority of the projectsin
LIMAS deal with wave-induced liquefaction, one project focuses on earthquake-induced liquefaction
and itsimpact on coastal structures, with special reference to the 1999 Turkey earthquake. The
following web address can be consulted for further information about the programme:
http://www.isva.dtu.dk/limas/limas.html
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New M. Sc. Programmeon “ Design & Innovation”
Engineering Design

In September 2002, DTU opened itsdoorsto 60 eager studentsin the new M.Sc. programme“Design
& Innovation”. Prior tothis, atask force of ten colleaguesfrom MEK and IPL had worked intensively
for over ayear to prepare this new education. Its scopeisto further innovation and progressin the
development of products, systems and services in industry and in society in genera. The new
education isintended to addressthe challenges of dynamic changesand new patterns of interaction,
and to fill the need for innovative products and solutions, balancing a synthesis of technical and
social aspects.

“Design & Innovation” isinitself aninnovative addition to DTU’ seducational profile, and should
enhance our ability to attract more students. It istherefore interesting to look into the background
and the motives of the new prospective students, and to learn whether a new group not hitherto
attracted by the ordinary DTU education portfolio, even if fully qualified, hasin fact beenidentified.
A survey conducted by the Centre for Engineering Educationa Development (CDM) at DTU shows
that 70% of the studentsin “Design & Innovation” would not have selected to study at DTU had
the new education not been available to them.

The new education is project-oriented and itsaim isto develop the students’ creativity and ability
to synthesize, through a confrontation with complex project tasks. The projects require engagement,
professional insight, knowledge of methods, and good cooperation skills. Projects and cross-
disciplinary learning is a unifying concept throughout the Design & Innovation education.

Throughout the year, agreat effort has been invested in developing and practising the key feature
of disciplinary integration, whereby the disciplines of basic engineering science areintegrated into
the more practice-oriented disciplines, in combination with constructive and motivating project
work. Furthermore, care has been taken to monitor the extent to which the education matchesthe
expectations of the students. Generally speaking, expectations have been met and even surpassed
up till now, but of course certain challenges have arisen in implementation. Throughout our start-up
period the new students, who have created a fine social network, have enthusiastically provided
constructivecriticism.

Many colleaguesfrom MEK have participated in the conceptualization and coordination of Design
& Innovation, to the benefit of both the students and the central group, the “design initiators”. It
seemsasif both students and staff are still very enthusiastic, and ready to continue devel oping the
new programme. Itisagood indicator that until now no students haveleft the group: all 60 students
who set out in September 2002 completed the first semester successfully, and are now under way
with the challenges of the spring semester. The group “designinitiators’ iscurrently finalizing the
plan for the 3rd year, and for the concluding two M.Sc. years of Design & Innovation, and aso
finaizing the agendafor the supplementary research programme.

Theillustrationsin thistext aretaken from Design & Innovation’ sfirst semester project work. The
students were set the task of designing and building a scale prototype of a covered shelter for
outdoor market salespeoplein Copenhagen. These designswere based upon adetailed analysis of
the social and technical needs of the users and the project is designed to combine the students
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newly learned skillsin technical/perspective drawing, mechanics, materia s selection and workshop
techniques for model-making.

Trapez Form

Fojexrion 1150
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MAJORRESEARCHACTIVITIES

Research activities of the Energy Engineering Section

Head of section: Henrik Carlsen
Phone: (+45) 4525 4323
E-mail: bh@mek.dtu.dk

Research

Themain research topicsare design, analysis and optimization of thermal systems, including power
plants, refrigeration, district heating networks, engines (internal combustion and Stirling engines),
emissions (engines, combustion and vehicles), fuels (aternative and conventional); biomass
gasification plants, energy storage and industrial process networks.

Laboratory experiments, design and manufacture of pilot plants, and fiel d tests of existing systems
arean important part of the research activities.

A general field of research isthe development of mathematical models and analytical methods by
means of numerical simulation for the analysis of thermal systems and processes, emphasis being
placed on process optimization, energy efficiency, and automatic control.

Gasturbinesfired indirectly with biomass

The use of solid fuels for gas turbines has always been an interesting, but difficult, option. This
combination will make it possible to use cheap fuels and still benefit from the advantages of gas
turbines, i.e. high efficiency, low maintenance costs, and compact design. With the recent
commercialization of microturbines, the scalability of gasturbines has been shown to be an added
important advantage.

Conventional gasturbinesrequire clean, fluid
fuels for internal combustion. Therefore,
gasification iscurrently the leading technology
intheuseof solid fuelssuch ascoal or biomass,
in gas turbines. However, these systems are
quite complex and the gas produced requiresa
highlevel of cleaning.

In the present project, another technology, fae s s I | | @ o
using indirect firing of a gas turbine (IFGT), et I
has been studied, making use of high-level e @
simulationtools. Plants @] v e e

based on thistechnology have been operating
on cod, mainly in Germany, during the period
1950-1980. However, dueto low efficiency, the
technology is not very interesting at present.
An important result of the study is that an i
IFGT will be attractive for the treatment of D@ _________
wastewater, in respect of both energy and
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economy. AnIFGT will convert thewholefue into power and flue gaswith similar efficiency to that
of current technology. This differsfrom other technologiesthat do not convert the main part of the
fuel, i.e., thewater, and thusinvolve extracosts on transportation.

The research has been financed by the Danish Energy Agency, the Nordic Energy Research
Programme, aswell asthe Process I ntegration Committee.

Energy-optimal capacity control and supervision of refrigeration systems

Through aproject financed primarily by the Danish Energy Agency, amethod has been established
for operating intelligently with floating set-points in an integrated capacity control scheme of
refrigeration systems.

Theoverall control problem (minimizing thetotal power consumption of active components, given
temperatureand cooling load) istrandated into how to cal culate so-called “ energy-optimal secondary
set-points’. In practical terms, it isamatter of determining temperature of secondary coolants, of
evaporation, and of condensation.

The secondary set-points are “paired” with Energy Optimal Condensing Temperature
the active component to which the process ata Danish Brawery
coupling is strongest. The dynamics of the  —
controlled loops are tuned so as to diminish -
crosscouplings. Another element influencing
the energy operating cost is “precise
diagnostics’ —or lack of the same. It hasbeen
proven that the on-line use of rather simple
energy balances can diagnose very precisely
the airflow problems through coils, using
existing instrumentation.

Theuniversity isassisted in this project (ESO)
by the participation of a number of Danish
companies.

Lyl rmpfumeamy By
| |

Selected research topics

Simulation and processintegration
Development of mathematical models and methods of analysisby numerical simulation.

I nter nal combustion engines
Modification of fuelsand enginesto reduce their emissions; application of new fuelsand lubricants.

Stirlingengines
Optimization of engine performance; operation on natural gas and renewable fuels such as wood
chips and biogas.

Gadification
Virtually tar-free gas is generated from straw and wood chips for use in small gas-engine-based
cogeneration plants.

16



Refrigeration

Substitution of CFC and HCFC refrigerantswith natural refrigerants; energy optimization of domestic
industrial refrigeration plants.

District heating
Field measurements of heat lossesand operational optimization of distribution systemsfor district
heating.

Power plants, combustor and boiler technology

Development of new or improved processes and computational toolsto be used in the design and
operation of power plants.
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Resear ch activities of the Solid Mechanics Section (FAM)

Head of Section: Viggo Tvergaard
Phone: +45 45254273
E-mail: fam@mek.dtu.dk

Main research topics concern the mechanics of materialsand the strength and dynamics of structural
components and systems. |n materials mechani cs the work includes basic development of materia
models for inelasticity and damage, as well as applications in the areas of fracture mechanics,
delamination of thin surface layersand metal forming.

The structural mechanics areaincludes vibration analyses and advanced design using optimization
methods. The design of MEM S (MicroElectroM echanical Systems), based on the Finite Element
Method and topol ogy optimization, has also become amajor activity.

Delamination of thin films

The mechanics of thin film delamination is theoretically challenging and it has a wide range of
applicationsfrom wear-resistant diamond-like-carbon (DL C) coatingson metd substratestowireless
electronic technology. Experimenta observations of delamination modesin a DLC coating of a
thickness of 123 nm are showninthefigure.

By means of the focused ion beam technique, cuts through the film are introduced, leaving the
substrate unaffected. M easurements of buckling profiles around these cuts are used to extract the
interface fracture toughness and theresidual stressesin thefilm (in excess of 2 GPain compression).
In turn, measurements of buckling profilesfor the uncut film, coupled with calculationsfor circular
delaminations, show that the telephone cord del amination mode rel eases more energy than circular
or straight-sided delaminations.

A theory for the causes of circular and straight-sided delamination that developsinto thetel ephone
cord delamination, and the mechanics involved in the propagation of this delamination, has been
developed.

18



Designing bandgap materialsand structureswith optimized dynamic properties
The careful placement of several material phasesin amulti-phase system (amateria or astructure)
can be used to create the so-called bandgap phenomenon. A bandgap means that gaps are present
inthe band structure for wave propagation in the system. In other words, there are certain frequencies
for which waves cannot propagate - an effect that can be used to great advantage. Bandgaps may
exist for periodic or near-periodic systems when the contrast between the properties of theinvolved
materiasis sufficiently large and they appear for both elastic/acoustic waves (phononic/acoustic
bandgaps) and for el ectro-magnetic waves (photonic bandgaps). The purpose of this project isto
apply advanced optimization techniques (topology optimization) to design improved bandgap
materials and structures, and the project focuses on some promising directions with application
areas appearing bothin MEM S (MicroEl ectroMechanical Systems) for micro-sizefilters, resonators,
and waveguides, as well as in larger structura components, e.g. for vibration isolation, sound-
damping barriers, etc.

FREJA-project. Application of advanced material modelsfor the analysis of
metal-forming processes

Metal-forming processes such as sheet drawing and powder compaction have been studied using
advanced material models. For sheet drawing, the grains and the orientation of the grains are
individually represented in crystal plasticity-based analyses of the macroscopic stress response
and devel opment in surface roughness. In modelling powder compaction, both localization of plastic
flow during compaction and sintering are studied. Thefocusfor the sintering study hasbeen onthe
3D evolution of relative density and sintering stressesfor spherical particlesin body-centred cubic
particle packing.

Selected resear ch topics:

Design of microstructuresfor stability
Globally stable porous cell structures are designed using topology optimization and Floquet-
Bloch wavetheory.

Topology optimization for snap-through and bi-stability
Systematic design of bi-stable MEMS devices for switching and energy conservation purposes.

Non-local plasticity
Non-local plagticity theoriesare used to model size-effectsin metals. Some of the areasinvestigated
aremetal matrix compositesand crack problems.

M odelling of powder metallurgy processes

Localization of plagtic flow inthe form of shear bandsin aporous metal undergoing compaction has
been studied. Furthermore, the micro-mechanical behaviour of spherical metal particles during heat
treatment has been analysed - a process known as sintering.

Dynamic effects of mechanical high-frequency excitation

Theoretical and experimental studies on the changes that strong high-frequency vibrations may
cause to essential properties of mechanical systems, e.g. their equilibrium positions, natural
frequencies, stability, stiffness, and friction properties.

19



Design for stiffnessand strength with orthotropic materials
The combined design of density, orientation and boundary shape is optimized to obtain maximum
stiffness and/or minimum el astic energy concentration.

Optimizingtheacoustic sensitivity of fibrelasers
Designing a package enhancing or reducing the sensitivity of fibre lasersto acoustic vibrations.

Raller chain drivedynamics
Development of models of roller chain drivesin order to analyse the dynamic behaviour of the
system and the contact forces, especially in marine diesel engines.

Effect of anisotropicplasticity on fracture
Crack tip blunting aswell asfailure by debonding from inclusionsis analysed for different
orientations of anisotropic axes.

Fatiguecrack growth
The blunting-sharpening mechanism for crack growth under cyclic loading is studied in terms of
alargestrain numerical analysis.
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Resear ch activities of the Maritime Engineering Section (MT)

Head of Section: Bo Cerup Simonsen
Phone: +4545251377
Email: vj@mek.dtu.dk

Thethreemain research areasare

¢ Hydrodynamics. Various aspects of the behaviour of wavesand currentsare modelled, for
exampletheinteraction of wavesand currents at restricted water depth. Moreover, wave
loads on ships and propeller hydrodynamics are dealt with.

¢ Solidsand structures. Dynamic elastic behaviour ismodelled aswell as non-linear behaviour
dueto crack propagation, buckling and material plasticity.

¢ Riskandrdiability. Theaimisto determinerisk profilesand failure probabilitiesfor various
systemsin operation.

Onboard monitoring and decision support system for safe ship operation

Today focusisincreasingly on safe and sustainable ship transportation of goods and passengers.
While significant improvement can be made in the design phase, the role of the captain is of the
utmost importance for safe, comfortable and efficient transportation. To assist the captain, accurate
information on the current status and reliabl e predi ctions of the magnitude of motions and stresses
within the next few hoursasafunction of seastate, heading and speed isvery valuable. Thereby the
possihility of seasickness, lost cargo, fatigue damagein structural members and wave-impact loads
may be minimized. In damage conditionsfollowing acollision, grounding or fire, theinformation on
water inflow and ship stability isalso of vital importancefor the salvage of the ship and the rescue
of the passengers.

Research at the Maritime Engineering Section on onboard systems concentrates on the devel opment
of robust and accurate models for the prediction of wave-induced loads on ships and on the
formulation of proper interface and calibration models for the onboard measurements of motions
and strains. Thework iscarried out partly within the EUREKA MONITUS project and partly under
the Danish EFS project SeaSense.
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Fully nonlinear water wavesin deep and shallow water

A new theory for describing the dynamics and kinematics of fully nonlinear water waves has been
developed at MEK. The theory belongs to the so-called Boussinesq family but in contrast to
conventional formulations, which arerestricted to weakly nonlinear shallow water phenomena, the
new formulation isapplicablefor fully nonlinear wavesin deep aswell asin shallow water. The new
theory is not a frequency domain formulation (such as e.g. Stokes theory and Stream function
theory) and it isnot restricted to ahorizonta seabottom. This makestheformulation very attractive
e.g. for the description of the vel ocity and pressure profilesin nonlinear irregular waves. Asafirst
practical engineering application, the model isat present being used to develop design criteriafor
offshorewindmill foundations exposed to irregular wavesin shallow water. Other morefundamental
investigationsinclude model ling the highest possible solitary wave; partial reflection from arippled
sea bottom; reflection and blocking of wavesin opposing currents; 2D Benjamin-Feir instabilitiesin
deep water waves; 3D horseshoe instabilitiesin highly nonlinear deep water waves (see Figure);
and wave bresking in deep and shallow water. The research is supported by the Danish Technical
Research Council (STVF), and the Danish National Research Foundation.

Gty

Selected resear ch topics:

Waves
Behaviour of waves at restricted water depth or interaction with ships[117, 41]

Hydroeasticity of ships
Determination of wave-induced hull girder vibrationsin stochastic sea-ways. [118]

Hydrodynamicloadson offshorestructures
Application of a Navier-Stokes solver with free surface modelling for calculation of the loads on
horizontal offshore structural membersin the splash zone.

Propeller design
Development of methodsfor the design of optimal propellers. [123]
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Dynamicsand damping of structuresand materials
Modelling of damping mechanisms[7,125] and radiation boundary conditionsin infinite domains
(34

Residual strength of damaged sandwich panels
Prediction of delamination growth in sandwich structures by fracture mechanics or continuum
damage mechanics.

Collision and grounding damageto ships
Modelling of collision and grounding frequencies, structural damage and the following
consequences. Development of new crashworthy ship structures. [16, 50, 53, 46, 25]

Monitoring of structuresand ships

Update stochastic |oad models, design models, operation procedures, and mai ntenance strategies
by current statistical analysis of the simultaneous stochastic process signals.

Structural reliability methodsapplied to general technical risk analysis
FORM, SORM, and simul ation combined with Bayesian network methods. [22, 21, 26]

Valuesettingsin technical decision problemsand public acceptancecriteria.
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Resear ch activitiesfor the Coastal and River Engineering Section

Head of Section: Jargen Fredsge
Phone: +4545251407
Email: jf@mek.dtu.dk

Research

Teaching and research on hydrodynamics comprise the interplay between nature and man’'s
intervention, for example river regulation, coastal structures, the influence of large construction
works on the environment, dispersion of effluent wastewater, and hydrodynamic forces on structures
and their response. The research is often aimed at gaining a better understanding of the physical
processes (e.g. turbulence, suspension of sediment or wave breaking); it involves devel opment and
application of numerical models and experimental work in the basin and flumes of the 2500 m?
hydraulic laboratory. The research has been focused on subjects related to sediment transport and
morphology and to structures.

Sediment transport and mor phology of river sand coasts

For coasts, the hydrodynamic studies deal with waves and turbulencein the surf zone, wave-driven
currents and exchange processes. Sediment transport under strongly transient conditions and the
resulting morphological changesis studied experimentally and by modelling. Topicsinclude the
morphological development of longshore bars and of sandy spitsand bed formsin the coastal area.
Theresults of the research are used as the basis for improved engineering toolsfor the design and
understanding of coastal protection structures, beach nourishment schemes, harbours and
navigation channels.

For rivers, the morphology of bed formsisinvestigated by numerical modelling. Theresearch also
involvesthe effects of structures on theriver morphology and study of the detail ed three-dimensional
flow and sediment transport patternin straight and curved rivers.

Offshoreand coastal structures

Theflow around dender structuresin waves and currents, the hydrodynamic forces and the response
of thestructure are studied experimentally and through modelling. Theloca erosion around structures
under different hydrodynamic conditions has been studied extensively in laboratory experiments
and by use of numerical three-dimensional flow models devel oped in the Section of Fluid Dynamics.
Scour protection in the form of loose stones has been investigated to describe the conditions and
risk of failure near the edge of the protection.

Selected research topics

Wavesand scour around low crested structures
Thewave climate and resulting scour around the roundhead of alow-crested offshore breakwater is
investigated.

Scour in (partial) standing waves

Thescour infront of avertical breakwater isinvestigated by using a3D flow description of reflecting
waves.
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The development of sandy spits
A theoretical and experimental investigation of the processes that govern the dimensions and
shape of an accumulating sandy spit.

Sand wavesin tidal current
A numerical investigation of the detailed morphologica development of sand waves in a tidal
current.

Morphology of longshorebars
Numerical modelling of the hydrodynamics, sediment transport and bed development to describe
the evolution of alongshore breaker bar and the development of alongshoreirregularities.

Liquefaction

The wave-induced groundwater flow in silty sediments due to rocking of the structure, e.g. a
monolithic breakwater element, and the resulting pressure build-up and eventua failure due to
liquefaction.

Stability of graded armour layers
The pick-up of smaller units of armour blocks covered by larger blocksis studied in oscillatory flow
and breaking waves.
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Resear ch activitiesof the Fluid M echanics Section (FM)

Head: Jens Narkaa Sgrensen
Phone: 45254314
Email: jns@mek.dtu.dk

Applied research topicsfocus on two main areas: aerodynamics of wind turbines and flow-related
industrial process equipment. More fundamental research in fluid mechanics includes laminar-
turbulent transition, aero-acoustics, rotating flows, room convection, and biological flows. In
computationa fluid mechanics (CFD) we use both in-house-devel oped and commercia codes, and
in experimental fluid mechanics (EFD) we use mostly optical methods, suchasLDA, PIV, stereo-PIV,
LIF, andLSV.

Danish Academy in Wind Ener gy (DAWE)

DAWE is a new Ph.D. research school
established in 2002 by the Danish Technical
Research Council as a collaboration between
DTU, Aaborg University, Risg National |
Laboratory and the Danish Hydraulic Ingtitute.

The secretariat of the school is located at

MEK. 8
Theoverall goal of the school isto strengthen

research in wind energy in order to maintain

and strengthen the leading position held by

Danish industry in this area. This will be

accomplished by attracting the best students

and internationally recognized guest

researchersto participatein research projects [
within the field of wind energy. The goal is
that 20-30 Ph.D. studentswill beinvolvedin
the research school and that the school will be
the hub in a network covering all Ph.D.
studentsin thewind energy areain Denmark.
The school should eventually enhance the
synergy and collaboration in research between
the collaborating partners. Further information
can befound at www.dawe.org.

Laminar-tur bulent transtion

Flows are often neither fully laminar nor fully turbulent. Instead, aninitialy laminar flow undergoes
transition and becomes turbulent only after encountering e.g. astructure. Especidly for aerodynamic
and turbo-machinery flows, transition is of great importance. Hence, correct modelling of the
transition processis a prerequisite for determining “stall” for awing. A range of transition types
exists, of which the two extremes are called “natural”, and “bypass’ transition, respectively. The
first typeis caused by small perturbationsin the flow, whilethe latter isassociated with free-stream
turbulence and/or surface roughness. Transition in wind engineering flows and turbo-machinery
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flowsisamost always of the bypasstype. Natural transition istheoretically well understood. Linear
stability theory can be employed and the Orr-Sommerfel dt equations predict transition with good
accuracy. Bypasstransitionisavery active areaof research. Linear stability theory cannot be used,
sincetheflow perturbationsare not “ small”. Instead, semi-empirical relations are resorted to.

Flow in ventilated spaces

Local airflow, and heat and mass transfer within ventilated spaces are interesting from a fluid
mechanical point of view becausethey involverecirculating flowsand large turbulenceintensities.
Our ongoing research aimsat an increased understanding of these characteristics. Experimentally,
we consider mainly small-scalewater modelsto obtain full-field information of velocity (LDA and
PIV) and concentration (LIF) distributions. We use proper orthogonal decomposition (POD) to
examine dominant flow-structures. Computationally, we use CFD to model, in full scale, the
experimental set-ups. Also, we consider complex geometries (detailed human body) as well as
complex physics (homogeneous and heterogeneous chemical reactions) that occur in indoor
environments.

[62],[70],[158],[159].

W OOy Tl Wit ERCHional SInsETIENGS

Experimental fluid dynamics
Variousfundamental flow cases are studied using optical measuring techniques, such asLDA, PIV
andLIF.[43],[51], [58], [80], [132], [165].

Aero-acoustic moddling of tur bulent flows
Modelsfor noise generation and emission of turbulent flows are being developed. [149], [218].

Wind turbineaer odynamics

Various aspects of wind turbine aerodynamics are studied using state-of-the-art Navier-Stokes
compuitations. [32], [63], [64], [94], [95], [109], [133], [150], [152], [195], [196], [201], [208], [214].
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Databaseon wind characteristics
The database has been enlarged with four new categories of data: time series of wind characteristics
and wind turbine responses, wind resource dataand wind park data. [191], [198].

Dynamicsand breakdown of vortices
New ideasfor understanding vortex breakdown aretested and compared to experimentsand numerical
simulations. [49].

Biological flows

Solute coupled water transport in the small intestine is studied in a collaborate project with the
August Krogh Institute. Ciliary sieving and pumping in suspension-feeding animalsare studiedin
collaboration with the Marine Biological Research Center, University of Southern Denmark. [37],
[39].
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Resear ch activitiesfor thelndoor Environment Section

Head of section: Geo Clausen
Phone: +454525 4025
E-mail: gc@mek.dtu.dk

Research

The Indoor Environment Section constitutes the core of the International Centre for Indoor
Environment and Energy, established in 1998 on the basis of a10-year contract between the Danish
Technical Research Council and DTU.

The Section’ sinterdisciplinary research programme aimsat devel oping design criteriaand innovative
technical solutions for the creation of healthy, comfortable and productive indoor environments
that satisfy human requirements at low energy consumption. Many research projects involve
exposure of human subjectsto single or multiple indoor environment parameters and subsequent
observation of the effect on their comfort, health and productivity

Per sonalized ventilation systems

We are engaged in the development and optimization of personalized ventilation solutions, an
approach that improves the air quality in the breathing zone of the occupants. This has great
potentia for reducing the overall outside air supply rate whileimproving occupant comfort, health
and productivity. Initial studies on a prototype of a system showed very promising results. New,
more efficient designs of systemsfor providing occupantswith personalized air are being devel oped,
based on both physical experimentsand the most advanced measuring equipment (breathing thermal
manikins, Particle Image Velocimetry, Laser Doppler Anemometry, etc.) and human subject
experiments. Animportant aim of thisresearch isthe development and eval uation of strategiesfor
coupling the personalized ventilation systemswith total volume systemsthat will ensure the quaity
of the background indoor environment and minimize airborne transmission of infectious agents
between occupantsin both buildings and vehicle compartments.
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Particles

Over 150 epidemiological studies have reported significant associ ations between outdoor airborne
particle concentrations and excess mortality and morbidity even at moderate levels.

However, despite these well-established correlations between outdoor particle levels and health
outcomes, there are no comparabl e studies showing such associationsfor indoor particles. Particles
(both airborne and deposited) have traditionally been excluded from most indoor environmental
research. We are addressing therole of indoor particlesfor perceived air quality, SBS symptomsand
productivity; the design and operation of ventilation systemsto limit unwanted exposureto airborne
particles; and the indirect impact on occupants of particles deposited on surfaces or collected on
filters

Selected research topics

Indoor environmentsand human comfort, health and productivity[62, 70, 73, 74, 75,
87,88,89,99, 105,112, 148, 168, 185, 186, 187]

Buildingsthat make their occupants feel unwell are unacceptable. Extensive field and |aboratory
studies are ongoing to identify what makes healthy buildings.

Human responseto low humidity[174]
Previous studies at the Centre have documented that |ow humidity improvesperceived air quality in
spaces. But how low alevel of humidity isacceptable for humans?

Thermal comfort duringther mal transentsand during exposureto combinations
of thermal parameter s[20, 106, 110, 142]

In modern buildings very complex thermal conditions may occur and often these conditions change
during the day. This research studies the effects on thermal comfort of thermal transients and
combined thermal exposures.

New strategiesfor individual control of theenvironment [42, 92, 93, 122]

People are different and haveindividua preferences regarding theindoor environment.
Strategies and technical systemsare devel oped to accommaodate these differencesthrough individual
control of the microenvironment near aperson.

Significanceof sorption processesfor indoor air quality
Sorption of chemicals on indoor surfaces may be asupplement to ventilation in striving to remove
pollutantsfrom theindoor air.

Combined exposuresto several indoor environmental parameter s[69, 173]
Development of models for the prediction of human response to simultaneously occurring loads
from noise, thethermal environment and poor air quality.

Pollution sour cesin ventilation systems[96, 97, 170, 171]

Wearerethinking how air shall be handled in tomorrow’ sbuildings. Thisincludestherole of HVAC
componentsin air-handling systems, of ducts and of the air distribution system.
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Resear ch activitiesof the Engineering Design Section

Head of Section: LarsHein
Phone +45452562 63
E-mall: lh@mek.dtu.dk

Research in the Section for Engineering Design and Product Development (K& P) iscarried out in
fivekey aress:

»  Product Development
*  Engineering Design

*  Control Engineering

*  MachineElements

*  Mechatronics

Our research covers both the object of product development (the product) and the process of
product development itself. Product areaswefocus on arelargely from the mechanical, mechatronic,
and el ectro-mechanical sectors.

Our research at K& Pisvery much synthesis-oriented with emphasis on innovation throughout the
engineering design and product development processes. The use of laboratories and the MEK
central mechanical workshop is thus essential, for both research projects and for student work.
Furthermore, we collaborate extensively with trade and industry, testing research results in a
professional business environment, and engaging staff from companiesin educational activitiesat
DTU. Typical partners from industry include major Danish companies such as Bang & Olufsen,
Danfoss, Novo Nordisk, Oticon, and Nokia.

The Section is actively involved in the organization of a number of conferences and networking
activities, including the international “Design Society” and “Norddesign”, the national
“Konstruktionsdagen” (conference on engineering design), “ Produktudviklingsdagen” (conference
on product development), “Mekatronikdagen” (conference on mechatronics) and an annual two-
day conference on machine elements, “ STATOIL-seminaret”.

Selected research topics

Multi-product development

A focus on product platforms and modularisation as a means for multi-product devel opment, i.e.
product devel opment with planned utilization of previous and forthcoming product variants (re-use
and pre-use) aswell as planned variety and commonality of product families.

Product development in distributed teams

The exploration of working patterns and resultsin team-working across large distances and cultural
boundaries. Thisincludes an investigation of both the obstacles and the new opportunities when
workingin globally-dispersed teams, leading to an understanding of the toolsand methods required
for such activities.
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Eco-design

Theintegration of an environmental strategy in every stage of the manufacturing organization, from
top management to the details of the product development process, requires a detailed and
coordinated effort. This research area focuses on both the analysis of the process and the actual
integration of tools and techniquesinto the product devel opment activity, in order to effect positive
environmental change at the right stages of the product’ s developing profile.

Autonomousagricultural machinery

The environmental impact of agricultural production isvery much in focus, while the competition
demands high efficiency. Some years ago, weeding was done manua ly without the use of pesticides.
With the devel opment of an autonomous agricultural vehiclewith sensorsfor weed detection, it will
again be possible to avoid the use of

pesticides. Thedevelopment of autonomous agricultural machinery exploresthis challengethrough
applying the mechatronic and robotic expertise of the Section to the problem.

Product variant master design

Many manufacturing companies are expanding their product range by producing variants to suit
individual customers. Thegoal of thisresearchisto identify avariant master or atemplatethat can
serve asthebasisfor designing customer-specific variantsin amodern feature-based CAD system.
The variant master consists of four elements: core models, variator models, rules and property
models.

Design languages

The application of information technology playsacrucial rolein achieving theindustrialization of
engineering design. The goal isto contribute to the next generation of CAD systems, focusing on
theimprovement of synthesisand documentation. To be ableto synthesizein aninterplay seemsto
require the existence of design languages that alow the designer to “spell” a design solution
formally in such away that properties can be derived from adesign model.

Evaluation and decision in design

The development of aDesigner’ sWorkbench has shown the need to enlarge and refine the theoretical
foundation in the area of evaluation and decisionin design. Thegoal of the project isto createthe
theoretical basisfor the development of computer toolswithin the Designer’ s Workbench concept,
in order to support the engineering designer in decision-making.

Modelling and contral of non-linear dynamicssystems

Most mechanicd systemsare actudly nonlinear systems. However, the mgjority of currently available
control techniques suffer from being mainly applicableto linear systems. This makesthese methods
sensitiveto nonlinearities. Of interest in thisresearch arethe problemsinvolved in applying nonlinear
control techniquesin nonlinear mechanica systems. The nonlinear control methodsinclude feedback
linearization, variable structure control, adaptive control and fuzzy control.

Synopsis

Thisisanetwork project that has been funded for three years, and focuses on the establishment of
aframework for integrated innovation in product system and service development, in collaboration
with the Centrefor Industrial Production (CIP) based at Aalborg University.
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TEACHING PROGRAMME

MEK studies
MEK offersteaching programmesin the topics covered by the Department at undergraduate, graduate
and Ph.D. levels.

The topics covered by MEK are mainly in the fields of mechanical and coastal engineering. The
teaching programmeisquite comprehensive, covering coastal engineering, naval architecture, material
and structural mechanics, indoor environment, energy systems, fluid mechanics, engineering design
and product development.

DTU offerstwo separate teaching programmesin engineering in parallel. Oneisthe 3.5-year B.Sc.
programme and the other isthe 5-year M.Sc. programme. MEK isresponsiblefor aconsiderable part
of the curriculum in mechanical and energy engineering aswell asin design and innovation.

Teaching methods
A broad range of teaching methodsis employed at MEK, i.e. lectures, classroom teaching, course
work, project work and |aboratory experiments.

A number of our courses utilize computer analysis, simulations and CAD/CAM-modelling. Using
the newest computer-based tools is given high priority, partly to provide students with the most
updated knowledge and partly to make our candidates attractive to industry.

For the bachelor students emphasis is placed on the use of commercial software, while master
students are trained in the use of advanced development tools.

Thenew curriculumin Design and Innovation
In 2002 anew curriculumin Design and Innovation was established at DTU. The departments|PL
and MEK areresponsiblefor most of the coursesin the new curriculum.

The new study representsin several waysarenewal of theteaching methodsat DTU. Thestudents
work in groups of 15 persons, and each group hasits own room (home base). A significant part of
the study is carried out as problem-based studiesin the groups.

Thetraditiona discipline-oriented teaching, which iscommonin other curriculaat DTU, isin Design
and Innovation substituted by problem-based teaching/learning.

Itisforeseen that the experience gained from the newly established Design and I nnovation curriculum
will influencethe“classic” curriculaat DTU. The Center for Didacticsin Engineering Education
(CDM) at DTU ismonitoring the learning processes to eval uate the “pros’ and “cons’ of the new
programme.

Evaluation of theteaching programme

All the courses are eval uated through DTU teaching intranet. Theaimisto obtain input from which
further improvementsin the courses can be made to the mutual benefit of teachersand students. As
part of the evaluation process, the Head of the Department and the Department Study Board
examinethe evaluation resultsto see whereimprovements are required.
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Generally the evaluation results are very satisfactory. The students are happy with the academic
level and with theworkload in the courses.

Pedagogic achievements—going from teaching tolearning

Thenew curriculumin Design and Innovation

As mentioned above, the new curriculum in Design and Innovation is taught according to very
modern pedagogic/didactic principles. Asan example, acoursein basic mechanicsand materialsis
outlined below:

- Thecourse considers a specific product, which is examined, described and analysed by
the students. Thedisciplinary teaching isthereby substituted by problem-based learning.

- Theteaching staff comesfrom different departments, thereby establishing the foundation
for mutually beneficia teaching cooperation between departments.

- Theknowledge gained by the studentsin this courseisrequiredin order to solve problems
in project course work running in parallel, where students design a structure with both
strength and functional requirements.

Course objective

The course objectiveisto give the students an understanding of the complex rel ations between the
function, the geometry and the material in a product, taking into account also the manufacturing
process. The students are introduced to the basics of mechanics and taught how to estimate the
stiffness and strength of simple components. Furthermore, they areintroduced to materials science
aswell asto methods of material selection for simpledesigns.

Teaching methods
Various teaching methods are adopted in the course, i.e. from lessonsto |aboratory experiments.

The lessons are well suited to give the students an overview of the main subjects. However, it is
important that they are motivated to receive the lesson taught through specific problemsrelated to
aspecific product.

The most effective learning takes placein group work.

Evaluation

At the end of the course the students must pass awritten examination. In view of the renewal in
teaching principles it may seem that the evaluation method is quite conservative. However, the
curriculum of this courseis of the outmost importance from a product safety point of view anditis
important to ensure that all students have satisfactory knowledgein thisfield.

Teaching strategies
Based on the experiences gained in the Design and Innovation curriculum, other courses at MEK
will bereshaped.

TheB.Sc. curriculum, in particular, will becompletely atered. A main objectiveisthe use of problem-
based learning.
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Together with CDM, MEK is taking part in an initiative originating from a cooperative project
between thetechnical universitiesin Sweden and MIT. The objectiveisto reshape the mechanical
engineering curricula at the universities. The basic concept is problem-based learning in aform
called CDIO (conceive, design, implement, operate). The CDIO concept isin many respects closeto
the teaching concept in Design and Innovation.

Development of staff pedagogic/didactic competencies

The cooperation between MEK and CDM on the B.Sc. Mech. curriculum includes coaching from
CDM in the restructuring process of the courses. It isimportant that new initiatives be launched
continuously so as to improve the quality of the teaching process.
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