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Preface
This report was compiled to a large extent from information
in our data base that forms the platform for our web-pages.
Special thanks go to Jan Pralits and Jesper Adolfsson for
building this new system that also allows us to compile a
report of this nature in a semi-automatic manner. The report reﬂects the activities of the seventh budget year of the
(new) department of mechanics in education, research and
other areas.

Stockholm, November 2000

Arne Johansson, department chairman
Martin Lesser, department vice chairman
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1

Introduction

This is the seventh annual activity report of the new mechanics department and covers the year
1999. The mechanics department (web address: http://www.mech.kth.se) has about 80 employees
and a yearly turnaround of about 50 MSEK. It is also host department for the Faxén Laboratory,
a NUTEK competence centre for the ﬂuid dynamics of industrial processes.
The head of department (‘prefekt’) is professor Arne Johansson and vice dito (‘proprefekt’) is
professor Martin Lesser. The study rector (‘studierektor’) is Hanno Essén.
The department board consists of: Gustav Amberg, Fritz Bark, Arne Johansson (chairman), Martin
Lesser, Lars Thor, Ingunn Wester, Bo Norman (prof. Dept of Paper and Pulp Technology, external
board member), Fredrik Lundell (grad. stud. repr.) and an undergraduate student representative.
The teaching activities comprise courses in basic mechanics at all parts of KTH except the Schools
of Architecture and Surveying, and a large number of higher level and graduate courses on many
diﬀerent aspects of mechanics of solids as well as of ﬂuids.
The research activities can essentially be classiﬁed into two major areas, viz. “Fluid mechanicsänd
“Theoretical and applied mechanics”. In December 1999 there were altogether 40 graduate students
active at the department (12 of which are associated with the Faxén Laboratory) and 7 external
graduate students in industry and research institutes. Five doctoral degrees and six licentiate degrees
were awarded during 1999.
The Mechanics department together with ﬂuid dynamics researchers at other KTH departments and
at FFA has received the status of Nordic ERCOFTAC Pilot Centre (coordinator: Dan Henningson).
A number of partners from the diﬀerent Nordic countries have joined the centre.
A new wind-tunnel thst was inaugurated on October 22, 1998 has been calibrated and has been taken
into operation in both research projects and in education, both in under-graduate and graduate
courses. Arne Johansson has been the project leader and Björn Lindgren has been responsible for
most parts of the design and many other aspects.
The Faxén Laboratory was formally started July 1995 and is directed by Professor Fritz Bark.
The centre comprises activities at four diﬀerent KTH departments (‘Kemiteknik’, ‘Materialens Processteknologi’, ‘Mekanik’, ‘Pappers- och Massateknik’) and 19 industrial partners. The activities is
divided into three program areas:
• Electrochemistry
• Material process technology
• Paper technology
Altogether 23 doctoral students are active in the program activities (for details see section 8).
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Personel related matters 1999
Dan Henningson and Gustav Amberg have been promoted to professors in Fluid Mechanics (starting
October 25).
9 new graduate students started.
Lillemor Lindbom left the department Feb. 1, 1999 because of retirement.
Catrin Engelstrand left the department on Nov. 7, 1999 for another position.
Vivian Wallin started as administrative assistent Jan. 1, 2000.
Professor em. Mårten Landahl died on March 3, 1999.
Professor Henrik Alfredsson was appointed dean of KTH.
Professor Fritz Bark was elected member of the Royal Swedish Academy of Engineering Sciences
(IVA).
Department meetings and miscellaneous
The department board met on Feb. 18, April 13 and November 24, 1999.
A department meeting with Christmas dinner was held December 14, 1999 at the restaurant
Godthem.
A ‘samverkansgrupp’ consisting of Arne Johansson (chairman) and Ingunn Wester as representatives
for the employer, and three representatives for the employee organizations, viz. Marcus Gällstedt
(SF), Jan Ströman (ATF), and Anders Thor (SACO) has been active. The tasks include, e.g. MBL
negotiations. Also present during the meetings has been Karl-Erik Thylwe (‘skyddsombud’).
The department has a contract one hour per week at ’KTH-hallen’ for ‘innebandy’ or volleyball.

4

2

Personnel
Professors
• Henrik Alfredsson, PhD in mechanics, KTH 1983 and Docent there 1985. At KTH since 1977.
Extra professor 1986 and professor in Fluid Physics 1989. Research in ﬂuid mechanics, in
particular laminar-turbulent transition. Dean of KTH.
• Fritz Bark, Ph.D. in Applied Mechanics at KTH 1974. Extra professor in Applied Mechanics
1979, professor in Hydro-mechanics, 1985, all at KTH. Research in ﬂuid mechanics, in particular convection in electrochemical systems and processes in paper technology. Director of the
Faxén Laboratory.
• Arne Johansson, PhD in mechanics, KTH 1983 and Docent there 1984. At KTH since 1977.
Extra professor 1986 and professor in mechanics 1991. Research in ﬂuid mechanics, in particular turbulence and turbulence modelling. Department chairman.
• Martin Lesser, Ph.D in Aerosp. Eng. 1966 at Cornell; Bell Labs 1966–71; Inst. Cerac in
Lausanne 1971–75; 1975–84 docent and prof. at LuTH; 1984–87 Chairman and full prof. at
Dept of Mech. Eng. & Appl. Mech. at Univ. of Penn.; 1987 professor in Mechanics at KTH;
research on multibody mechanical systems and the use of computer algebra in mechanics.
Department vice chairman.

On October 25, 1999 two new professors were promoted, namely
• Gustav Amberg, PhD in ﬂuid mechanics, KTH 1986, Docent at KTH 1990. Professor in ﬂuid
mechanics 1999. At KTH since 1982. Research in ﬂuid mechanics and heat and mass transfer,
in particular with application to materials processes.
• Dan Henningson. M.Eng. MIT 1985, Ph.D. KTH 1988, Docent KTH 1992, Ass. Prof. Appl.
Math. MIT 1988-1992. Adj. Prof. Mechanics (20 %) KTH 1992-1999. Professor in ﬂuid mechanics (60 %) 1999- . Research on linear and non-linear hydrodynamic stability and numerical
simulation of transitional ﬂows.

‘Biträdande respektive gästprofessor’
• Bengt Enﬂo, PhD and Docent 1965 in theoretical physics, Univ. of Stockholm. Two years
at Nordita and one year at CERN. ‘Biträdande professor’ at KTH since 1996. Research in
theoretical acoustics, nonlinear waves, acoustic diﬀraction. ’Biträdande professor’ since 1996.
• Laszlo Fuchs. Ph.D. in Gasdynamics KTH 1977, Docent KTH 1980. Adj. prof. Applied CFD
(50 %), KTH 1989–1994 IBM Sweden (50 %) 1989-1992. Prof. Fluid Mechanics LTH 1994–.
Guest Prof. (30%) at the Mechanics Dept, KTH 1994– Research in CFD methods and models,
with application to compressible ﬂows and combustion in engines and furnaces.
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Senior Lecturers (in Swedish: lektorer)
• Nicholas Apazidis, PhD in mechanics, KTH 1985, Docent at KTH 1994. At KTH since 1977.
Research in two-phase ﬂow and shock wave focusing in ﬂuids.
• Anthony Burden, PhD in applied mathematical physics, Univ. of Göteborg 1984. Research on
two-point closures for turbulence and computational models for turbulent combustion.
• Ian Cohen, PhD and Docent 1982 in theoretical physics, Univ. of Stockholm. Research in
general relativity and computer algebra applications in physics.
• Anders Dahlkild, PhD in mechanics 1988 and Docent 1992 at KTH. Research on two-phase
ﬂow. Scientiﬁc secretary of the Faxén Laboratory.
• Hanno Essén, PhD in theoretical physics Univ. of Stockholm 1979. Three years in England
and Canada. Docent 1986. At KTH since 1988. Research on general relativity and on nonholonomic systems.
• Richard Hsieh, PhD in mechanics and docent at KTH.
• Arne Karlsson, TeknL.
• Göran Karlsson, PhD in quantum chemistry 1970 Univ. of Uppsala. Canada and US 1971. At
KTH since 1973. Research on education didactics, computer aided learning, distance eduction,
computer information systems.
• Christer Nyberg, PhD in mechanics 1979 KTH. Research in acoustics.
• Lars Söderholm, PhD and Docent 1970 in theoretical physics, Univ. of Stockholm. Two years
at Nordita. At KTH since 1980. Research on relativity and continuum mechanics: KleinAlfvén cosmology, relativistic temperature, material frame indiﬀerence, constitutive relations
and kinetic theory.
• Anders J Thor. TeknL in mechanics, KTH 1964. At KTH since 1956. Work on standards for
quantities and units.
• Lars Thor, PhD in mechanics at KTH 1973. At KTH since 1965. One semester of teching in
Australia 1990.
• Karl-Erik Thylwe, PhD 1981 in theoretical physics, Univ. of Uppsala. Four years at Univ.
of Kaiserslautern and Manchester. Docent 1987. At KTH since 1988. Research on Reggepole theory and semi-classical phenomena of atom-molecule collisions, nonlinear phenomena
of dynamical systems, asymptotic methods.
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Lecturers and researcher (in Swedish: adjunkter and 1:e fo.ing.)
• Gunnar Maxe
• Pär Ekstrand, Responsible for the department’s computer system
• Nils Tillmark, TeknD, Responsible for the department’s lab. facilities
• Michael Vynnycky, PhD Univ. of Oxford, Lecturer at Univ. of East Anglia, Norwich 1991-92,
Extended research visits in Japan 1992-96, at KTH from 1997.

Research associates (in Swedish: forskarassistenter)
• Per Dahlqvist, PhD in Theoretical physics at the University of Lund 1989, Docent in theoretical physics, KTH 1995. At KTH since 1991. Research in classical and quantum chaos.
• Harry Dankowicz, PhD at Cornell Univ. 1995. Academic year 1994/95. Göran Gustafsson’s
Postdoctoral Fellowship during 1995/96. Research in modern mechanics of complex systems,
and theory of friction.
• Barbro M. Klingmann, PhD in Fluid Physics, KTH 1991. Postdoc at EPFL Lausanne and
Novosibirsk 1992-94 and at Volvo Aero. 1994-1996. Research on transition and turbulent
separation.
• Erik Lindborg, TeknD KTH 1996, Research in turbulence.
• Arne Nordmark. PhD in mechanics 1992. At KTH since 1984. Research in the dynamics of
mechanical systems with discontinuous or impulsive forces.

Technical and administrative staﬀ (in Swedish: TA-personal)
• Lars Bjernerstam
• Catrin Engelstrand (intendent)
• Marcus Gällstedt
• Ulf Landén
• Lillemor Lindbom (chefsadm./intendent)
• Anne-Mari Olofsson
• Hans Silverhag
• Jan Ströman
• Ingunn Wester (chefsadm./intendent)
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Professors emeritii
Bengt-Joel Andersson
Sune Berndt
Olof Brulin
Stig Hjalmars

Graduate students (in Swedish: doktorander)
Jesper Adolfsson
Krister Alvelius
Kristian Angele
Paul Andersson (also at FFA)
Gerald Audenis (FLA)
Erik Birgersson (FLA)
Karl Borg
Arnim Brüger
Gitte Ekdahl
Jerome Ferrari (FLA)
Jens Fransson
Franck Gregoire
Johan Gullman-Strand
Jonas Gunnarsson (FLA)
Francois Gurniki (FLA)
Torkel Hambreus (also at FFA)
Richard Holm (FLA)
Claes Holmqvist (FLA)
Carl Häggmark
Marcus Högberg
Nulifer Ipek (FLA)
Bo Johansson
Arif Kalifa
Jukka Komminaho
Anders Lennartsson
Mats Lind (FLA)
Björn Lindgren
Fredrik Lundell
Per Olsson
Mehran Parsheh (FLA)
Ivan Pavlov
Petri Piiroinen
Jan Pralits
Henrik Sandqvist
Junichiro Shiomi
Martin Skote
Daniel Söderberg (FLA)
8

Tadahisa Terao
Ruben Wedin (FLA)
Ola Widlund (FLA)
Christian Winkler
Thomas Wright
Jens Österlund
External graduate students (not employed by department of mechanics)
Leonard Borgström, Alfa Laval, Tumba
Mattias Chevalier, FFA
Jan Eriksson, Vattenfall in Älvkarleby
Koji Fukagata (FLA) ABB Corp. Res.
Jan-Erik Gustafsson, STFI
Peter Löfgren (FLA) ABB Corp. Res.
Hans Moberg, Alfa Laval, Tumba
Torbjörn Nielsen (FLA) ABB Corp. Res.
Johan Persson (FLA) Vattenfall Utveckling AB
Roland Rydén. Volvo Aero Corporation in Trollhättan.
Lars Tysell, FFA
Stefan Wallin, FFA
Ulrike Windecker (FLA) ABB Corp. Res.
Jan Östlund, Volvo Aero

The graduate students with (FLA) after their names are associated with the Faxén Laboratory.
Five other graduate students are associated with FLA but employed at other departments at KTH
(see section 9).
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3

Laboratory facilities, computers

3.1
3.1.1

Laboratory facilities
Wind tunnels

The department has a laboratory with several permanent experimental facilities.
• MTL subsonic windtunnel, 7 m long (1.2 m × 0.8 m) test section, max. speed 69 m/s
• Subsonic wind-tunnel, 0.4 m × 0.5 m test section, max. speed 50 m/s
• New subsonic wind-tunnel (1998), 0.5 m × 0.75 m test section, max. speed 48 m/s
• Shock tube for research and student laboratory exercises
A major facility is the MTL wind-tunnel, which is a low-turbulence wind-tunnel with outstanding
ﬂow quality - the turbulence level is as low as 0.02 %. It is used for a variety of long-term research
projects on turbulence and laminar-turbulent transition, ﬂow separation and turbulence structure.
A smaller windtunnel based on the same concept as the MTL-tunnel was inaugurated in october
98. The new windtunnel was calibrated and taken into operation during 1999 both in research and
education. The tunnel is powered by a frequency controlled 15 kW AC-motor and has the special
= 1.32) to reduce the overall length.
design feature of expanding corners ( AAout
in
The department also has access to a continuously running supersonic wind-tunnel, 0.1m×0.1m test
section, with ‘continuously’ variable Mach number (0.7–2.5). The wind-tunnel is stationed at the
Department of Energy Technology, KTH.

3.1.2

Other ﬂow facilities

There are also a number of smaller experimental apparatus for research and student demonstration
purposes:
• miniature convection cell for study of thermocapillary convection
• model of a headbox for distribution of ﬁber suspension in paper manufacturing applications
• plane Couette ﬂow apparatus with and without system rotation
• curved or straight rotating channel ﬂow apparatus for studies of instabilities due to centrifugal
and rotational eﬀects
• plane Poiseuille ﬂow apparatus (2m×0.8m) for transition studies
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• a small water table for student demonstrations
• Hele-Shaw cell and Taylor-Couette apparatus
• a pipe-ﬂow facility for student exercises

3.1.3

Measurement equipment

The PIV system purchased by the Department of Mechanics consists of a Nd:YAG double pulse
laser, a high resolution CCD camera capable of storing two consecutive frames at a minimum time
separation of 1µs, and a processing unit for crosscorrelation of the two images. The system (laser
and camera) runs at a frequency of 15 Hz.
The department has two Laser-Doppler Velocimetry (LDV) equipments. One of the LDV systems is
a two-component ﬁbreoptic system from Aerometrics, with a high power Ar laser. The other system
is a low energy ﬁberoptic one-component FlowLitesystem, from Dantec, which is easy to use and to
adapt to diﬀerent measurement situations, including student exercises.
Hot wire techniques are extensively used and constantly developed at the laboratory. Many diﬀerent
types of probes are designed and made ’in-house’. The smallest wires used have a diameter of 0.6µm
and a typical length of 0.1 mm. Data sampling is carried out mainly with Macintosh computers.

3.1.4

Other laboratory equipment

The laboratory also has some equipment for ﬂow visualisation
• Schlieren system with possibility for short duration double ﬂash exposure
• High speed camera (up to 500 frames per second) for ﬂow visualisation
• Digital video camera recorder
• Smoke generators both for ﬂow visualisation and particle generation in PIV and LDV.

3.2

Computers

The department has a computer system consisting of 36 SUN workstations running Solaris 2.5.1, 5
IBM-RS6000 workstations running AIX 4.2, (>)55 Macintosh computers and (>)20 PC’s running
Windows 95,98,NT or Linux. Pär Ekstrand (pe@mech.kth.se) is responsible for the computers, with
help from Arne Nordmark. Jesper Adolfsson is responsible for maintaining the departments web
pages with help from Jan Pralits.
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The system is mainly managed by three servers. A SUN sparc 4 called eiger for central services like
mail, printers and DNS. The department has it’s own AFS cell and Kerberos realm. There is 54 GB
of disk storage in the AFS ﬁlesystem distributed on six 9GB disks with two wide SCSI controlers on
each server. The disks are placed on two dedicated AFS ﬁle servers, a SUN sparc 10 called pollux
and a SUN sparc 20 called castor. Both ﬁleservers are dual processor machines. There is an aditional
dedicated WWW and FTP server, a SUN Spark 5 called
nadelhorn. The oﬃcial part of the departments web pages is hosted on an PC running Windows
NT.
A PC called vulcan running Linux has been set up as a small modem service with four modems
currently connected it also acts as a printer server for the PC’s using Samba.
The department has four IBM-RS6000 workstations serving as numbercrushers, a model 590, a
model 390, a model 375 and a model 370. They are setup in a DQS batch system. They where
acquired 93-95 with grants from the Göran Gustafsson Foundation.
To complement the IBM’s the department invested in a Compaq AlphaServer ES40 to serv as a
new numbercruncher. It has four EV6 500MHz processors and a total of 3 GB shared memory. It
was acquired with grants from the Göran Gustafsson Foundation.
There is also two SUN Ultra2’s shared by the department. One called dom for for interactive jobs
and one called ask for batch jobs.
A signiﬁcant amount of computer time has also been granted to some of the research groups within
the department from international supercomputer centers.
The department has signed a license agreement for Microsoft software as a part of a central agreement between KTH and Microsoft. It implies that we will have a continuous supply of upgrades, new
versions etc of, e.g. Word and Excel. Also manuals will be supplied through this agreement (contact
person: Lars Thor). The department also has licenses for a number of other softwares products.
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4

Economy

A brief overview of the diﬀerent categories of incoming resources to the department is given below
for 1999. The incoming resources to the Faxén Laboratory are not included here. These amount to
roughly 11 MSEK for 1999 (excluding in-kind contributions). The Faxén Laboratory is described
separately in section 9.
INCOME (in Mkr)
Dept. total
Education (GRU)
Research (FOFU)
External
——
Σ

14
19
11
——
44

The external funding is mainly composed of grants from TFR, SSF, NUTEK, The Göran Gustafsson
Foundation, NFR, BFR and KFB.
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5
5.1

Teaching activities
Undergraduate courses

Basic courses (grundkurser)
School
Year Course no.
K
1
5C1102
VBI , M , T
1
5C1103
B, F , V , I
1
5C1103
D
2
5C1104
E, B , T
2
5C1111
M
2
5C1112
F
2
5C1113
VBI, V
2
5C1114
T
F

2
3

5C1201
5C1202

Credit
4
6
6
4
4
4
4
4

Name
Mechanics, Smaller Course
Mechanics, Basic Course
Mechanics, Basic Course
Insigths in Mechanics; Orbits and Robots
Mechanics, Continuation Course
Mechanics, Continuation Course
Mechanics, Continuation Course
Mechanics, Continuation Course

8
4

Fluid Mechanics with Thermodynamics, for T
Fluid Mechanics, Introductory Course
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Advanced courses (högre kurser)
School
Year Course no. Credit
B, M , T
3
5C1121
4
T, F , B , M
4
5C1122
4
T, F , M
4
5C1123
4
M, T , F
4
5C1125
2
T, F , M
4
5C1400
5
F, T , M
4
5C1902
4
M, F , T
4
5C1904
4
M, F , T
4
5C1980
4
T, F
F, T , M
M, T , F
T, M , F
T, M , F
M, T , F
M, I
T, F , M
M, T , F

3
4
4
4
4
4
3
4
4

5C1203
5C1205
5C1207
5C1208
5C1209
5C1210
5C1921
5C1940
5C1992

4
4
5
2
2
4
4,5
4
4,5

Name
Analytical Mechanics
Continuum Mechanic
Mathematical Methods of Mechanics, General Course
Mathematical Methods of Mechanics, Intermediate Course
Nonlinear Dynamics in Mechanics
Advanced Dynamics of Complex Systems
Advanced Modern Mechanics
Applied Mechanics
Fluid Mechanics, General Course
Compressible Flow, General Course
Boundary Layer Theory and Thermal Convection
Fluid mechanics, continuation course
Compressible ﬂow, continuation course
Experimental Methods in Fluid Mechanics
Fluid Mechanics for Engineers
Computational Fluid Mechanics
Turbulence
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6
6.1

Research areas - short project description
Theoretical and applied mechanics

Shock wave propagation in ﬂuids
Researcher(s): Martin Lesser, Nicholas Apazidis
Graduate student(s): Bo Johansson
Sponsor(s): TFR
This project deals with propagation of shock waves in liquids and liquid impact problems. Generation, reﬂection and convergence of shock waves in conﬁned chambers of various forms is investigated on the basis of Whitham’s non-linear theory of geometrical shock dynamics. This theory has
been extended by a new theoretical and computational method, developed by Apazidis & Lesser
(1996). The method can be applied to the propagation of shocks arbitrary in strength and form into
a medium with no-homogeneous ﬂow conditions. Calculations based on the new approach have been
applied to the problems of shock reﬂec- tion and convergence in various types of conﬁned chambers.
It is shown that by an appropriate choice of the form of the reﬂector boundary one may obtain
reﬂected shock waves having desirable shapes, for example a near-square shape. Also reﬂectors with
parabolic geometry are considered. A cylindrical wave is generated at the focus of the parabolic
cross-section. It is shown that con- trary to the linear case the reﬂected wave is no longer planar.
Experimental investigations of shock focusing in a thin conﬁned chamber with a reﬂector boundary
in the form of a slightly perturbed circle have been carried out. Experimental results conﬁrm the
possibility of producing polygonally- shaped converging shocks. Technological and medical applications of the project may be found within the ﬁelds of shock wave propagation, shock induced
collapse of cavities, erosion, disintegration of kidney and bladder stones by means of a shock wave
attenuation in lithotriptor devices.
Publication(s): (2)
Dynamics of Hamiltonian systems with applications to celestial mechanics.
Researcher(s): Harry Dankowicz
The geometry of certain higher-degree-of-freedom Hamiltonian systems allows for a perturbation
approach to the study of stochasticity and chaotic behavior, such as sensitive dependence on initial
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conditions and dﬀusion in phase space. In particular, the motion of small grains in the vicinity of
asteroids and the rings of the greater planets falls into this category. We study the global structure
of phase space and obtain measures for characteristic escape rates of the grains from the asteroids
and other stability properties.
Dynamical models of friction
Researcher(s): Harry Dankowicz, Arne Nordmark
Sponsor(s): TFR, SSF
We develop models of friction which incorporate dynamical, inertial type eﬀects as well as history
dependency, such as hysteresis. These are simulated for comparison with actual experiments. The
models are further studied with particular emphasis on bifurcation behavior associated with the
appearance of stick-slip oscillations. Such oscillations turn out to be associated with the crossing of
a discontinuity surface across which the vectorﬁeld has a discontinuous derivative. Their appearance
is thus closely related to the phenomena connected with grazing bifurcations for impact oscillators.
The corresponding theory is applied to explain pertinent features of the stick-slip bifurcations.
Publication(s): (6)
Human and machine locomotion
Researcher(s): Harry Dankowicz, Arne Nordmark
Graduate student(s): Jesper Adolfsson, Anders Lennartsson, Petri Piiroinen
Sponsor(s): TFR, SSF, Volvo Research Foundation
The inherent dynamics of a bipedal, kneed mechanism are studied with particular emphasis on the
existence of stable three-dimensional gait in the absence of external, actively regulated, control.
Suitable modiﬁcations of geometry and mass distributions are suggested to aﬀord implementation
of walking in complicated and potentially changing terrain. Originating in the pioneering work by
McGeer and others, the approach is based on the assumption that satisfactory walking motion under actuation can be achieved more eﬃciently once the mechanism‘s natural dynamics have been
accounted for. Thus, the need for actuation is minimized by controlling the system about a motion
dynamically achievable by the passive system, rather than imposing a behavior far from such a
motion.
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Publication(s): (15)
Formulations in the analysis of multibody mechanisms
Researcher(s): Harry Dankowicz
Sponsor(s): TFR
We study a method for the successive imposition of constraints on a free particle mechanism and
the subsequent derivation of closed sets of diﬀerential equations for the evolution of the mechanism
with time. Fundamental is the idea of ideal constraints as contained in the d’Alembert principle.
Publication(s): (12)
Propagation and diﬀraction of sound in ﬂuids
Researcher(s): Bengt Enﬂo, Sergey Gurbatov, Oleg Rudenko, Zbigniew Peradzynski
Sponsor(s): TFR, Göran Gustafsson’s Foundation, KVA
In the project basic problems of nonlinear acoustic wave propagation are studied. Burgers’ equation
and its generalizations are studied by analytical and numerical methods. Applications are found to
propagation of shocks and signals in the sea and in the atmosphere. Examples of problems studied
by use of equations of Burgers’ type are: studying the decay of plane wave pulses with complicated
structure, ﬁnding asymptotic waveforms originating from spherical and cylindrical sine waves and
short pulses, nonlinear acoustic wave propagation in dispersive and layered media and nonlinear
propagation of sonic boom waves.
Publication(s): (7), (27)
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Diﬀraction of sound by noise barriers
Researcher(s): Bengt Enﬂo
Graduate student(s): Ivan Pavlov
Sponsor(s): BFR, KFB
Noise from traﬃc, fans, motors etc. is often shielded by barriers. In normal design the top edge
of a noise barrier is straight. The edge may act as a string of highly correlated point sources. The
eﬀectiveness of the barrier is reduced by the coherence of these secondary sources. Experiments at
The University of Texas show that the eﬀectiveness of the barrier can be increased if it is made
irregular. The project aims at understanding of these phenomena by theoretical methods. It will
continue with theoretical and experimental investigations of possibilities of increasing the eﬀect of
sound barriers.
Publication(s): (60)
Dynamical systems and multi-body modeling
Researcher(s): Martin Lesser, Hanno EssÈn, Arne Nordmark
Graduate student(s): Anders Lennartsson, Mats Fredriksson
Sponsor(s): TFR, LUFT
The purpose of this study is to integrate modern methods of modelling multi-body systems with
recent results in the theory of dynamical systems. Thus far most dynamical systems treated under
the new heading of chaos theory has involved concentration on very low degree of freedom models
derived in a somewhat ad-hoc fashion as representations of more complex mechanisms. Our aim is to
combine our new techniques for dealing with complex mechanisms by computer algebra and Kanes
equations with the methods of dynamical systems theory to achieve useful and readily interpretable
representations, e.g. by means of center manifold ideas. One particular area of interest is problems
of impact in subassemblies of complex mechanisms.
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Mechanics of The Vasa Steering System
Researcher(s): Martin Lesser
Graduate student(s): Jesper Adolfsson, Gitte Ekdahl, Anders Lennartsson, Tom Wright
Sponsor(s): Internal Funds
The steering mechanism of the Vasa, known as a ’whipstaﬀ’ was of the type used in ships for a
thousand years. It is the only surviving example of this device which for the most part has gone
undocumented. A number of issues concerning the way the mechanism has been reconstructed, how
it was used and the possible problems of physical damage to the steersman in carrying out his task
are at issue. The project, in cooperation with the Vasa Museum and the Science Museum in London
is designed to answer these questions. As part of the work we are preparing a simulation of the
mechanism which will be placed in the Vasa museum. The simulation is partly an actual copy and
partly a servo steered mechanism run by a computer program. Users will get some of the sense of
what was involved in steering the ship.
Design of complex mechanical systems
Researcher(s): Martin Lesser, Tissel, Sören Andersson, Lennart Karlsson, Tore Risch
Sponsor(s): NUTEK
Complex mechanical systems are treated by a combination of modern methods for simulation, computer aided design tools and object oriented data base technology. The aim of the project is to
assemble all of these techniques into a usable design tool. Several particular problems are being
used as test cases. These include blade mountings in jet engines and exhaust manifold in automobiles.
The Mechanics of Overhead Railroad Electriﬁcation Systems
Researcher(s): Martin Lesser, Lennart Karlsson
Graduate student(s): Anders Lennartsson
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Sponsor(s): Swedish State Rail Authority
This is an experimental, theoretical and numerical study of the overhead electriﬁcation system used
in high speed trains. Both the pantagraph mechanism, which sits on the roof of the train and the
overhead cabel system are treated. The purpose of the project is to determine what are possible
damage mechanisms to the device, what are the speed limits set by it and what criteria may be used
in evaluating possible interactions of new type pantagraphs with the Swedish rail systems power
lines.
Theorectical acoustical investigations with applications in musical acoustics
Researcher(s): Christer Nyberg
Sponsor(s): KTH
The purpose of this project is to investigate nonlinear generation of combination frequencies in
cavities. The tone generation in musical instruments is often described in terms of a clearly deﬁned
nonlinear element which can excite the rest of the instrument, treated as a linear, passive, multimode cavity. However, linear theory, which requires small amplitudes, seems to be inadequate for
describing the sound ﬁeld in a cavity close to a resonance, as ﬁnite amplitudes are predicted even
with dissipative eﬀects included. If the sound ﬁeld is excited by two frequencies close to resonance,
nonlinear interaction is therefore expected to become important. Starting with a nonlinear generalization of d’Alembert’s wave equation together with appropriate boundary conditions, the acoustic wave ﬁeld in the cavity is calculated and can then, in the case of periodicity, be decomposed into
its Fourier-components.
Dynamics of Moderately and Highly Rareﬁed Gases
Researcher(s): Lars Söderholm
Graduate student(s): Karl Borg
Sponsor(s): TFR
The dynamics of gases is studied in two regions. Firstly, the region where characteristic lengths are
larger than but approach the mean free path. In air at normal conditions, this is the case for ﬂow
in channels of diameter of the order of 10−4 mm, say. The Burnett equations are reformulated as
perturbed Navier-Stokes equation, avoiding instabilities. Moment equations are modiﬁed to give a
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well-deﬁned range of validity in terms of mean free path.
Secondly, the dynamics of gases is also studied in the free molecular ﬂow limit of characteristic
length small compared with mean free path. In particular, the eﬀects of the non-Maxwellian character of the distribution function is considered for the transfer of momentum (thermophoresis) and
heat to nonspherical bodies. The inﬂuence of wall roughness on the heat exchange of a rareﬁed gas
ﬂow in narrow channels is an example.
Publication(s): (59)
Relativistic dissipative dynamics of gases
Researcher(s): Lars Söderholm
Relativistic ﬂuid dynamics has to be applied when macroscopic or thermal speeds are comparable
to the speed of light.There is a rather straightforward relativistic generalization of the compressible
Navier-Stokes equations, which is often used. It is, however, unsatisfactory in the sense that it is
non-causal. The system of equations is partly parabolic. Shear disturbances propagate with inﬁnite
speed in the rest frame of the gas, which means backward in time in other frames. To overcome this
problem, equations closely related to a truncated Grad system for the Boltzmann equation has been
constructed by M¸ller, Israel and Stewart and later developed into a mature mathematical theory
by Hiscock, Lindblom and others.
As, however, a truncated Grad system is not correct even to ﬁrst (Navier-Stokes) order in the Knudsen number, a ﬁrst step in the present investigation was to derive from the Boltzmann equation a
modiﬁed 14 moments system, which is correct to ﬁrst order. For this system, all modes propagate
as waves. A next step is the study of the nonrelativistic limit of the M¸ller-Israel-Stewart equations.
A kinematic concept is introduced, related to Fermi-Walker propagation, which considerably clariﬁes the nonrelativistic limit of the equations. A basic object of the continuing investigation is to
determine the physical accuracy of the diﬀerent equations.
Publication(s): (14), (35)
Semiclassical Mechanics
Researcher(s): Karl-Erik Thylwe
Sponsor(s): NFR, Rörlig resurs, KTH
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In order to understand details of atoms and molecules interacting with external ﬁelds, it is essential
to understand the underlying classical theory of timedependent Hamiltonian systems. Theoretical
research in this area is of basic importance for interpreting and predicting a growing body of
experimental data obtained by the most sophisticated experiments. The semiclassical research topics
include:
• New time-dependent normal forms for resonant dynamics. The usual semiclassical theory
of tunnelling through chaotic separatrix regions, resulting in the splitting of degenerate quasi
energies, gives merely a rough estimate of the spectrum and would beneﬁt from a more detailed
level of approximation.
• A uniﬁed complex angular momentum theory for scattering models used in analysing spectra
of quantized biliard systems. This would clarify the identiﬁcation of classical and non-classical
(ghost) contributions.
• The development of new semiclassical approximations for ﬁeld switching in single and moredimensional states.
These provide an understanding of nonadiabatic eﬀects beyond the perturbation theory and provide
transparent link between transition probabilities and switching proﬁles in quantum optics models.
Nonlinear continuum mechanics
Researcher(s): Lars Söderholm
The equations of continuum mechanics are formulated in arbitrary coordinate systems by means of
a Maple program. In particular, the program handles mixed objects like the deformation gradient,
with one leg in the present conﬁguration and one in the reference conﬁguration. The manipulation
of tensor ﬁelds is also made possible.
Publication(s): (49)
Nonlinear wave propagation in ﬂuids
Researcher(s): Lars Söderholm
The focus in this project is on the study of higher order eﬀects in nonlinear wave propagation. Such
eﬀects are responsible for many important wave phenomena. One example is that of the generation
of a wave propagating in the direction opposite to the original wave. This is an eﬀect, which particularly takes place at a discontinuity. A further phenomen is that of the generation of a constant
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component, related to acoustic streaming. An equation for nonlinear acoustics has been derived
from the compressible Navier-Stokes equations. It is exact in the Mach number and correct to ﬁrst
order in the dissipative (Knudsen) number. Terms of the order of Mach number times the Knudsen
number are neglected. When the Mach number is of the order of the Knudsen number, the derived
equation reduces to the well-known Kuznetsov equation of second order nonlinear acoustics. The
equation is applicable to any equation of state. This equation is the basis of the continuing study.
Publication(s): (41)
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6.2

Fluid mechanics

Experiments on stability, transition, separation and turbulence in boundary layer ﬂows.

Researcher(s): Henrik Alfredsson, Johan Westin, Nils Tillmark, Masahara Matsubara, Bakchinov,
Talamelli, Michael Katasonov
Graduate student(s): Per Elofsson, Fredrik Lundell, Carl Häggmark, Jens Fransson
Sponsor(s): TFR, Göran Gustafsson’s Foundation, KVA, KTH
This project deals with the transition to turbulence in laminar boundary layers, and various methods to control and hopefully delay the transition process. Several studies in our laboratory have
dealt with the receptivity of the laminar boundary layer to free stream turbulence, through detailed
velocity measurements in the MTL wind tunnel, where free stream turbulence is generated by different grids. Both ﬂow visualisation and hot-wire measurements (one and two-point) have shown
that the interaction with the boundary layer gives rise to elongated structures of high and low velocity. The streaks are susceptible to secondary instabilities and will subsequently break down into
turbulence. Formation of elongated structures may also occur through the interaction between two
ﬁnite amplitude oblique waves. This, so called, oblique transition scenario has been investigated in
a laminar boundary layer in the MTL-wind tunnel where the waves have been generated through a
spanwise slot connected to up to six diﬀerent loudspeakers. This research was included in the doctoral thesis of Elofsson, which was succesfully defended in May 1998. An new experiment has been
designed in order to model the streaky structures which are seen in the boundary layer ﬂows and
then to develop active control methods. This model experiment uses a channel where the streaks are
formed through regularly spaced suction holes and where secondary in stability can be forced. Tests
show that this set-up mimicks many of the features of free stream turbulence induced transition
and preliminary control experiments are underway. Control will be applied through local (in time
and space) suction/blowing at the wall. Transition often occur when a laminar boundary layer separates. One project deals with this type of transition in the MTL-tunnel, where a pressure gradient
is imposed by an adjustable bump mounted at the upper wall, forcing separation at the test plate.
Hot-wire measurements and ﬂow visualizations showed that the front part of the separation bubble
induced on the plate was 2D and steady whereas in the reattachment region an unsteady 3D vortical shedding motion appeared. Flow visualizations further revealed a spanwise periodicity of these
vortices. So far experiments on the response of the bubble to the natural wind tunnel disturbances
(low level disturbances), controlled disturbances in form of TS-waves as well as grid generated free
stream turbulence (FST, level 1.5 conditions frequency spectra from the shear layer show a quite
distinct peak from the wave packets indicating that there is a strong wave frequency selection in the
shear layer. These waves can be studied in more detail by introducing two-dimensional deterministic
waves upstream of the separated region. In the negative pressure gradient boundary layer upstream
of the bubble the waves are damped while in the separation region they are strongly ampliﬁed
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(several orders of magnitude). The inﬂuence of excitation amplitude and frequency of the waves on
the mean ﬂow has been investigated. FST was found to have a signiﬁcant eﬀect on the structure of
the separation bubble and reduced the size of the separated region. Initially the disturbance growth
was found to be exponential for the 2D waves and linear in the FST-case, but seemed to saturate at
the same level in both cases. A related study of numerical simulations of separated ﬂows is carried
out by Prof. Henningson. In connection with the separation experiments a new three wire probe
has been developed. The three wires are parallel and in the same plane. The centre wire is run as a
conventional hot-wire whereas the two outer wires are run as temperature sensors thereby feeling the
temperature wake of the centre wire. These two wires are coupled as two legs of a Wheatsone bridge,
thereby giving a signal which directly gives the ﬂow direction. It has been shown that this wire can
distinguish reversed ﬂow and thereby increase the accuarcy for measurements in the separated region. Another experiment to better understand the interference between an X-wire and the wall has
also been undertaken. An X-wire conﬁguration was set up from two slanted wires which could be
moved relative to each other. The measurements were made in a fully developed turbulent channel
ﬂow. It was shown that the presence of the wall displaces the eﬀective cooling position of the wires
and thereby gives erroneous results close to the wall. A correction method was deviced and it was also found that by intentionally separate the wires it is possible to determine some correlations which
otherwise cannot be mea- sured with traditional hot-wire conﬁgurations. In cases where body forces
aﬀect boundary layer ﬂows other types of instability may be dominating. For instance a boundary
layer ﬂow along a wall in a rotating system will be aﬀected by a Coriolis force which can give rise to
instabilities in the form of longitudinal vortices. For plane Couette ﬂow with system rotation, the
Coriolis force will either be stabilizing or destabilizing across the full channel width. Linear stability
theory shows that the critical Reynolds number is as low as 20.65. Our experiments have veriﬁed
the linear theory and also shown that the ﬂow exhibit a number of interesting secondary instabilities which occur on top of the primary roll cell structure. The experiments show furthermore that
rotating plane Couette ﬂow exhibits a rich variety of ﬂow phenomena, some of which has not been
observed in other ﬂow situations, such as relaminarization for stabilizing rotation. PIV and LDV
measurements are underway to study plane Couette ﬂow both in the rotating and non-rotating cases.
Modelling of solidiﬁcation in meterials processing
Researcher(s): Gustav Amberg
Graduate student(s): Robert Tönhardt
Sponsor(s): TFR, KTH, Rörlig resurs, LUFT
During solidiﬁcation, for example in casting or welding, mushy zones consisting of dendritic crystals
often form. The properties of a ﬁnished casting are determined by the size and morphology of the
crystals, and is often strongly aﬀected by convective heat and mass transfer during solidiﬁcation.
This project is concerned with mathematical models for solidiﬁcation in processes such as welding
and near net shape casting. One part of this is to predict microstructure, i.e. the crystal structure
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and the size, geometry and orientation of crystals. The models developed within the project are to
be incorporated in available codes for simulating the macroscopic convective heat and mass transfer
during solidiﬁcation. Development of mathematical models will require simulations of individual
dendrites. Models and predictions will be continuously tested against experiments (in collaboration
with Hasse Fredriksson, KTH). Another issue which is studied is the rather complex dynamics of
convective ﬂow through the mushy layer, giving rise to well known defects such as macrosegregation
and freckles. Such speciﬁc phenomena has been studied within this project and will be investigated
further, using the code and models that are developed. During the work described above, symbolic
code generation tools (www.mech.kth.se/ gustava/femLego) have been used to a large extent.
Publication(s): (10)
Thermocapillary convection in materials processing.
Researcher(s): Henrik Alfredsson, Gustav Amberg
Graduate student(s): Renaud Lavalley, Christian Winkler
Sponsor(s): TFR, Rörlig resurs, KTH, Nippon Steel
If surface tension depends on temperature, a ﬂuid motion will be induced along a free surface with a
temperature gradient. This is an important phenomenon in many materials processes, characterized
by large temperature gradients, small volumes of liquid metal, and the presence of free surfaces.
This convection is often crucial for the properties of the ﬁnished product. Examples of such processes are all the various techniques for crystal growth, and welding, where the ﬂow in the weld
pool determines the penetration of the liquid pool (i.e. ’weldability’). Often it is technically important to avoid oscillatory ﬂow, and thus it is important to understand the stability characteristics
of thermocapillary convection in general. An experimental study of the transition from stationary
to oscillatory motion in buoyant thermocapillary convection has been made. The instability was
observed by ﬂow visualizations and PIV measurements, and quantitative agreement was found with
numerical calculations. The emphasis is on identifying instability mechanisms and to design eﬃcient active control strategies to suppress oscillations. Welding of the light metals Aluminum and
Titanium today presents a number of practical diﬃculties. The ﬂow in the melt during welding
of Al and Ti alloys will be studied by numerical simulation, using tools and models developed in
accompanying projects. This will be closely coupled to an experimental study of Al and Ti welding carried out by Torbjörn Carlberg, Sundsvall. The melt ﬂow in stainless steel welding has also
been simulated and compared to experiments performed at Nippon Steel, Futtsu,Japan. Another
process where thermocapillary convection is crucial is ﬂoat zone crystal growth. The stability of
the ﬂow in such processes are simulated numerically and comparisons are made with actual ﬂoat
zone experiments in space and on earth (Torbjörn Carlberg, Sundsvall). During the work described
above, symbolic code generation tools (www.mech.kth.se/ gustava/femLego) have been used to a
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large extent. Cooperation with Torbjörn Carlberg, Sundsvall, MÂrten Levenstam, CTH and Nippon
Steel.
Modelling of magnetohydrodynamic (MHD) turbulence.
Researcher(s): Fritz Bark, Said Zahrai
Graduate student(s): Ola Widlund
Sponsor(s): Faxén Laboratoriet
Electrostatic magnetic ﬁelds are used in continuous casting of steel to brake and control the mean
ﬂow of liquid metal in the mould. The magnetic ﬁeld also causes magnetic Joule dissipation of turbulence, thus aﬀecting turbulent transport of heat and mass. Numerical simulations of this and other
turbulent magnetohydrodynamic (MHD) ﬂows suﬀer from the inability of conventional turbulence
models to deal with the large anisotropies of length scales in MHD turbulence. The objective of the
project is to develop an extended Reynolds-stress closure suitable for modelling of MHD turbulence
in engineering applications. The extended closure includes structural information, which is shown
to be vital for a correct description of MHD turbulence.
Computing the two-phase ﬂow in gas-evolving, electrochemical cells.
Researcher(s): Anders Dahlkild
Graduate student(s): Ruben Wedin
Sponsor(s): Faxén Laboratoriet
This work aims at develop computational tools for ﬂow in electrochemical reactors with gas-evolving
electrodes. Focus is on the eﬀect of the gas bubbles on the process, which are used to force a circulating convective ﬂow of the electrolyte in the reactor. Two-phase ﬂow models are applied compute
bubble concentrations and ﬂow velocities in diﬀerent parts of the reactor. First, a global model is
formulated for the whole reactor, where available two-phase ﬂow models of the commercial software
CFX is used. An important question to answer is e.g. to predict the ﬂow distribution of electrolyte
through the various channels of the electrode packet depending on reactor design. Secondly, a more
detailed model of the ﬂow between an electrode pair is developed. A source of bubbles appear on the
surface of a gas-evolving electrode. Since the hydrogen bubbles studied are very small, the transport
of bubbles away from the electrode in laminar ﬂow conditions is obtained from available models of
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hydrodynamic diﬀusion of small Reynolds number-particles.
Publication(s): (16), (56)
Computing the ﬂow of a stratiﬁed headbox.
Researcher(s): Anders Dahlkild
Graduate student(s): Mehran Parsheh
Sponsor(s): Faxén Laboratoriet
Using the commercial ﬂuid dynamics software CFX, we have modeled the mixing of the diﬀerent
layers of a three-layer stratiﬁed headbox jet. We have studied the transport of a passive scalar
component dyed into the middle ﬂuid layer to the other layers. It has been found that vane length
has considerable and vane tip shape has little eﬀect on mixing. Vanes shorter than the headbox
cause less mixing and vanes longer than the headbox cause more mixing. Parallel slice lips worsens
the mixing. Furthermore, the nozzle angle was changed and the optimum angle was found to be
between 8-11 degrees.
Publication(s): (33), (57)
Hypersonic afterbody ﬂow ﬁelds.
Researcher(s): Anders Dahlkild
Graduate student(s): Tor-Arne Grönland
Sponsor(s): ESA
This work is part of a research project performed external to KTH by the team FFA and DASA.
The aim of the study is to make a thorough and basic investigation of the importance of diﬀerent
physical and geometrical eﬀects which inﬂuence the eﬃciency and versatility of a hypersonic afterbody design. The complete propulsion system is an integrated part of the airframe of a hypersonic
airbreathing vehicle. The vehicle body will act as expansion surface, yielding an unsymmetric expansion of the engine exhaust gases to the surrounding pressure. In the design of such an afterbody

29

there are a number of critical issues of which one needs a thorough knowledge.
Control of low-dimensional models of the turbulent boundary layer.
Researcher(s): Harry Dankowicz, Coller
We study low-dimensional models of the turbulent ﬂow in boundary layers. in particular, we apply
the evolutionary algorithm known as Genetic Programming to ﬁnding suitable control strategies for
the suppression of burst-type behavior in the models. These bursts are thought to be essential in
the production of turbulence in the main ﬂow.
Publication(s): (5)
Numerical Simulation of Flows of Fluids Containing Small Particles.
Researcher(s): Laszlo Fuchs
Graduate student(s): Per Olsson
Sponsor(s): SSF
In multiphase ﬂow, the models used to describe the resence of particles in a ﬂuid usually ignore
the force interaction among particles and a ﬂuid ﬂow governed by the Navier-Stokes’ equations. In
order to gain some insight into the physical phenomena in a microflow environment, we study the
interaction among ﬁxed and moving solid spheres and the surrounding ﬂuid. Due to the presence
of attracting and repelling forces that depend on the geometrical conﬁgurations, one can expect an
intensive and complex motion of the particles when they are allowed to move freely. Due to this
eﬀect simple rheological (isotropic) models are inadequate.
Boundary layer transition - Theory and DNS
Researcher(s): Dan Henningson
Graduate student(s): Casper Hildings, Stellan Berlin, Luca Brandt
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Sponsor(s): TFR, FFA, NFFP
This project involves research to determine the maximum growth possible of disturbances evolving
according to linear theory, as well as to investigate the importance of this growth when non-linearity
comes into play. Several shear ﬂow types have been considered. The results show that non-modal
growth, i.e. growth not associated with individual eigenmodes but inherently dependent on their
superposition, can cause large transient ampliﬁcation. This growth is mainly associated with streaky
structures in the streamwise direction. Non-linear calculations have shown that when the optimal
disturbances from linear theory are used as initial conditions, the threshold amplitudes required
for transition to turbulence is lower than for general disturbances. Another part of the project involves direct numerical simulations (DNS) of transition to turbulence where these transient growth
mechanisms play a major role. This bypass of the traditional Tollmien-Schlichting instability waves
is involved in many shear ﬂow transition scenarios. Previously transition associated with localized
disturbances have been investigated, and at present the transition in boundary layers starting with
a pair of oblique waves is investigated. These waves generate elongated structures in the streamwise velocity which rapidly grow due to the non-modal mechanism. Finally transition in ﬂows with
separation is considered. Here DNS of a laminar separation bubble is investigated and disturbances
added in order to study laminar separation and turbulent reattachment.
Publication(s): (4)
Active Control of Boundary-Layer Transition
Researcher(s): Dan Henningson, Martin Berggren
Graduate student(s): Markus Högberg
Sponsor(s): TFR, FFA, NGSSC
Study and design of active control strategies for transition in boundary layer ﬂows is done within this
project. The control strategies will are designed using the optimal-control approach to control of the
Navier-Stokes equations and the adjoint-equation technique for associated gradient computations.
The strategies will be designed to control or delay bypass transition. This represents a signiﬁcant
new step compared to previous work almost exclusively devoted to anti-phase modal suppression
of two-dimensional TS-waves or wave packets. In particular the aim is to control the growth of
streaky structures associated with most bypass transition scenarios. The application is ﬂows with
free-stream turbulence, where an optimally designed feed-forward control will be implemented experimentally to delay transition.
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Modern stability prediction methods.
Researcher(s): Dan Henningson, Martin Berggren
Graduate student(s): Paul Andersson
Sponsor(s): NUTEK, KTH, FFA
The project concerns a new transition prediction tool which is being developed in cooperation with
DLR in Gottingen. The code uses the parabolized stability equations (PSE) and is so far based on
the linearized equations. The method uses a wave ansatz with a slowly varying amplitude function
and wave number, similar to the WKB method. In addition an auxiliary condition is introduced
which ensures uniqueness of the solution so that the traditional WKB expansion can be avoided. This
method has proven to be eﬃcient and to produce accurate stability results for complicated glows.
It has been carefully checked against existing solutions and will be extended to handle non- linear
interactions between wave components. Applications motivating the development of this method is
the hypersonic transition research carried out within the ESA FESTIP program and laminar wing
design carried out in the CEC EUROTRANS program. A new direction in this research is to use
optimization methods to predict the transition location in ﬂows with high free-stream turbulence
levels. This is done using adjoint methods, similar to those used in the active control project, and
parabolic approximations for the stability problem. A new transition prediction method has been
proposed. The later stages of transition induced by high free-stream turbulence levels have been
studied using secondary stability analysis.
Publication(s): (3)
Calibration and development of turbulence models.
Researcher(s): Dan Henningson
Graduate student(s): Martin Skote
Sponsor(s): NUTEK, PSCI
Correct modeling of turbulence is one of the most crucial areas for design computation of ﬂow around
wings and aircraft conﬁgurations. Current models are not accurate enough for many common ﬂow
cases, especially when they contain zones of separated ﬂow. The progress towards more reliable
turbulence models is considerably slowed down by the problems of calibration of these more com32

plex models and by the numerical problems they induce, in particular close to solid surfaces. While
most of the current model calibration relies on experiments, the advent of faster super computers
now allows simulation of turbulent ﬂow at increasing Reynolds numbers. From simulated data each
term in the exact model equation can be computed individually and the model calibrated term by
term. High quality simulation data applicable to calibration is at present scarce. This is especially
true for the aeronautically important cases of boundary layers in adverse pressure gradients. In the
project we simulate turbulent boundary layers for a number of ﬂow cases including adverse pressure
gradients with parameters in the range of interest for aeronautical applications. From the simulated data, turbulence models in current use for aerodynamic design are validated and/or calibrated.
The problems associated with more advanced turbulence models in the near wall region are also
considered.
Optimal design of vehicles with low drag.
Researcher(s): Dan Henningson, Martin Berggren
Graduate student(s): Jan Pralits
Sponsor(s): SSF, IVS
The project aims at developing methodology needed for optimal design of vehicles with low drag.
The general objective is to link aerodynamic computational tools with optimization techniques to
create a more automated ﬂow design process in order to improve ﬂow eﬃciency. The sensitivity of
the predicted drag, say, on the design parameters chosen can then eﬀectively be determined by the
use of so called adjoint methods. The aim is to automatically incorporate a transition prediction
method into the design process of low-drag vehicles. This chosen problem should be seen as one interesting example where these optimal design methods can be applied. The techniques developed in
the project are general and once mastered could be applied in a number of other design applications.
Measurement, modelling and simulation of turbulence.
Researcher(s): Arne Johansson
Graduate student(s): Krister Alvelius, Stefan Wallin, Franck Grégoire, Petra Wikström, Björn Lindgren
Sponsor(s): TFR, KTH, FFA
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The aim of the project is to develop and critically evaluate models for statistical description of
turbulent ﬂows. The main methods used within the present project for gaining further knowledge
of the physics of turbulence are experimental studies and direct numerical simulations of turbulent
ﬂows. The models so far investigated belong to the realm of one-point closures for the turbulent
stress tensor and turbulent heat ﬂux vector to be used for computational ﬂuid dynamics. The
main emphasis is laid on closures based on the transport equations for the turbulent stresses.
Particularly, our eﬀorts have been focused on the modeling problems of ﬂows exhibiting strongly
anisotropic turbulence. Especially the modelling of the inter-component transfer terms have been
studied and models for the pressure strain-rate have been proposed. New formulations of explicit
algebraic Reynolds stress models have been derived and tested with considerable success in a number
of test cases including complex cases such as a Mach 5 turbulent boundary layer with shock induced
separation. Also formulations of explicit algebraic Reynolds ﬂux models have been derived and
tested against experiments and direct numerical simulation of passive scalar transport in a turbulent
channel ﬂow. In conjunction with this modelling work also a DNS study of turbulent channel ﬂow
with heat transfer has been carried out. A large eﬀort has also been devoted to formulations of
Large Eddy Simulations in homogeneous turbulence and in channel ﬂow geometry. For the latter
case also a direct numerical simulation study for various rates of system rotation has recently
been ﬁnished. Results from these investigations formed the major part of Alvelius‘s doctoral theses
that was presented in October 1999. The construction of a new wind-tunnel has recently been
ﬁnished. Together with the MTL tunnel it is a primary experimental tool in this project. A main
underlying theme has been the improvement of understanding of the many aspects involved in the
development of single point closures of turbulence. Among recent major achievements of the group
in the modelling area we may mention:
• the ﬁrst direct experimental determination of slow and rapid pressure strain-rate
• new versatile, interactive tools for testing and calibration of turbulence models with ongoing
work for general 2D-geometries.
• new explicit algebraic models for the Reynolds stress tensor and the passive scalar ﬂux vector
• new simulations of rotating channel ﬂow and channel ﬂow with heat transfer
• a new forcing method to obtain stationary homogeneous turbulence in simulations
The 2D model tester is based on ﬁnite element methods with extensive use of highly automated
code generation.
Publication(s): (21), (22), (38), (39), (48)
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Numerical simulation of turbulent pipe ﬂow.
Researcher(s): Arne Johansson
Graduate student(s): Jukka Komminaho
Sponsor(s): KTH
A new code for the direct numerical simulation of turbulent pipe ﬂow is being developed. It is
based on spectral methods in all directions with Fourier series in the azimuthal and axial directions
and Chebyshev polynomials in the radial direction. This technique has so far not been successfully
applied to this problem although attempts in this direction have been pursued by some research
groups. The complexity of the algebra involved is quite severe. Veriﬁcation of the algorithm has
been done by comparing analytical and numerical growth rates of eigenmodes. The results from this
veriﬁcation have shown excellent agreement. The code is written in two diﬀerent versions, one for
pipe ﬂow and one for an annular cylindrical geometry. With the latter we have obtained solutions
for instabilities and ﬂow patterns in Taylor-Couette ﬂow with an imposed axial ﬂow.
Turbulent boundary layers at high Reynolds numbers and new wind-tunnel design
techniques.
Researcher(s): Arne Johansson
Graduate student(s): Björn Lindgren, Jens Österlund
Sponsor(s): NUTEK, Göran Gustafsson’s Foundation
For turbulent boundary layers typical Reynolds numbers are in most applications very high, whereas
most laboratory experiments have been carried out at low to moderate Re. In the present project
boundary layer measurements are carried out in the MTL wind tunnel at KTH, on a 7 mlong boundary layer plate and with free-stream velocities up to 50 m/s. This gives Reynolds numbers based
on momentum loss thickness of up to 20,000 or roughly 20 million based on x, which is realistic
for practical applications. Hot-wire anemometry is used with X-probes with box sides down to 0.10
mm. A traversing equipment especially suited for measurements in the near-wall region has been
constructed and new measurements using single and double probe arrangements have recently been
carried out. Measurements of ﬂuctuating wall shear stress with a number of diﬀerent types of probes
have been carried out. Among the techniques are the ‘hot-wire on the wall‘ technique and a new
MEMS type of sensor developed at UCLA-Caltech. This silicon based sensor was recently tested
in the MTL tunnel and was found to have a performance superior to that of traditional hot-ﬁlms.
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New results concerning the overlap region of turbulent boundary formed an important part of the
doctoral theses of J. Österlund, presented in Dec. 1999. The results contradicted some new proposals
of a power-law for the mean velocity in the overlap region, and instead coﬁrmed a classical log-law,
although with new values of the constants involved. It was also concluded that the universal overlap
region starts further out from the wall than previously assumed. A new wind-tunnel was inaugurated in October 1998 and its calibration was ﬁnished in June 1999. The design and calibration results
are included in the Licentiate thesis of B. Lindgren (June 1999). A special feature of this tunnel is
that expanding corners are used to eliminate a substantial part of the need for diﬀusers. In fact, all
the area expansion in the plane of the circuit is given by the corners (in total a factor of three). The
contraction ratio of nine is achieved by the use of plane diﬀusers with a total expansion of a factor
of three in the direction normal to the plane of the wind-tunnel circuit. The tunnel will be used
for a variety of applications with a test section construction that enables easy variation of the design.
Publication(s): (43), (42)
Development of 3d LDV measurement techniques with applications to wall bounded
shear ﬂows.
Researcher(s): Rolf Karlsson
Graduate student(s): Jan Eriksson
Sponsor(s): NUTEK, Vattenfall Utveckling AB
The aim of the project is to develop a practically useful methodology for making simultaneous 3D
LDV measurements with high spatial and temporal resolution, and to apply this technique to obtain
detailed 3D turbulence data in the plane turbulent wall jet. In a longer perspective, such data will
be used to improve near-wall Reynolds stress turbulence modelling. The ﬁrst phase of the project
has now been successfully completed, and measurements in an enclosed circular jet with a measuring
volume as small as 0.035 mm have been made. The second phase of the project is to supplement
an earlier (2D) experimental investigation of the turbulent wall jet with simultaneous 3D measurements of the total velocity vector. In particular, attention will be focussed on the equation for the
turbulent kinetic energy and on the limiting behaviour of the Reynolds stresses near the wall. The
3-component LDV measurements of phase 2 have now been concluded, and a thorough analysis of
the results is performed. A paper describing the 2-component measurements has been published in
Exp. Fluids. This experiment has also been used as a test case at the ERCOFTAC/IAHR Workshop on Reﬁned Flow Modelling, Paris April 1996 and in Delft June 1997. Together with Prof. W.K.
George, USA, and a group at Chalmers Univ. of Technology, the work on a similarity theory of the
plane wall jet is just concluded, and a paper will be submitted.
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Two-dimensional turbulence and diﬀusion of passive scalars therein.
Researcher(s): Erik Lindborg, Erik Aurell
Sponsor(s): TFR, KTH
The project aims at a deeper understanding of turbulent ﬂows that qualify as two-dimensional as
a ﬁrst approximation and diﬀusion of passive scalars in such ﬂows. The dynamics of the upper
atmosphere is the application which will be particularly investigated. Fundamental insight into the
dynamics of quasi-two-dimensional ﬂows is important when several problems of great practical importance are dealt with, such as the dispersion of pollutants, the dynamics of the ozone-layer and
weather prediction. The project will tie together the activities of Erik Aurell (Dept. of Math., SU)
with the turbulence group at the Dept. of Mech., KTH, in particular Erik Lindborg, and will greatly
beneﬁt from the combination of contributions from these two Departments. The methods used are:
fundamental analysis of the governing equations, development of simple mathematical models, direct numerical simulations (DNS), analysis based on the MOZAIC data set (wind and temperature
measurements from over 6000 ﬂights in the upper atmosphere) and ﬁnally a systematic comparison
between the results from modeling, DNS and data analysis.
Publication(s): (8)
Investigation of turbulent ﬂow separation using PIV.
Researcher(s): Barbro Muhammad-Klingmann
Graduate student(s): Kristian Angele
Sponsor(s): TFR
Flow separation occurs as a result of ﬂow deceleration over the surface of bodies such as lifting
wings, turbomachinery blading or diﬀusers. In most cases ﬂow separation causes severe performance
reduction, and it is therefore of great interest to predict. The objective of the present project is to
provide experimental data for a well-deﬁned test case, which can be used to develop accurate CFD
models. Flow separation can be controlled to some extent by introducing longitudinal vortices in
the boundary layer. The eﬀect of such vortex generators on the turbulence structure will be studied
experimentally.
The experiments are performed on a ﬂat plate mounted vertically the test section of a low speed
wind tunnel. The test section wall opposite to the plate can be expanded to an arbitrary shape,
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so that the pressure distribution can be varied at will. The boundary layer is removed from the
expanding surface by means of suction, forcing the ﬂow to decelerate on the ﬂat plate.
The boundary layer development is studied using LDV and PIV. The PIV technique has been tested in both decelerating and non-decelerating boundary layers, and it has been possible to obtain
accurate near-wall measurements of both mean and ﬂuctuation velocities - in fact, PIV gives better
near resolution for v‘ and u‘v‘ than both hotwire and LDV. But the most interesting use of PIV
is maybe the possibility to investigate sublayer streaks. In non-decelerating ﬂow, the sublayer is
much thinner than the light sheet, but in decelerating ﬂow the viscous scale increases, making it
possible to perform PIV measurements within the sublayer. This becomes all the more interesting
in connection with the study vortex generators and their eﬀect on turbulent ﬂow separation.
Publication(s): (45), (46)
Supersonic Flow Separation
Researcher(s): Barbro Muhammad-Klingmann, Jan Östlund (fd. Matsson)
Sponsor(s): TFR
A new generation of rocket engine nozzles using Flow Separation Control (FSC) is about to be
developed. The idea is to allow ﬂow separation during sea level operation, in order to increase performance during ﬂight. Such nozzles have a high potential to increase payload, which eventually
means increased capacity to launch satellites. Within the European space programme, an engine
based on this concept is planned to be launched 2005, provided that reliable methods can be developed for simulation of the ﬂuid dynamics and associated side load phenomena. Success in this
development will immediately reﬂect on the future competitiveness of VAC on the space craft market, and strengthen Sweden’s position as a partner in technical co-operation programmes directed
by ESA, as well as the evolving technology co-operation with Russia and USA.
The present research is expected to give:
1. validated turbulence models to be applied in CFD codes for computation of supersonic ﬂow
ﬁelds with separation
2. a method for treating the coupling of ﬂuid ﬂow and structural response.
Apart from their immediate aim, the results will also be directly applicable in military aircraft, e g
in the design of afterburners in RAM and SCRAMjets, air-breathing engines, and vectored nozzles
used to increase aircraft manoeuvring capabilities.
Activities include
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• analysis of data from full and subscale tests,
• developing appropriate CFD-methods for studying the observed phenomena, and
• deriving methods for scaling and engineering correlation.
The CFD program includes turbulence modelling of 3-dimensional time-dependent ﬂow with combustion, requiring heavy computation on parallel machines. The project is mainly performed at
VAC, and is closely related to test activities and concept studies for future European spacecraft.
Publication(s): (47)
Numerical methods for the ﬂow at multiple blade twin-wire forming of paper.
Researcher(s): Anders Dahlkild
Graduate student(s): Claes Holmqvist
The fundamental aspects of dewatering between two wires is to a great extent known, but presently
not accurately quantiﬁed for dewatering over multiple blades in a series. Detailed knowledge of the
involved mechanisms, e.g. wave propagation on free wires, facilitates controll of dewatering and
straining of the ﬁber suspension, which in turn can be used for controll of ﬂock distribution and
ﬁbre orientaion. The latter factors determine the quality of the paper.
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6.3

Education didactics

Distance Education and Flexible Learning
Researcher(s): Richard Hsieh, Göran Karlsson
Sponsor(s): The Distance Consortium
Development of a national distance course for distance teachers. Period of development was Jan. 10
- Sept. 15, 1998 followed by the 5 credit point courses given 1998/1999 and 1999/2000. Cooperating
universities: KTH, University of Lund, University of Uppsala, University of Umeå, University of
Växjö.
Distance Teacher Education and PBL
Researcher(s): Göran Karlsson
Sponsor(s): Fees from participants organisations
This 5 point credit course was originally developed through private investments outside KTH and
from 1998 integrated into KTH continuing education scheme; it is given once or twice every academic year in cooperation with University of Karlstad and Centronics AB, Uppsala.
CECEN - Continuing Education Centres Network in the Oltenia Region.
Researcher(s): Göran Karlsson
Sponsor(s): EU: TEMPUS JEP 12083-97
The objective of the project CECEN is the setting up of a continuing education and retraining
centres network ‘CECEN‘ in the Oltenia region in southeast Romania with a multi-disciplinary
approach in the areas of high technology (Telecommunications, Computer Science, Software Engineering, Robotics, energy production, mining, public administration, quality control, tourism.) The
main outcome of the proposed project envisages setting up of Oltenia University Enterprise Liaisons
Centres Network (OLC) aimed for continuing education and retraining for university graduates in
the Oltenia region. The regional approach of such an complex endeavour is basically the gradual
solution of implementing the restructuring reform of higher education having as an endpoint the
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future interconnection. These centres are located in all Oltenian universities, Craiova, Petrosani
and Targu-Jiu and the major activity planned in are short and medium-term retraining/ updating
courses including complementary education in a multi-disciplinary approach. Among other forms of
courses, there are planned short intensive courses held by professors from EU partner universities
and organisations and short intensive courses for data communications node administrators. These
centres (OLC) are to be interconnected via a regional academic computer network as a part of ROEDUNET (Romanian Academic Network).With the contribution of EU university partners a credit
recognition transfer scheme for the complementary education, compatible to ECTS, is proposed.
Activities 1999: 1. Göran Karlsson participated in project meeting i Munich, Germany, June 15-18,
1999. 2. Göran Karlsson participated in project meeting in Petrosani, Romania, December 8-12,
1999. 3. One guest scientist, Prof. Mircea Grosu, from Craiova visiting the Mechatronics Group at
Dept. of Machine Design (Prof. Jan Wikander) Febr.8 - March 6, 1999. 4. Two guest scientists,
Assoc. prof. Constantin Pattrascu and Prof. Ilie Diaconu, from Craiova visiting Production Engineering at the Dept, of Materials Processing (Prof. Mihai Nicolescu) Nov. 11 - Dec. 15, 1999.
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7
7.1

Research activities
Doctoral theses defended 1999
Jens Österlund

Thesis title: Experimental studies of zero pressure-gradient turbulent boundary layer ﬂow
Date: December 17 , 1999
Faculty opponent: Professor Hans Fernholz, HFI Berlin
Evaluation Commitee: Doctor Rolf Karlsson, Vattenfall Utveckling AB, Professor HÂkan Gustavsson, LuTH, Professor Lennart Löfdahl, CTH
Main Advisor: Professor Arne Johansson

Paul Andersson
Thesis title: Modelling of Boundary Layer Stability.
Date: December 16 , 1999
Faculty opponent: Anatoli Tumin, Tel Aviv-University, Israel
Evaluation Commitee: Prof Per Lötstedt, TDB, Uppsala, Professor Håkan Gustavsson, Luth, Graduate student Anders Lundbladh, Volvo Aero Corporation, Trollhättan
Main Advisor: Professor Dan Henningson

Krister Alvelius
Thesis title: Studies of turbulence and its modelling through large eddy- and direct numerical simulation.
Date: October 1 , 1999
Faculty opponent: Dr Jeﬀrey Chasnov, Hong Kong Univ of Science & Tech
Evaluation Commitee: Professor Bertil Gustafsson, TDB, Univ. of Uppsala, Professor Lars Davidsson, CTH, Professor Lars-Erik Eriksson, Volvo Flygmotor AB, Trollhättan
Main Advisor: Professor Arne Johansson
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Daniel Söderberg
Thesis title: Hydrodynamics of Plane Liquid Jets Aimed at Applications in Paper Manufacturing.
Date: September 1 , 1999
Faculty opponent:
Evaluation Commitee:
Main Advisor: Professor Fritz Bark

Anders Lennartsson
Thesis title: Eﬃcient Multibody Dynamics.
Date: June 4 , 1999
Faculty opponent: Professor Vijay Kumar, University of Pennsylvania
Evaluation Commitee: Professor Anders Eriksson, Inst för byggkonstruktion, KTH, Professor Germund Dahlquist, NADA, KTH, Dr. Annika Stensson, Avd för datorstödd konstruktion, LuleÂ Tekn
Universitet.
Main Advisor: Professor Martin Lesser

7.2

Licentiate theses presented 1999
Björn Lindgren

Thesis title: Development of guide-vanes for expanding corners with application in wind-tunnel
design
Date: June 1 , 1999
External examiner: Professor Lennart Löfdahl, CTH
Main Advisor: Professor Arne Johansson
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Ruben Wedin
Thesis title: Numerical studies of two-phase ﬂows in gas evolving electrochemical applications.
Date: March 19 , 1999
External examiner: Professor Uwe Schaﬂinger, Institut fur Strömungslehre und Wärmeubertragung,
Graz
Main Advisor: Senior Lecturer Anders Dahlkild

Francois Gurniki
Thesis title: Electrochemical Mass Transfer in Near-wall Regions and Turbulent Flows.
Date: April 16 , 1999
External examiner: Professor Antoine Alemany, INPG, Grenoble
Main Advisor: Professor Fritz Bark

Mehran Parsheh
Thesis title: Aspects of boundary layers, turbulence and mixing in a plane contraction with elastic
guide vanes, envisaging potential application to paper manufacturing.
Date: April 8 , 1999
External examiner: PhD Johan Westin, KTH, Mekanik
Main Advisor: Senior Lecturer Anders Dahlkild

GÈrald Audenis
Thesis title: On the impingement of a plane liquid jet on the wires of a paper machine.
Date: February 15 , 1999
External examiner: PhD Mark Martinez, STFI
Main Advisor: Senior Lecturer Anders Dahlkild

Ola Widlund
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Thesis title: A Reynolds stress closure for magnetic dissipation of turbulence in liquid metals
Date: January 22 , 1999
External examiner: Professor André Thess, Technische Universität Ilmenau
Main Advisor: Professor Fritz Bark

Tadahisa Terao
Thesis title: Direct numerical simulation of active control of turbulent channel ﬂow
Date: March 22 , 1999
External examiner: Professor Laszlo Fuchs, LTH
Main Advisor: Professor Arne Johansson
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7.3
7.3.1

Publications 1999
Published (and accepted) papers in archival journals and books

[1] Nordström, J., Nordin, N., Henningson, D.S, 1999, The Fringe Region Technique Used in
the Direct Numerical Simulation of the Incompressible Navier-Stokes Equations., SIAM J. Sci.
Comp., 20, 1365-1393
[2] Johansson, B, Apazidis, N., Lesser, M.B., 1999, On shock waves in a conﬁned reﬂector,
Wear, 233-235, 79-85
[3] Andersson, P., Berggren, M, Henningson, D.S, 1999, Optimal Disturbance and Bypass
Transition in Boundary Layers, Phys. Fluids, 11, 134-150
[4] Berlin, S., Wiegel, M, Henningson, D.S, 1999, Numerical and Experimental Investigations
of Oblique Boundary Layer Transition., J. Fluid. Mech., 393, 23-57
[5] Dankowicz, H., Coller, B.D., 1999, Evolving Control Strategies for Suppressing Heteroclinic
Bursting., Dynamics and Control, 9, 149-171
[6] Dankowicz, H., 1999, On the Modeling of Dynamic Friction Phenomena., ZAMM, 79, 399-409
[7] Enflo, B.O., 1999, On the connection between the asymptotic waveform and the fading tail
of an initial N-wave in nonlinear acoustics., Acta Acustica, 84, 401-413
[8] Lindborg, E., 1999, Correction to the four-ﬁfths law due to variations of the dissipation., Phys.
Fluids, 388, 259-288
[9] Widlund, O., Zahrai, S., Bark, F.H., 1999, On MHD turbulence models for simulation of
magnetic brakes in continuous steel casting processes., Transfer Phenomena in Magetohydrodynamic and Electroconducting Flows. Alemany, Kluwer Academic Publishers, 61-76
[10] Amberg, G., Tönhardt, R., Winkler, C., 1999, Finite Element simulations using symbolic
computing., Mathematics and Compouters in Simulation, 49, 257-274
[11] Dahlqvist, P., 1999, Error of semiclassical errors in the semiclassical limit - An asymptotic
analysis of the Sinai billiard., J. Phys A.
[12] Dankowicz, H., 1999, On the Successive Constraints Approach to Multibody mechanisms.,
Course Literature, KTH, 3, 267-286
[13] Nielsen, S. F., Dahlqvist, P., Cvitanovic, P., 1999, Periodic orbit sumrules: Accelerating
cycle expansions, J. Phys A., 32, G752
[14] Söderholm, L.H., 1999, A Generalized Fermi Derivative and Dissipative Gas Dynamics Equations., Class. Quantum Grav., 16, 2225-9
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[15] Adolfsson, J., Dankowicz, H., Nordmark, A., 1999, 3D Passive Walkers: Finding Periodic Gaits in the presence of Discontinuities., Nonlinear Dynamics
[16] Wedin, R., Dahlkild, A.A., 1999, A numerical and analytical hydrodynamic twophase study of an industrial gas-lift chlorate reactor., Computational technologies for ﬂuid/thermal/structural/chemical systems with industrial applications, 1, 125-136
[17] Winkler, C., Amberg, G., Inoue, H., Koseki, T., Fuji, M., 1999, The Eﬀect of Surfactant Redistribution on the Weld Pool Shape during GTA-Welding., Science and Technology of
Welding and Joining
[18] Winkler, C., Amberg, G., Carlberg, T., 1999, Radial Segregation due to Weak Convection in a Floating-Zone., J. Crystal Growth
[19] Gurniki, F, Zahrai, S., Bark, F.H., 1999, Turbulent free convection in large electrochemical
cells with a binary electrolyte., J. Appl Electrochem., 29, 27-34
[20] Berlin, S., Henningson, D.S, 1999, A new nonlinear mechanism for receptivity of freestream disturbances., Phys. Fluids
[21] Johansson, A.V., 1999, Explicit algebraic Reynolds stress and Reynolds ﬂux modelling: A
review of current activities at KTH., ERCOFTAC bulletin, 40, 39-45
[22] Johansson, A.V., Burden, A.D., 1999, An introduction to turbulence modelling. Chapter
4., Transition, Turbulence and Combustion Modelling, ERCOFTAC Series vol. 6, Kluwer, 6,
159-242
[23] Nyberg, C., 1999, Spectral Analysis of a Two Frequency Driven Resonance in a Closed Tube.,
Acoustical Physics, 45, 86-93
[24] Elofsson, P.A., Kawakami, M., Alfredsson, P.H., 1999, Experiments on the stability of
streamwise streaks in plane Poiseuille ﬂow., Phys. Fluids, 11, 915-930
[25] Talamelli, A., Westin, K.J.A., Alfredsson, P.H., 1999, An experimental investigation
of the response of hot-wire X-probes in shear ﬂows., Exp. in Fluids
[26] Söderberg, D.L, Alfredsson, P.H., 1999, Experiments concerning the origin of streaky
structures inside a plane water jet., J. Pulp and Paper Sci.
[27] Gurbatov, S.N., Enflo, B.O., Pasmanik, G.V., 1999, The decay of pulses with complex
structure according to Burgers’ equation, Acta Acustica, 85, 181-196
[28] Essén, H., 1999, Magnetism of matter and phase-space energy of charged particle systems.,
J. Phys. A: Math. Gen, 32, 2297-2314
[29] Nordmark, A., Essén, H., 1999, Systems with a preferred spin direction., Proc. R. Soc.
Lond. A, 455, 933-941
[30] Fredriksson, M, Borglund, D., Nordmark, A., 1999, Experiments on the Onset of Impacting Motion Using a Pipe Conveying Fluid., Nonlinear Dynamics, 19, 261-271
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[31] Thor, A J, 1999, IEC standardizes preﬁxes for binary multiples - Amendment 2 to IEC
60027-2., IEC TC Newsletter, 6, 4
[32] Halvorsen, K., Lesser, M.B., Lundberg, A., 1999, A new method for estimating the axis
of rotation and the center of rotation., Journal of Biomechanics, 32, 1221-1227
[33] Parsheh, M., Dahlkild, A.A., 1999, Modelling the ﬂow around elastic guiding vanes and
turbulence in a two-dimensional contraction., Proceedings of TAPPI Engineering Conference,
Anaheim
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7.3.2

Published (and accepted) papers in conference proceedings

[34] Winkler, C., Amberg, G., Koseki, T., 1999, The Role of Surfactant Mass Transfer in
GTA-Welding., Mathematical Modeling of Weld Phenomena 5. Institute of Materials, London,
1999
[35] Söderholm, L.H., Yoshida, N., 1999, Moments Equations Based on First-Order ChapmanEnskog Solution II - Relativistic Gas -, Rareﬁed Gas Dynamics, 21, 111-8
[36] Gurbatov, S.N., Hedberg, C.M., 1999, A shock wave in a bubbly ﬂuid, Scientiﬁc/Technical
Report No. 429904, Department of Telecommunications, Norwegian University of Science and
Technology, N-7491 Trondheim. Proceedings of the 22nd Scandinavian Symposium on Physical
Acoustics, 31 Jan. - 3 Feb. 1999, 37-38
[37] Fukagata, K., Zahrai, S., Bark, F.H., Kondo, S., 1999, Inﬂuence of the near-wall drag
correction in a Lagrangian simulation of particulate turbulent channel ﬂow., Turbulence and
Shear Flow Phenomena - 1, 259-264
[38] Alvelius, K., Johansson, A.V., 1999, Modelling of the length scale and variance of subgrid
quantities in a turbulent channel ﬂow., Recent Advances in DNS and LES, Kluwer (book), 61-72
[39] Terao, T, Johansson, A.V., 1999, Active Control of Fully Developed Turbulent Channel
Flows., Turbulence and Shear Flow Phenomena - 1, 1327-1332
[40] Ferrari, J., Ipek, N., Lior, N., Holm, T., 1999, Flow considerations in Quenching Vessels.,
Proc. 3rd ASM Int’l Conf. On Quenching And Control Of Distorsion, Prague, Czech Republic,
93
[41] Söderholm, L.H., 1999, On the Kuznetsov Equation and Higher Order Nonlinear Acoustics
Equations., Proc. 15th International Symposium on Nonlinear Acoustics, Göttingen., 133-136
[42] Österlund, J. M., Johansson, A.V., 1999, Measurements in a ﬂat plate turbulent boundary
layer., Turbulence and Shear Flow Phenomena - 1, 297-302
[43] Österlund, J. M., Johansson, A.V., Nagib, H.M., Hites, M. H., 1999, Wall Shear Stress
Measurements in High Reynolds Number Boundary Layers from Two Facilities., AIAA 99 30th
Fluid Dynamics Conference, 28 June - 1 July, Norfolk, Virginia
[44] Sandqvist, H., 1999, A shock wave in a bubbly ﬂuid., Scientiﬁc/Technical Report No. 429904,
Department of Telecommunications, Norwegian University of Science and Technology. Proceedings of the 22nd Scandinavian Symposium on Physical Acoustics, 31 Jan.-3 Feb. 1999, 37-38
[45] Angele, K., Muhammad-Klingmann, G.B., 1999, The use of PIV in turbulent boundary
layer ﬂows., Proc. IUTAM Symposium on on Geometry and Statistics of Turbulence, Hayama,
Japan
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[46] Muhammad-Klingmann, G.B., Gustavsson, J., 1999, Experiments on turbulent ﬂow separation., ImechE Conference Transactions: Third Eurpean Conference on Turbomachinery (Professional Engng. Publ. Ltd), A, C557/153, 210-220
[47] Östlund (fd. Matsson), J., Jaran, M., 1999, Assessment of turbulence models in overexpanded rocket nozzle ﬂow simulations., Navier-Stokes algorithms and software for computational
ﬂuid dynamics (book), AIAA-99-2583
[48] Wikström, P.M, Johansson, A.V., 1999, On the modelling of the transport equation for
the passive scalar dissipation rate., Proc. of the 4:th International Symposium on Engineering
Turbulence Modelling and Measurements, 175-184
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7.3.3

Technical reports

[49] Söderholm, L.H., Eriksson, M., 1999, The cm-package. A Maple program for continuum
mechanics calculations., MSc thesis (Examensarbete)
[50] Khalifa, A., 1999, Detailed Numerical study of the Flutter behavior of Turbine blade at
Design and oﬀ design conditions with H-type computation grid using ICEMCFD., Technical
report
[51] Lundbladh, A., Berlin, S., Skote, M., Hildings, C., Choi, J, Kim, J.W., Henningson,
D.S, 1999, An eﬃcient spectral method for simulation of incompressible ﬂow over a ﬂat plate.,
Technical report, KTH/MEK/TR–99/11-SE
[52] Lindgren, B., 1999, Development of guide-vanes for expanding corners with application in
wind-tunnel design, Licentiate thesis, KTH/MEK/TR–99/8–SE
[53] Fukagata, K., 1999, Large Eddy Simulation of Particulate Turbulent Channel Flows., Doctoral thesis, KTH/MEK/TR–99/17–SE
[54] Widlund, O., 1999, A Reynolds stress closure for magnetic dissipation of turbulence in liquid
metals., Licentiate thesis, KTH/MEK/TR–99/1–SE
[55] Audenis, G., 1999, On the impingement of a plane liquid jet on the wires of a paper machine.,
Licentiate thesis, KTH/MEK/TR–99/2–SE
[56] Wedin, R., 1999, Numerical studies of two-phase ﬂows in gas evolving electrochemical applications., Licentiate thesis, KTH/MEK/TR–99/3–SE
[57] Parsheh, M., 1999, Aspects of boundary layers, turbulence and mixing in a plane contraction
with elastic guide vanes, envisaging potential application to paper manufacturing., Licentiate
thesis, KTH/MEK/TR–99/4–SE
[58] Lindgren, B., 1999, Development of guide-vanes for expanding corners with application in
wind-tunnel design., Licentiate thesis, KTH/MEK/TR–99/8–SE
[59] Svärd, M, 1999, Numerical simulation of a wave in a moderately rareﬁed gas., MSc thesis
(Examensarbete), KTH/MEK/TR–99/14–SE
[60] Pavlov, I., 1999, Diﬀraction of sound from a point source against screens with periodical edge
proﬁles., Licentiate thesis, KTH/MEK/TR–99/18–SE
[61] Andersson, P., 1999,
KTH/MEK/TR–99-12–SE

Modelling

of

Boundary

Layer

Stability.,

Doctoral

thesis,

[62] Alvelius, K., 1999, Studies of turbulence and its modelling through large eddy- and direct
numerical simulation., Doctoral thesis, KTH/MEK/TR–99-09–SE
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[63] Söderberg, D.L, 1999, Hydrodynamics of Plane Liquid Jets Aimed at Applications in Paper
Manufacturing., Doctoral thesis, KTH/MEK/TR–99-10–SE
[64] Lennartsson, A., 1999, Eﬃcient Multibody Dynamics., Doctoral thesis, KTH/MEK/TR–9901–SE
[65] Gurniki, F, 1999, Electrochemical Mass Transfer in Near-wall Regions and Turbulent Flows.,
Licentiate thesis, KTH/MEK/TR–99-05–SE
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7.4

Seminars

March 10 Anders Martin-Löf, Institute of Actuarial Mathematics and Mathematical Statistics,
Stockholm University
A reﬁned theory of Brownian motion based on ﬂuctuating hydrodynamics.
March 24 Bengt Enﬂo, KTH, Mekanik
Fourier decomposition of a plane nonlinear sound wave developing from a sinusoidal source.
March 31 Harry Dankowicz, KTH. Mekanik
Existence of Stable 3D-Gait in Passive Bipedal Mechanisms.
April 28 Harry Dankowicz, KTH. Mekanik
Sophia Visual, simulering och animering av ﬂerkroppsmekanismer.
May 21 Krister Alvelius, KTH, Mekanik
The use of stochastic processes in turbulence simulations.
May 26 Kazuo Aoki, University of Kyoto
Some kinetic eﬀects caused by a sharp edge in a gas.
May 27 M. Lakshmanan, Dept of physics and Centre for Nonlinear Dynamics, Bharathidasan University, India.
Spatio-temporal patterns in arrays of coupled nonlinear oscillators.
May 31 Anders Bodare, Soil and Rock Mechanics, KTH
A model and and test results for train induced ground vibrations at sub- and superseismic speeds.
June 22 Yoshio Sone, Dept Aeronautics and Astronautics, Kyoto University
Experiment on a one-way ﬂow without average pressure and temperature gradients.
June 23 Mikael Eriksson, KTH
The cm-package. A Maple program for continuum mechanics calculations.
September 16 Pinhas Bar-Yoseph, Technion, Haifa, Israel
Multiple states and bifurcations of convective ﬂows in long horizontal cavities.
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September 23 Cyrus Aidun, Institute of Paper Science and Technology, and School of Mechanical
Engineering, Georgia Institute of Technology
Dynamics of solid particle motion and solid-solid interaction in ﬂuids.
September 29 Kurt Johansson, Mathematics, KTH
On phase transitions in one-dimensional gases
September 30 Jeﬀrey Chasnov, Hong Kong Univ of Science & Tech
Self-similar decay of two-dimensional turbulence
October 1 Krister Alvelius, KTH, Mekanik
Studies of turbulence and its modelling through large eddy- and direct numerical simulation
October 4 Gustaf Mårtensson, KTH, Mekanik, FaxénLaboratoriet
A PIV study of turbulence near the wall behind a pull-through grid in a box
November 24 Leif Kari, Marcus Wallenberg Lab. for Sound and Vib. Research
On Fractional Derivatives Models of Solids
November 30 Magnus Svärd, KTH
Numerical simulation of a wave in a moderately rareﬁed gas
December 1 Petri Piiroinen, Mekanik, KTH
Why 3D is not 2D - symmetry breaking in passive walkers
December 7 Lars Söderholm, KTH, Mekanik
On higher order nonlinear acoustic equations
December 16 Paul Andersson, KTH,Mekanik
Modelling of Boundary Layer Stability
December 17 Jens Österlund, KTH, Mekanik
Experimental studies of zero pressure-gradient turbulent boundary layer ﬂow
December 20 Peter Löfgren, KTH, Mekanik, Faxén Laboratory
Numerical Modeling of Flows with Complex Chemical Reactions
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8

The Faxén Laboratory

A short description of the Faxén Laboratory is given below for 1999. The text in this section is an
extract (with some modiﬁcations) of the separate activity report for the Faxén Laboratory written
by Anders Dahlkild. The mechanics department is the ‘host’ department for the Faxén Laboratory
(web address: http://www.mech.kth.se/faxenlab).

8.1

Introduction

The Faxén Laboratory, below referred to as FLA, is a NUTEK competence centre with the goal
of making research results and methods in experimental, numerical and theoretical ﬂuid mechanics
easily available for the participating industrial partners. It is also a goal to broaden the multidisciplinary knowledge base of ﬂuid mechanics in industrial process technology by means of a research
program leading to Licentiate and Doctoral degrees. The costs of this centre are shared equally
between KTH, NUTEK, and the following parties from industry:
ABB Corporate Research
ABB Automation Systems AB
ABB Switchgear AB
AGA AB
Albany Nordiskaﬁlt AB
Alfa-Laval Separation AB
Assi-Domän AB
Avesta Sheﬃeld AB
Eka Chemicals AB
Korsnäs AB
MoDo Paper AB
Outkumpu Copper Partners AB
Permascand AB
SCA Research AB
SKF ERC
Stora Enso Research
Valmet Corporation
Vattenfall Utveckling AB (The Vattenfall Development Co.)
Volvo Car Corporation Components AB
The following ﬁnancers are contributing as non-signatory partners:
University of Tokyo
Institut Polytechnique de Grenoble
University pf Pennsylvania
MISTRA (Stiftelsen för Miljöstrategisk Forskning)
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Staﬀ from the following departments of KTH are involved in the activities of the FaxénLaboratoriet:
• Alfvénlaboratoriet (ALF)
• Dept. of Chemical Engineering & Technology
• Dept. of Materials Processing
• Dept. of Mechanics (host department of the FaxénLaboratoriet)
• Dept. of Pulp and Paper Chemistry & Technology
The inter-disciplinary character of the work at FLA is well illustrated by the names of these departments.

8.2

Management and organisation of the Centre

Major decisions about the activities of FLA are made by its Board. The present members of this
are: Magnus Davidsson, Eka Chemicals AB, Torsten Holm, AGA AB, Rolf Karlsson, Vattenfall
Utveckling AB (Chairman), Arne Johansson, Dept. of Mechanics, KTH, Björn Widell, Professor,
ABB Industrial Systems Anders Wigsten, PhD, Stora Corporate Research, Lars Hanarp, Albany
Nordiskaﬁlt AB.
The operative leadership at FLA consists of the following persons:
Professor Fritz Bark, Dept. of Mechanics, KTH – Director
PhD Anders Dahlkild, Dept. of Mechanics, KTH - Scientiﬁc secretary
PhD Michael Vynnycky, Dept. of Mechanics, KTH - Scientiﬁc coordinator
Administration of the Centre is handled by:
Ingunn Wester, Dept. of Mechanics, KTH - administrative head.
The research eﬀorts of Faxén Laboratory are aimed at these three main areas:
Electrochemistry
Materials processing
Paper technology

8.3

Research performed at Faxén Laboratory

Relevant publications are listed in section 7.3. The Faxén Laboratory arranged a number of seminars
listed in section 7.4.
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8.3.1

Electrochemical engineering

Participating bodies from industry: ABB Corporate Research, Avesta Sheﬃeld AB, EKA Chemicals
AB, Permascand AB, Vattenfall Utveckling AB.
Other party: Institut Polytechnique de Grenoble, University of Pennsylvania.
General description:
Electrolysis takes place in baths of electrolyte in so called electrolysers, in which a number of electrodes are immersed, either connected in series or in parallel. Due to the reactions at the electrodes
the concentration ﬁeld varies in space, with the result that the electrolytes weight (per unit volume)
will be locally either less or more than the average weight in the bath. Consequently the electrolyte
is set in motion by the force of gravity. This motion is nearly always turbulent. Furthermore, in
e.g. the production of sodium chlorate, hydrogen gas is generated at the cathode and in the zinc
electro-winning process, oxygen gas is evolved also at the anode. Due to drag force between the
bubbles and the electrolyte, the upward motion of the bubbles of gas causes turbulent circulation
of the electrolyte in the reactor.
Many problems which are closely related to the ﬂuid mechanical phenomena mentioned above, are
highly relevant for optimisation of the design of electrolysers. For instance, the exchange of mass
at the electrodes should be maximized, which requires a rapid supply of undepleted electrolyte.
However, high velocities result in short residence times in the electrolysers, which leads to a lot
of electrolyte passing through the electrolyser without being fully used. The development of gas
bubbles at the electrodes is often exploited to drive the electrolyte through the electrolyser, but at
the same time a large volume fraction of bubbles increases the electrical resistance of the electrolyte,
which increases the Ohmic loss of energy. Today, the consumption of energy is perhaps the most
critical problem in the electro-chemical process industry.
Projects:
Contracted projects:
I:1 Turbulent free convection in large cells.
Computing turbulent convection in electrochemical cells
- Researcher: François Gurniki - advisor: Said Zahrai.
Measurement of turbulent ranges in free convection.
- Researcher: Johan Persson - advisor: Rolf Karlsson.
I:2 Gas-evolving electrodes.
Computing the two-phase ﬂow in gas-evolving, electrochemical cells.
- Researcher: Ruben Wedin - advisors: Anders Dahlkild, Fritz Bark.
Experiments involving systems of electrodes developing gas
Researchers: Philip Byrne - advisors: Göran Lindberg, Ed Fontes.
- Senior researcher: Patrick Boisonneau
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I:3 Pickling of steel.
Modelling of electrolytic pickling.
- Researcher: Nulifer Ipek - advisors: Noam Lior, Michael Vynnycky.
Externally ﬁnanced projects:
I:4 Modelling of annular ﬂow in nuclear fuel reactors/ ABB CRC
-Researcher: Ulrike Windecker, ABB CRC - advisor: Said Zahrai
I:5 Mass transfer in chemically reacting systems/ ABB CRC
- Researcher: Peter Löfgren - advisor: Said Zahrai
I:6 Hydrodynamics of solid polymer fuel cells/ MISTRA
- Researcher: Erik Birgersson - advisor: Göran Lindberg, Michael Vynnycky
Cooperation schemes with companies:

• Avesta Sheﬃeld AB, Eka Chemicals AB and Vattenfall Utveckling AB are represented in the
guidance group.
• Philip Byrne’s experimental setup of gas-evolving electrodes is completed by Permascand AB,
and the ﬁrst experiments will be carried out at the Eka Chemicals plant in Sundsvall or at
KTH. LDV equipment for measurements is supplied by Vattenfall Utveckling AB.
• Johan Persson, doctoral student at FaxénLaboratoriet, has been 50 per c ent employed by
Vattenfall Utveckling AB.
• Test rig for high Rayleigh number free convection experiment was built at Vattenfall Utveckling
AB.
• Said Zahrai, ABB Corporate Research, is tutoring three of the research students active in this
programme.
• Ed Fontes, Eka Chemicals AB, is assisting tutor for one research student.
• Rolf Karlsson, Vattenfall Utveckling AB is tutoring one research student.
• A model test rig for ﬂow ﬁeld vizualization of electrolytic pickling was buil t by Avesta Sheﬃeld
AB.
International cooperation
• The Two-Phase Flow Team of LEGI, Grenoble, has oﬀered to host Ruben Wedin for six months
starting November 1999 for experiments in their bubble ﬂow loop. A device for electrochemical
production of bubbles, to be mounted in the loop, designed by Philip Byrne, has been built
by Permascand AB.
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Guest researchers
Prof Noam Lior : October 24-30, 1998, August 1-10, 1999.

8.3.2

Materials processing

Participating bodies from trade & industry: ABB Corporate Research, ABB Automation Systems
AB, ABB Switchgear AB, AGA AB, Outokumpu Copper Partner AB, SKF ERC, Volvo Personvagnar Komponenter AB.
Other parties: University of Pennsylvania, University of Tokyo
General description:
In continuous casting of metals the molten material or melt is supplied continuously through a
cooling annulus, the mould. Solidiﬁcation ﬁrst takes place at the rim of the melt, forming a shell
in contact with the mould. The solidiﬁcation continues outside the mould, gradually building up a
thicker shell until the whole cross section is solid metal. The quality of the steel and structure of the
metal surface depends to a great extent on the ﬂow of the melt in the mould. Due to the turbulent
motion caused by the violent ﬁlling process, slag material at the upper surface of the melt is easily
mixed into the melt, contaminating the ﬁnal product with small inclusions. One way of reducing
this contamination is to use a so-called electromagnetic brake, by which a magnetic ﬁeld is used to
calm down the turbulent motion. The surface structure of the ﬁnal product is dependent on the ﬂow
in the neighbourhood of the contact line at the mould between molten and solidiﬁed material. The
poorly understood interplay between the solidiﬁcation process, surface tension, gravity and forces
induced by the ﬂow is now being investigated.
In the mechanical engineering industry heat treatment is a central process in the manufacture
of high-performance components such as bearings, gears and sledge-hammers. These products obtain their mechanical properties as a result of the phase changes which take place during coo-ling
(quenching or hardening) after heat treatment. The activities of the Centre concerning hardening
of steel will be carried out in collaboration with the Swedish Institute for Metals Research at which
theoretical and experimental research is being carried out under the supervision of the Technical
Council of the Swedish Mechanical Engineering Industry. Also the Brinell centre for metallurgical
research will participate in these eﬀorts. In the Faxén Laboratory, realistic computational methods will be developed for the heat transfer between component and cooling gas. These methods
will complement the existing simulation models for the transport of heat, the phase changes and
the mechanical response, i.e. rest stresses and deformation, within the component. The resulting
computational model will consti-tute both a unique and a powerful tool for controlling hardening
processes.
Projects:
Contracted projects:
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II:1 Modelling of MHD-turbulence
Electromagnetic braking in continuous casting; modelling of turbulence
- Researcher: Ola Widlund - advisor: Said Zahrai.
II:2 Stability of contact lines
Early stage solidiﬁcation in Continuous casting process
- Researcher: Jessica Elfstrand - advisor: Hasse Fredriksson.
II:3 Continuous casting of copper alloys.
Modelling of ﬂuid ﬂow, heat ﬂow and solidiﬁcation in a strip caster
- Researcher: Jafar Mahmoudi - advisor: Hasse Fredriksson, Michael Vynnycky.
II:4 Quenching of steel Numerical simulation of a gas quenching chamber
- Researcher: Jerome Ferrari - advisor: Noam Lior
Gas cooling for hardening steel
- Researcher: Mats Lind - advisor: Noam Lior
II:5 Simulation of turbulent ﬂow with particles
LES-simulation of turbulent channel ﬂow with particles
- Researcher: Koji Fukagata - advisor: Said Zahrai.
II:6 Material changes when braking large currents
Ablation controlled arcs in circuit breakers
- Researcher: Torbjörn Nielsen - advisor: Said Zahrai
II:7 Modelling of turbulence at small Rossby numbers
- Researcher: Jonas Gunnarsson - advisor: Arne Johanson
II:8 Numerical modelling of liquid metal ﬂow with a free surface
- Researcher: Mats Larsson - advisor: Torbjörn Hellsten, Jin Lee
Externally ﬁnanced projects:
II:9 Flow in heat exchangers/ ABB CRC
- Researcher: Johan Palm - advisor: Said Zahrai
Cooperation schemes with companies:

• ABB Automation Systems AB, AGA AB and SKF ERC are represented in the guidance group.
• Koji Fukagata, QUEST, University of Tokyo and FLA, is working for his PhD within the
FaxénLaboratoriet programme while employed in Tokyo.
• Said Zahrai of ABB Corporate Research is working 20 per cent of his time at FaxénLaboratoriet,
tutoring Ola Widlund by spending one day a week at KTH.
• In the course of his AGA AB project Mats Lind is in constant touch with the Project group for
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low-pollution hardening at the Swedish Institute of Production Engineering Research. Besides
AGA AB this group includes Ovako Steel AB, UGAB, Volvo PV AB Transmission, Sandvik
Rock Tools AB, SKF Sweden AB and Scania AB.
• At ABB ASY a trip to the USA is being planned for two students to take part in the start-up
of an electromagnetic brake.
• Torbjörn Nielsen has his oﬃce at ABB CRC and makes use of their computer system.
• Mats Larsson spends much of his oﬃce time at ABB ASY where Jin Li acts as his assisting
supervisor.
• The student active in project II:7 spends part of his time at Alfa-Laval and performs his
experimental work there.

8.3.3

Paper technology

Participating bodies from trade & industry: Albany Nordiskaﬁlt AB, Assi Domän AB, Korsnäs AB,
MoDo AB/R&D, SCA Research AB, Stora Corporate Research AB, Valmet Corporation.
General description:
In a paper-making machine a suspension of cellulose ﬁbres is turned into a wet mat of ﬁbre by
squirting out most of the water. In traditional forming, most of the water is squirted out of the
suspension on a moving horizontal ﬁltering net, a so called ’wire’. The suspension is transferred
to the wire by the means of a thin but broad jet from a ’head box’. The water is then sucked
out of the suspension through the wire. However, there are a number of drawbacks in this method.
Hydrodynamic instabilities in the interface between the suspension and the air above it will limit the
speed at which the process can take place. Furthermore, one-sided de-watering makes the structure
of the surface of the paper diﬀerent on its two sides, which is most inconvenient in he case of for
instance printing paper.
These disadvantages can be eliminated to a great extent in modern twin-wire machines. In these
the jet from the head box is directed into the space between two almost parallel wires, which are
kept close together and at high tension. The pair of wires is then passed over one or more rol-lers or
blades which makes the separation between the stream lines increase due to the centrifu-gal force.
This leads to an increase in the pressure, which drives the water out of the suspen-sion. This method
works reasonably well in actual operation, but the understanding of its basic mechanics is far from
complete. A better understanding will almost certainly lead to considerable improve-ments in the
method. Basically the quality of the ﬁnal product, measured by homogeneity and the iso-tropy of
the ﬁbres, is determined by the ﬂow in the head box and the ﬂow on and between the wires.
Projects:
Contracted Projects:
III:1 The dynamics of plane free jets

61

Experimental and theoretical studies of the stability of ﬂat jets
- Researcher: Daniel Söderberg - Tutor: Henrik Alfredsson
III:2 Forming between twin wires
Numerical models for the ﬂow in twin wire forming
- Researcher: Sima Zahrai, PhD dissertation 97-11-14
- Researcher: Claes Holmqvist(Starts 991018) - Tutor:
Anders Dahlkild

III:3 Initial roll forming
Computing the ﬂow of a wire nip
- Researcher: Gerald Audenis - Tutor: Anders Dahlkild
Model experiments on initial roll forming
- Researcher: Richard Holm - Tutor: Henrik Alfredsson
Fibre ﬂoc model experiments in initial roll forming
- Researcher: Roger Bergström - Tutor: Bo Norman
III:4 Fibre suspensions in contractions
Analysis of the orientation of ﬁbres in a headbox
- Researcher: Mats Ullmar, Lic. Eng. examination 98-05-26
III:5 Flow in stratiﬁed head boxes
Computing the ﬂow of a stratiﬁed headbox
- Researcher: Mehran Parsheh - Tutor: Anders Dahlkild
Cooperation schemes with companies:

• Stora Enso, SCA AB and Valmet Corporation have representatives in the guidance group.
• Projects at Stora Enso at both Falun and Skoghall are planned to be carried out with doctoral
students taking an active part.
• Daniel Söderberg have been in constant touch with the Swedish Pulp & Paper Research
Institute, and the cost of running the FEX machine on his behalf is borne by the industries
taking part in the projects.
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8.4

Economics

The turnover during 1999 reached 15 MSEK.
The total cash (in MSEK) contributions for 1999 from the three major parties amount to:
KTH
Industry
NUTEK
————
Σ

3.6
2.1
5.2
11

Also in-kind contributions totalling roughly 4MSEK (according to budget) from industry and KTH
add to the total budget.

8.5

Miscellaneous
International eﬀorts

Faxén Laboratory is a member of two international organisations, viz:
- European Research Community on Flow Turbulence and Combustion (ERCOFTAC)
- International Association for Hydromagnetic Phenomena and
Applications (HYDROMAG)
In the autumn of 1996 the Swedish Pulp & Paper Research Institute, in a joint project with Faxén
Laboratory, started a so-called COST Action aimed at the subject of forming in paper machines,
etc.
In 1999, in a renewed joint project with Institut Polytechnique de Grenoble and a number of other European research institutes and universities, Faxén-Laboratoriet ﬁled a revised application for
funds from the EU programme Research Training Networks”. The speciﬁc aim is to bring about
exchanges of postdoctoral fellowships for the purpose of theoretical and experimental studies of
transportation in electrochemical systems.
In spring 1999 FaxénLaboratoriet and LEGI, Institut Polytechnique de Grenoble decided to make
a joint eﬀort on experimental studies of bubbly two-phase ﬂow with application to electrochemical
processes. This will give one graduate student at FaxénLaboratoriet the possibility to make use of
experimental equipment and know how at LEGI during a six months period starting Novem ber
1999. The transfer of knowledge in the other direction will be that of electrochemical production of
bubbles where the know-how is at FaxénLaboratoriet.
Attendance at courses and conferences outside KTH:
Representatives from FLA have, during 1999, attended:
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• San Diego March 15-19, 1999: 5th ASME/JSME Joint Thermal Engineering Conference
• Seattle May 2-7, 1999: 195th meeting of The Electrochemical Society
• Västerås June 14-15, 1999: 2nd ABB Int. Workshop on Multiphase Flow
• Edinburgh July 6, 1999: ICIAM 99: Symposium on MHD in Materials Processing
• San Fransico October 3-8, 1999: Ninth International Topical Meeting on Nuclear Reactor
Thermal Hydraulics (NURETH-9)
• Boston August 1-5, 1999: The 1999 ASME Pressure vessels and piping conference
• Anaheim September 12-16, 1999: Tappi Engineering Conference
• Honolulu October 17-22, 1999: 196th meeting of The Electrochemical Society
The year 1999 at Faxén Laboratory; example of events:
January 22: Licentiate seminar, Ola Widlund, FaxénLaboratoriet.
February 5: Licentiate seminar, Gerald Audenis, FaxénLaboratoriet.
March 19: Licentiate seminar, Ruben Wedin, FaxénLaboratoriet.
April 8: Licentiate seminar, Mehran Parsheh, FaxénLaboratoriet.
April 16: Licentiate seminar, François Gurniki, FaxénLaboratoriet.
September 27-28: 1999 Annual meeting of FaxénLaboratoriet at Lidingö.
November 25: FaxénLaboratoriet contract signing for the one year prolongation of phase 2.
December 9: Board meeting of FLA at KTH.
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