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A new view on the particle description in Quantum
Field Theory

E. Frochaux

Département de Mathématiques,
Ecole Polytechnique Fédérale, CH-1015 Lausanne, Switzerland

It is generally admitted that particles in Quantum Field Theory can only be defined
in an asymptotic way. Thus the bound states, for instance, could only be obtained from
the scattering theory, in which they appear as single particles, that is without conveying
information on their internal structure.

But particles can also be seen in the spectrum of the mass operator M. Each bound
state mass is an eigenvalue of M, and the corresponding eigenspace carries all available
information on its internal structure.

In a bosonic model of QFT in two space-time dimensions, with weak coupling, in which a
bound state is known to exist, a family of vector states ¥ ; has been constructed, parametrized
linearly by functions f(p;,p2) of two momenta, which satisfies

(Uy; M2Wy)

oY
A T A

ml, =
where mp is the bound state mass, A is the coupling constant and I is a ball of a Banach
space on which the N-order perturbation remainder is uniformly bounded. ¥ appears to be
the N-order approximation of an eigenvector. The calculation of the infimum of the above
quotient of bilinear forms leads to the eigenvalue equation

Mo(@)*f(p) + [ do(®)f(0)K (p,1)6(p1 + 2 — 7t — B5) = (mh + ONY) £ (p)

where do is the Lorentz-invariant measure, M, is the mass kernel of the free model (do and
M, are written with the renormalized one-particle mass) and K, the non-local interaction
kernel, is calculated at first perturbation orders. At first order K coincides with the Bethe-
Salpeter kernel on mass shell, but without the condition w(p:) + w(p2) = w(p) + w(ph). At
second order it differs from the B.S. kernel.

This equation should play the role of a ‘relativistic Schrodinger equation’. To get a better
understanding of the situation we calculate

(‘I’f;P\Iff) ) (\I’f;H‘I‘f) . (lIJf,L\I’f)
(72 |77 O L 1 &

where P is the total momentum, H the Hamiltonian and L the generator of the Lorentz
transformations. We get three quotients of bilinear forms for f. Operators which generate
these forms can be collected in a nice theory as follows.
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Let M be the Hilbert space L?(IR?, do) with the measure do(p) = [4w(p1)w(p2)]~! dpidp,,
where w(p;) = (p? + m?)/2 and m is the renormalized one-particle mass. We consider on H
the unbounded (but self-adjoint) operators

Pf(p) = (p1+p2)f(p)
Hof(p) = (w(p1)+w(p2))f(p)
Lof(p) = —i(w(p1)0p, +w(p2)0yp,)f(p)-

Let O be the following ‘interaction operator’
K(p,p') 8(p1 +p2 — i — p3)
Ofp) = [dol)f
)= [N 60 T alpa) + ) + s

where K is the previous kernel. The operators of the ‘interaction case’ :

P as before
H = H, + HO+ OH,
L = LO + Loo + OLO

can be well defined and they satisfy the commutation rules of the Poincaré algebra

[P,H] =0
[P,L] =iH
[H,L] = iP

the last one being satisfied only up to O(AY).

Instead of calculating the next orders (which is extremely long) it is tempting to try to
solve directly the commutation rules, even if we may leave QFT. So we consider now K as
unknown and check the commutation rules. We suppose that K and LyK are continuous and
bounded (which seems to hold in QFT). The two first commutation rules are automatically
satisfied for all K (because of the é function in @). The last one gives an integro-differential
non-linear equation for K.

By the Banach fixed-point theorem in the Banach space for the norm

K| = sup {|K(p,p)| + [LoK(p,P)}ry=pr+p2-p,
P1,p2,9}

this equation can be solved. More precisely we get the complete set of solutions lying in
the ball |[K| < m?/16, and they are given by convergent series involving arbitrary func-
tions, which represent nothing else than the kernel K in the centre-of-mass frame, that is
K(p1,p2, p1,py) for p1 + po = p} + p, = 0. If such a solution effectively holds in these QF'T
model, a complete and precise description of interacting particles would be available for the
first time in a QFT framework.
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Inverse orbits for spin systems

V. Bochicchio, J.J. Loeffel
Institute of Theoretical Physics, University of Lausanne, CH-1015 Lausanne

Abstract For the mathematics of equilibrium statistical mechanics, spin systems
on a arbitrary lattice (such as the familiar Ising model) are equivalent to highly
inhomogeneous spin systems on the half line IN. For a system of this latter class,
we explain how to reduce the problem of finding all the Gibbs measures compatible
with given neighbor potential U/ (the Dobrushin-Lanford-Ruelle problem) to the
problem of finding suitable “inverse orbits” of a certain “inverse” dynamical system,
which happens to be non autonomous but linear. As an illustration, we give a result
concerning the number of extreme points of G(U), the set of all Gibbs measures for
the potential U.

A detailed formulation of the Dobrushin-Lanford-Ruelle (DLR) problem for general
spin systems on a lattice with given neighbor potential may be found in several papers, see
for example [Loeffel (90)] and [Griffeath (76)], or in general texbooks [Georgii (88)] so that
only a brief statement of this problem is reported here. Further, following an idea exposed
in [Griffeath (76) pp 436] any spin systems with given neighbor potential may be regard as
a spin system on the half line IN. Thus, from now on, only spin sytems of this latter class
will be considered here.

Given a family S = {S,},cn of finite sets, S, being the set of “spin states” at the
site n, a configuration of the infinite system is described by an element w € = II ¢Sy ;
(1 is equipped with the usual product o-algebra F. A neighbor potential on IN is a family
U = {(Jn, hn) } e of real valued functions where J,, : S, X Spp1 — R, by 0 S, — R; from
this potential one can define a family of local conditional probabilities called a specification
in [Loeffel (90)] and [Georgii (88), chap.2] or the local characteristics in [Griffeath (76)].
Then, the DLR problem consists in finding all Markov fields on (€2, F) whose local condi-
tional expectations coincide with the local conditional probabilities specified by U. The set
G(U) of all such probability measures forms a non-empty compact simplex of P(§2,F), the
set of all probability measures on (2, F).

In view to study the abstract set G(U) under a more geometrical point of view, we
introduce now the notion of positive normalized inverse orbits :
Let A = {A.},cn be a family of matrices A, : S, X S,41 — Rsp defined from U by putting

An(0,p) = exp—(ha(0) + a0, p)) > 0. (1)

If T, = IR®" denotes the real vector space of functions S, — IR, it will often be convenient
to interpret A, as a linear mapping A, : T,,y1 — T, defined by

Anfn+1(0): Z An(U,p)an(p)- (2)

PESnt1
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Then, a family f = {f.},en belonging to the infinite vector space product U = Iy, is
called a positive normalized inverse orbite relative to A if f,(p) > 0, ¥,cs, fo(o) = 1,
and

f'n == Anfn+1 (3)

for all n € IN,p € S,. Using mainly geometrical considerations it can be proved that
Oy norm(A), the set of all such families, is a non-empty compact simplex of U.

The interest in studying O4 ,0rm(A) for the investigation of G(U) lies in the following
result: the map Onppm +(A) = G(U), f — p given by

p({v € Q: v = wom}) = Aowo, w1 )... An_1(Wn1,wn) fr(wn) (4)

for all finite cylinder sets based on wyg ), is an affine bijection. Thus, the DLR problem for
spin systems with given neighbor potential may be reduced to the more geometrical and in-
tuitive problem of finding suitable families of columns vectors satisfying the linear “inverse”
dynamical system expressed in (3).

As an illustration, let us give one of the many results concerning G(U) that can be
obtained geometrically using the theory of positive normalized inverse orbits : for their spe-
cial mathematical properties and their physical interpretation, the most interesting elements
of the convex set G(U) are its extreme points (see for example [Georgii (88) pp 119] and

[Winkler (81)]). If £(U) denotes the set of these extreme points it can be proved, assuming
that £(U) is finte, that

1 <| &) | liminf rank A, <liminf | S, |. (5)

n—00 n—00
Bibliographic notes and references:

Similar objects to the exposed positive normalized inverse orbits appear in [Georgii (88)
pp 213] under the name of “entrance laws”; in [Griffeath (76)] the term of “non-negative
normalized P-regular functions” is used while [Winkler (81)] called these objects “harmonic
functions”.
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Light Confinement by Subwavelength Objects in Near-Field Optics

0.J.F. Martin!, C. Girard? and A. Dereux®

! Institut fiir Feldtheorie, ETH-Zentrum, CH-8092 Zurich, Switzerland
2 Lab. Physique Moléculaire, UA CNRS 772, 25030 Besangon, France
3 ISIS, Fac. Univ. Notre-Dame de la Paix, 5000 Namur, Belgium

We show that dielectric objects much smaller than the wavelength used to illuminate
them, can produce a confined electric field that perfectly reproduces their shape.
This field can be recorded by a scanning near—field optical microscope (SNOM),
which explains how these devices reach a resolution far beyond the diffraction limit.

Among the different theoretical problems
raised by the recent developments of SNOM
[1], the extraordinary resolution achieved by
this new type of microscope is one of the
most fascinating [2]. To investigate this ques-
tion, we consider the scattering by a sub-
wavelength hollow dielectric object (Fig. 1)
and use the generalized field propagator [3]
to compute the electric field in an observa-
tion plane located at a distance d from the
scatterer (Fig. 1). The field in this plane cor-
responds to the field that would be recorded
by a SNOM probing tip scanning the object
at a constant height.

We report in Fig. 2 the total field intensity
at different observation distances, for both
transverse electric (TE) and transverse mag-
netic (TM) polarizations. For TE polariza-
tion, when the observation distance is ex-

EC TM field
k/j——___——‘%;
E° TE field [ -
7 P
P o~

observation plane

Figure 1: Geometry used for the calculation.
The object is 60 x 60 x 10[nm], the hollow
20 x 20 x 10[nm], the dielectric constant 2.25
and the surrounding medium vacuum. The
object is illuminated by a plane wave with
a propagation vector k, an incident electric
field E° and a wavelength 633[nm].

tremely small, strong field gradients appear
along the object sides that are orthogonal to
the incident electric field (Fig. 2(a)). Thus
different sides of the object are enhanced, de-
pending on the orientation of the incident
field. For TM polarization, we observe a very
strong field confinement that perfectly repro-
duces the object shape (Fig. 2(b)). Further-
more, the image does not depend on the ori-
entation of the incident field, and the field
pattern always reproduce the object shape.
This behavior can be explained by depolar-
ization effects in the scatterer [3]. Note that
for TM field, the hollow in the scatterer is
also perfectly resolved (Fig. 2(b)). This is not
anymore the case when the observation dis-
tance increases, although a field confinement
is still observed (Fig. 2(d)).

When the observation distance becomes
larger, the scattering field tends to reproduce
the radiation pattern of a dipole for both po-
larizations (Figs. 2(e) and 2(f)). Note that in
the TM case, a peak appears just above the
object, whereas in the TE case, this peak ap-
pears ahead of the object. The confinement
effects observed in the near-field explain how
objects much smaller than the wavelength
can be resolved with a SNOM.

1. “Near—field optics,” D.W. Pohl and D.

Courjon, Eds. (Kluwer, Dordrecht, 1993).
2. F. Zenhausern et al. Appl. Phys. Lett. 65,

1623 (1994).
3. O.J.F. Martin, C. Girard and A. Dereux,

Phys. Rev. Lett. 74, 526 (1995).
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Figure 2: Field intensity in an observation plane located at a distance d from the scattering
system depicted in Fig. 1. (a), (c), (¢) TE incident field; (b),(d),(f) TM incident field. As

the observation distance increases, the light confinement effect disappears.
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Existence of d-wave and s-wave solutions of
Eliashberg equations

G. Santi, T. Jarlborg and M. Peter
DPMC, University of Geneva, 1211 Geneva 4, Switzerland

We solve the Eliashberg equations for different models of electron-phonon coupling.
In particular we study a coupling which is different on different parts of the Fermi
surface in order to look for possible conditions for d-wave pairing. This is of some
importance since many recent experiments claim d-wave pairing in YBCO. We find
that a very localized interaction (i.e. a strong coupling within certain Fermi surface
pieces, but weak coupling between different pieces) together with a Coulomb repul-
sion is favorable for d-wave pairing. The connection between the models and the
calculated coupling and Fermi surface of real copper oxide systems is discussed.

There is experimental evidence for d-wave pairing symmetry in high-T, cuprates [1], and
many other features are not BCS-like in these compounds. It is usually considered that a
phonon-mediated interaction can only lead to s-wave symmetry of the gap parameter [2].
Nevertheless, in this paper, we show that some of the “non-BCS” features, as d-wave pairing
symmetry, can be obtained from Eliashberg equations by choosing suitable parameters for
the electron-phonon coupling and the Coulomb repulsion.

We solve self-consistently the “renormalized” Eliashberg equations. This is a set of 3
coupled non-linear equations [3]. The equation for the gap parameter ® (corresponding to
the BCS gap equation) can be written, in the Matsubara representation (w, = (2n + 1)xT)

Bk iwn) = T3 f/ PR G, iwn)[D(k, K, iwn — iwn) — p(k, K)OK, iwn) (1)

where G is the renormalized electronic Green function, D is the phononic interaction
kernel and p represents the Coulomb potential.

Calculations and measurements describe the Fermi surface (FS) as 2-dimensional in the
cuprates. Here we separate the momentum k = (g, k) in parallel (¢) and perpendicular (k)
components with respect to the FS. We divide the FS in several pieces (g), and we set the
coupling parameters in such a way that the interaction is highly attractive (due to D) for
electrons belonging to the same piece, and weakly repulsive (due to ) between most remote
pieces. This kind of interaction should be favorable to d-wave pairing. In previous works,
we considered a strong k-dependence of the interaction, in particular a cutoff in |k — k|
(i.e. the coupling falls to zero if |k — k| > £), and we showed that this could explain some
deviations from the BCS behaviour as the diminution of the isotopic effect and the decrease
of the Hebel-Slichter peak [3].

The present calculations were done with and without the cutoff. We find that a d-wave
solution is possible in both cases. The d-wave solution is obtained for a coupling which is
strong only when ¢ and ¢’ are close to each other. However, the initial condition of the
iterative procedure is important. Starting with s-like gap symmetry with the same coupling
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(1) Temperature dependence of the maximum of the gap A (being the renormalized ®). (2)
Density of states (DOS) for a case without cutoff, 12 FS pieces and s-wave solution. {3) DOS for
a case with cutoff, 3 FS pieces and d-wave solution. (All energies are in units of the typical phonon
frequency, and the DOS is calculated through an approximation valid for low energies).

parameters gives an s-solution. Below the temperature T, both solutions can exist, whereas
above T3, only the s-wave solution exists (Fig.1). Free energies are not calculated, but the
d-wave might be metastable for temperatures lower than Ty, since the gap is smaller for the
d-wave than for the s-wave. If the parameters are changed to a strong coupling between
different g-pieces, the gap converges always to the s-wave, even if the initial condition has
d-wave symmetry.

Recent experimental works on cuprates by photoemission and tunneling [5] show a second
attenuated peak in the density of states. A similar behavior is found from the anisotropic s-
wave solution of Eliashberg equation (Fig. 2) where 1/6 of the F'S pieces have strong and the
rest have weak coupling. The sharpness of the peaks is due to our neglect of lifetime effects.
A different calculation with a cutoff gives a similar, second peak (Fig. 3). In the first case,
the 2 peaks are due to the fact that there are mainly 2 different values of the gap, whereas
in the second, they are due to the k-dependence of the energy of the quasiparticles created
by the cutoff. In this case, the so-called “in-gap” states come from the d-wave symmetry.

The Eliashberg equations have a richness of solution that has still to be explored. We
have shown here that some aspects of high-T,. can be accounted for with this theory. It is
then premature to eliminate phonon-based mechanism to explain high-7, superconductivity.

We wish to acknowledge M. Weger and B. Barbiellini for stimulating discussions and for
their contributions at earlier stages of this work.
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MD-Simulations of Scanning Force Microscopy
on Self-Assembled Monolayers

T. Bonner, A. Baratoff, and H.-J. Guntherodt
Institute of Physics, University of Basel, 4056 Basel, Switzerland

We have performed molecular dynamics simulations of Scanning Force Microscopy
on a Self-Assembled Monolayer (SAM), namely S(CH,),_1CHs, chemisorbed on
Au(111). The probing is represented by a pyramid of atoms connected via three
orthogonal springs to a rigid support. The latter is slowly approached towards the
sample and then scanned over several unit cells of the underlying V3 x+/3 S-lattice at
constant velocity. Atomic-scale corrugation and stick-slip events (mainly determined
by CHjz tail groups) are observed in the normal and lateral movements of the sensing
tip together with accompanying changes in the SAM.

Self-assembled monolayers (SAMs), in particular alkyl-thiolates chemisorbed from solu-
tion on Au(111), have been intensively investigated over the past few years [3]. On one
hand they have important applications as inert wear and corrosion-resistant coatings or
as micropatterned functionalized substrates for biomolecules or sensors [2]. On the other
hand, as compact carpet-like ultrathin films of firmly anchored, though flexible molecules
with nontrivial internal degrees of freedom, they represent a fruitful area for fundamental
experimental and theoretical investigations.

To understand scanning force microscopy with molecular resolution on such systems,
in particular mechanisms of friction, we have performed molecular dynamics simulations on
arrays of inert CHs(CH,),,—; S molecular chains adsorbed on Au(111) for n=>5 to 11 at various
temperatures. Asin previous simulations on free n=16 SAMs [5], bond length are constrained
to be constant, and methyl and methvlene groups are represented as ‘united atoms’ in order
to eliminate fast, but small-amplitude stretching vibrations. Interactions with the substrate
(and with the probing tip, if present), as well as between molecules are represented by
potentials of the Lennard-Jones type smoothly cut off beyond 12 A. The same applies to
atoms within each molecule beyond fourth neighbors, while closer neighbors are coupled by
parametrized bond-bending and torsional potentials. The chemisorbed sulfurs are subject
to a sinusoidal potential commensurate with the substrate. In agreement with previous
simulations, with increasing temperature a free monolayer passes through different phases
where the molecules are successively ordered in a honeycomb pattern, rotate about a common
tilt axis, precess about the substrate normal, and finally untilt as thermally activated gauche
defects preferrentially appear near the methyl end groups [5]. At a given temperature we
find a similar behavior with decreasing n, as expected from the reduced intermolecular
interactions. Although this model fails to reproduce the observed superstructures [6, 1, 4]
and precise interlocking between neighboring molecules [4], it adequately represents their
packing and =~ 30° tilt away from the surface normal.

The probing tip and cantilever of a scanning force microscope are represented by a single
atom or a pyramidal cluster connected by orthogonal springs to a rigid support. The latter
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is approached an then scanned over several unit cells of the underlying v/3 x v/3R30° sulfur
adlattice at constant distance and velocity (variable deflection mode). Test runs reveal the
overall force-distance characteristics at different positions. They can be used to judge wether
perpendicular or lateral mechanical instabilities might occur and thus to choose parameters
for subsequent fully dynamical runs corresponding to the possible regimes described below.
Care 1s then taken to separation of relevant time scales (scanning, instrument response,
SAM evolution). Damping or, preferrably averaging or filtering, representing the finite
bandwidth of the detection electronics, can be introduced to reduce the instrument response
to rapid SAM motions and to oscillations excited by mechanical instabilities. Molecular-
scale corrugation, mainly determined by the methyl end groups, and slow motions withing the
SAM, can be continuously followed in perpendicular and transverse deflections for sufficiently
weak loads and stiff springs. Otherwise 3D stick-slip occurs, leading to net friction, either
extrinsic, 1.e. governed by the soft spring constant(s) of the instrument, or intrinsic. i.e.
more affected by the sample itself. In the latter case, the simulated array, comparable in
size to an ordered SAM domain at room temperature [6, 1], is collectively tilted towards
the scan direction. Although this ‘combing’ effect already occurs with a single-atom tip in
weak (0.1 nN) repulsive contact, the tip must be represented by a cluster at higher loads
resulting in partial penetration and irregular stick-slip events. Similar nanoinstabilities, due
to particular molecules being strongly deformed close to the tip, lead to fine structure in
perpendicular force-displacement characteristics.

In view of the relative complexity of the systems studied, it is instructive to visualize
their time evolution by means of video sequences generated from compressed data. This
capability provides a useful global overview of phenomena (and possible artifacts) which
occur in a given simulation, thus facilitating decisions concerning future runs. In conclusion,
our results provide insights into the molecular origin of friction and viscoelastic response
in systems representative of organic soft matter, which are also well-characterized and both
fundamentally interesting and promising for applications on their own.
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SPIN FILTER EFFECT IN Co/Cu(100): THICKNESS DEPENDENT
PHOTOELECTRON SPIN POLARIZATION

D. OBERL], J.C. GROBLI and F. MEIER
Laboratorium fiir Festkorperphysik, ETH-Honggerberg, CH-8093 Ziirich

At photothreshold the spin polarization of the photoelectrons emitted from cesiated Co films

evaporated on Cu(100) changes sign depending on the thickness of the Co film: For thin Co films

(d<27A) a negative polarization at the threshold is measured whereas for thicker Co films a

positive polarization is found. These observations can be understood with a spin dependent mean

grcel:c gaﬁh of the photoexcited electrons generated by scattering into the spin polarized holes of the
shell.

_ Spin polarized electron spectroscopy became a major topic in the field of surface and two
dimensional magnetism. For the interpretation of any spectra it is indispensable to know how the
measured spin polarization - which is defined as P=(NT-N1)/(NT+NJl), where NT(l) is the
number of emitted electrons with spin parallel (antiparallel) to the magnetization of the sample - is
linked to the ground state polarization. In this paper we provide evidence that spin dependent
inelastic scattering is the dominant mechanism affecting the polarization of low energy
phoﬁ)cﬁcst.r]ons. This is in accordance to recent theoretical and to different experimental
work [1-3].

_ We evaporated Cobalt films, which form an epitaxial fcc (100) structure, with different
thicknesses on a sputtered and annealed Cu(100) surface [4]. With Auger electron spectroscopy
no contamination was found and LEED showed perfect crystallinity of the Co films. The thickness
of the Co film was determined by AUGER spectroscopy. Afterwards the sample was slightly

cesiated to lower the
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bulk hep Co [2], i.e., the spin polarization is
positive at the photothreshold and not
negative as would be supposed because of
the completely filled majority d-band in
ferromagnetic Cobalt [5]. This proves that
the polarization is not conserved. A possible
explanation of this effect is given by the
model developed by Schonhense and
Siegmann [6]. It predicts a spin dependent
inelastic mean free path generated by the
scattering of photoelectrons into the spin
5 polarized 3d holes. Because the 3d-holes are
0 5 10 15 20 25 30 35 40 45 50 Within a few eV above Ep, this spin filter
deo [A] effect should decrease, if one uses light with
Co an energy larger than 10 eV. This has been
experimentally confirmed and a negative
polarization has been found [7]. gcccﬁlding to
. this theory one would expect that the spin
thr ghollggr om a dc, thick cobaltfilm  fijiering effect also decreases, if the thickness
on Cu(100). of the cobalt films is in the order of the
inelastic mean free path, i.e., the sign of the measured polarization should become equal to the
sign of the ground state polarization, which is negative.

To test this hypothesis we evaporated several thin Co films on our Cu(100) substrate and
indeed a negative spin polarization of the total photoyield near the photothreshold has been
measured (see Figure 1). This means that in a thin film the polarization of the photoelectrons is
less altered, which is in accordance to the above model. Due to vanishing small electron counting
rates caused by the small light intensities of the monochromatic Hg-Xe lamp between the major
emission lines it was not always possible to measure directly at the photothreshold. Nevertheless
every measurement has been done closer than 0.05 eV to the threshold. In order to be able to
compare the polarization data we extrapolated the polarization spectra as a function of light energy
to the photothreshold. This extrapolated polarization at the threshold in function of the film
thickness is shown in Figure 2. A clear change in sign at about 27 A is observed. Above this
thickness the number of minority electrons, which are more attenuated than the majority ones,
becomes greater than the number of majority electrons and the polarization becomes positive.

We also calculated the thickness dependence of the polarization of Co/Cu(100) at the
photothreshold with the above mentioned spin filter model. The calculated curve is shown in
Figure 2. The theoretical calculation also shows a change of sign in the polarization, as has been
expected. The discrepancy of the zero crossing of the polarization is probably due to the
uncertainty in the Auger thickness calibration. It is also possible, that the inelastic mean free paths
are larger at our small energies than the values taken out of Reference 6, where the inelastic mean
free paths have been measured around 7 eV.

It has been experimentally verified that the polarization of thin Co films is negative as
predicted by the model of the spin dependent inelastic mean free path. Furthermore the change in
sign of the polarization with increasing thickness is nicely reproduced.

paalaanalonnnlansalendslanasloss

Figure 2: Measured and calculated polarization of
the photoelectrons emitted at photo-
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SPACE CHARGE FORMATION AROUND A HIGH VOLTAGE CORONA ELECTRODE
IN ELECTROSTATIC PRECIPITATORS

W. EGLI and U, KOGELSCHATZ
ABB Coroporate Research , CH-5405 Baden

Abstract: A geometry bounded by two plane grounded plates with parallel wires in the center plane is considered.
Different choices of boundary conditions for the current flow respectively the space charge density in the active
plasma region at the high voltage electrode result in a drastically different space charge patterns close to the corona
electrode. Results are given for three different model assumptions. The influence of adjacent wires leads to well
defined structures of the space charge in the vicinity of a corona electrode.

Introduction: The space charge and the electric field distributions together with the flow properties, see e. g. [1], are
main parameters influencing the performance of electrostatic precipitators (ESPs). In these particle filters a corona
discharge is initiated by applying a negative high voltage to thin corona electrodes that are positioned in the middle
plane between two parallel collection plates at ground potential. A particle laden gas flow passing this duct, for
example a flue gas stream containing fly ash, can be efficiently cleaned when ions from the corona zone are used to
charge the particles and the electrical fields are optimized in such a way that the electrical forces acting on the
charged particles drive them to the collection plates. The distance of the plates is of O(10cm), the diameter of the
corona electrodes of O(1mm). Fig. 1 shows the electrode configuration of a typical ESP geometry.

grounded plate

d high voltage
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d
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Fig. 1: Cross section of the considered electrode configuration.

Model Assumtions: The active plasma zone (the corona layer) at the high voltage wires is very thin, in air at
atmospheric pressure presumably O(10 pm). In this zone the charges are generated: electrons as well as positive and
negative ions. The positive ions travel only a short distance to the negative high voltage electrode and free electrons
in air attach rapidly to molecules to form negative ions. For simplicity we assume that only one species of negative
ions with constant mobility [t leaves this active plasma zone in the direction of the collection plates. Thus, most of the
available space is occupied by this passive ion drift region [2].

The equations governing the charge density p and the electric field E in this region are E = - grad ® with
A® =- ple, the equations for the current density j are j= puE, div j = 0, ({: potential, &: permittivity). The boundary
conditions are well defined only at the electrodes: ® = 0 at the collection plates and @ = U at the (negative) high
voltage electrodes. Additional assumptions are needed to characterize the charge generation in the active plasma
region and the boundary condition at the interface between the plasma and the ion drift region. Since the current must
pass through both zones its boundary condition at the interface must in principle contain the lacking information
about the active plasma zone. Due to the complexity of the problem this can be done only in an approximate way. To
demonstrate the strong influence of the chosen boundary conditions on the result we present three model cases for
illustration. In all cases the 4 equations for the physical processes in the ion drift region are solved [3]. The
differences in the results are due to the different assumptions about boundary conditions.

Model 1: jo = constant at the wire surface. From a specific U-I measurement and the assumption of an uniform
corona current density at the wire surface the constant can be evaluated.

Model 2: A more directed current emission towards the collection plate can be simulated by a cosine distribution at
the wire, for example: jo(f) = A cos3[3. The angle B is measured from the wire surface to the normal of the wire to
the plate. This simulation was made in analogy to measured current distributions at the plane of a point plane corona
discharge. According to Warburg [4] this current distribution follows a cosine law with an exponent between 4 and 5.
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Model 3: In order to incorporate at least the most fundamental gas properties we also used the following model:
Jo= PMUE, where p = co(E/n). This is a first order approximation of the generated charges in the active plasma zone,
where & = ao—n is the effective ionization coefficient with o, representing the ionization and attachment
coefficients. A simple analytical approximation for@ in air at ambient conditions is @ [m-1]=68 (E-Ecrit)?’a, with
Ecrit = 23.8kV/cm [5]. The constant ¢ in this model contains all unknown quantities about the active plasma zone and
can be determined from a measured current voltage curve. In this model the active plasma region is characterized by
one quantity depending only on E/n. Its outer boundary is given by the condition® = 0 or E = Erjt and is
automatically calculated in a way that is consistent with the given geometry and the used equations.

Numerical Results: We compare the three cases for identical applied voltage of 40 kV and an assumed duct width of
2d = 30cm. In Fig. 2 lines of constant charge density are plotted for a relatively small electrode separartlon
2b = 22cm and a much wider electrode spacing of 2b = 66cm. The constant ¢ in model 3 was taken as ¢ = 30 nAs/m?2.
The free parameters in the other models were chosen to give the same average current densities at the collection
plates: 74 LLA/m2 for the narrow spacing and 49 ;LA/m2 for the wide spacing.

" 1iem

14cm

Fig. 2: Space charge density around a cylindrical wire in the wire/duct geometry of Fig. 1. Upper row: narrow
electrode spacing, lower row: wider spacing. Model 1 (left), model 2 (middle), model 3 (nght) Maximum
charge densities in the upper row are: 3.1, 7.3 and 4.0 pAs/m3 and: 6.1, 13.9 and 8.2 p.As/m in the lower row.
Spacing of isolines is 0.2 uAs/m3 in the upper row and 0.4 },LAs/m3 in the lower row.

Conclusions: It is evident that the different assumptions about the boundary condition at the high voltage electrode
have a pronounced influence on the space charge distribution in the ion drift region and that adjacent electrodes show
a strong coupling at close spacing. We assume that the third model is the most realistic one because it imposes no
artificial restrictions on the spatial extension of the active plasma region. A precise measurement of the local current
distribution at the collection plates could be used to check the validity of this assumption.
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Influence of visible light on flux creep in HTS films

I. L. Landau and L. Rinderer
Institut de Physique Expérimentale, Université de Lausanne, 1015 Lausanne-Dorigny

We present an experimental study of the flux creep rate in YBCO film at low temperatures. It is
shown that the flux creep can be described in terms of quantum tunneling of vortices up to tempera-
tures of 10-15 K. We have investigated also the influence of a weak illumination on a flux creep
rate. It is shown that a visible light with intensity as weak as 1 mW/cm? drastically changes the
flax creep rate at liquid helium temperatures. We propose a simple model to explain this extreme
sensitivity of the flux creep to a weak illumination.

A very high sensitivity of the flux creep in HTS to a visible light has been discovered by
Yurgens and Zavaritskii on Bi-2212 single érystals [1]. Here we present experimental investigation
of this effect made on YBCO film. We used a ring shaped film and it gave us a possibility to obtain
directly voltage-current (V-I) characteristics of the sample in a flux creep regime.

The measurements were made on a ring made of 0.3 mkm thickness YBCO film. The external
diameter of the ring was 10 mm and the width was 1 mm. A transverse magnetic field of 0.16 T
was used to form a vortex structure and to induce a current in the ring. After the switching off the
external field the magnetic field inside the ring was monitored as a function of time. This magnetic
field is connected with the current through the ring. A voltage around the ring is proportional to a
time derivative of the magnetic flux inside the ring. Thus, both quantities can be calculated.

Typical V-I curves of the ring are shown in Fig. 1. One can see that the main influence of the
temperature rise is a practically parallel shift of V-I curves along j-axis. The influence of the illumi-
nation is completely different and the main effect here is a change of the slope.

At low temperatures the main mechanism of the flux creep is a quantum tunneling of vortices
[2]. Electric ﬁeld in this case can be written as

a) 10" L i
10 14 | 3
T=]7K 3
—_ s ]G‘IS L N
8 5
= 10‘5 A =
= >
a Moot L |
106 L |
F o185 K 10 K T=42K T=13K 107 L J
28 3.0 32 3.4 36 38 3 3.1 3.2 33 34 35 3.6 3.7
j107 (A/cm2) j107(A/em®)

Fig. 1. Electric field versus current density. a) At different temperatures without illumination.
b) For different light intensities. Numbers near the curves show a light power in mW/cm?.
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logE:logEo-% +%i

where § is the Euclidean action of the tunneling process, jc is the critical current, and Eg is a con-
stant connected with the attempt frequency, magnetic induction, etc. It should be noted that the
temperature dependence of the flux creep rate without illumination is in very good agreement with
theoretical calculations for the quantum creep [2] in the temperature range 1.3 - 15 K with the
quantum crossover temperature of about 20 K.

There exists no theory to consider the influence of light on the flux creep and here we can pro-
pose only a simple qualitative model. The photon energy € is much higher than the superconduct-
ing energy gap A and the main channel of the light absorption is a breaking of Cooper pairs. The
difference (€ — A) turns into kinetic energy of two normal excitations formed in this process. These
excitations loose their energy due to different inelastic processes. It can be an interaction with
phonons and other normal excitations as well as breaking of other pairs. After loosing of their ex-
cessive energy the excitations can recombine with a formation of a new Cooper pair. This process
accompanies by irradiation of a phonon with an energy equal to A. The important point is that the
energy gap in HTS is few hundred Kelvin and it is very difficult to irradiate such a phonon at low
temperatures. Usually the probability of the phonon irradiation is proportional to their number.
However, there are practically no such phonons at low temperatures and the relaxation must be
very slow. We believe that it is the only reasonable explanation of the effect.

Eq. (1) shows that Euclidean action S can be defined from slopes of V-I curves as well as from
values of logE(j=0). The normalized values of S plotted in Fig. 2 as a function of the light power
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0.24 R——— ; low electric fields (see Fig. 1b); this situation cor-
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Fig. 2. Normalized Euclidean action versus the the magnetic field in our experimental arrange-
light power. S(P=0) is the value of S at

T=4.2K and P=0. ek
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THE KOSMA 3-M SUBMILLIMETER WAVE TELESCOPE ON GORNERGRAT

C.G. DEGIACOMI and J. STUTZKI
1. Phystkalisches Institut, Universitdt zu Koln, D-50937 Koln, Germany

Abstract.

The 3 m KOSMA telescope at Gornergrat is dedicated to millimeter and submillimeter wave astrophysics with
observations mainly of interstellar atomic and molecular lines. This includes measurement of the large scale structure
and dynamics of molecular clouds in our galaxy for a better understanding of the processes connected with star formation.
The present research activity of the observatory is presented with a special scope on the description of the techniques
and instrumentation used. A new 3 m reflector for the KOSMA telescope with an expected surface accuracy of 10 pm is
under construction. With this new instrument and the excellent quality of the atmosphere at the site operation into the
THz region (A=200 pm) will be possible.

1. Introduction

The "Kolner Observatorium fiir Sub-Millimeter Astronomie” (KOSMA) is in operation since 1986 on
Gornergrat near Zermatt. It’s 3 m antenna was designed for observations in the millimeter and submil-
limeter spectral range covering the transparent atmospheric window below 450 GHz. The observation
of interstellar molecular lines using their characteristic rotational transition frequen(:les allowed the
identification of more than 100 detected molecules up to date.

The excellent atmospheric conditions on Gornergrat with the precipitable water vapor being often
below 1 mm in winter time allows observations in the highest frequency atmospheric windows at
660 GHz and 880 GHz. Similarly dry conditions are found only at very few sites, e.g. on Mauna Kea
(Hawaii). In order to observe at these high frequencies the KOSMA telescope reflector gets replaced
by one with a higher surface accuracy. The now mature techniques allows to fabricate a radiotelescope
with a sufficient surface precision.

2. Observations with the KOSMA Telescope

The main scientific emphasis of the research at KOSMA are primarily measurements of large scale
distributions, structure and dynamics of molecular clouds as well as the dedicated search for new
molecular species. The relatively low abundance of heavy atom compounds, e.g. carbon monoxide,
can be used as a diagnostic tool for the physical and chemical state of the bulk of the interstellar
gas. Beside this, a few atomic fine structure line are accessible to observations from the ground. The
molecular component of the interstellar gas builds giant clouds. These clouds are highly turbulent
and show a very complex filamentary and clumpy structure on all scales. The smallest fragments have
about solar mass size which may eventually collapse into new stars. The details of this star formation
process are the target of active research and are at present far from being resolved.

A small telescope with its correspondingly moderate angular resolution is ideally suited for the
study of the large scale structure and dynamics of molecular clouds. A very fruitful application for
a small telescope is the combination of observations of different size telescopes thus covering a much
larger range in spatial frequencies. Even for high angular resolution observations with a large telescope,
complementary observations with a small telescope can be essential, e.g. by allowing to correct for the
errors introduced by the error beam of the large telescope.

3. The new KOSMA Telescope

In order to get a better understanding of the processes connected with star formation, two major
scientific trends have emerged: first, the drive to higher frequencies in order to observe new molecular
species and probe different temperature and density regimes; second, the quest for higher spatial
resolution for revealing the dynamical, physical, and chemical processes of star formation and its
evolution. The latter is the field of radio interferometers.
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TABLE I

Characteristics of the new KOSMA telescope.

Main reflector

Shape parabolic

Diameter 3m

Fratio 0.43

Surface 10 pm r.m.s.

Construction 18 aluminum panels

Coating 510, for protection

Backstructure CFRP framework

Alignment actuator on each panel corner
Subreflector

Shape hyperbolic

Diameter 270 mm

Surface 4 pm r.m.s.

Construction aluminum with 5:0; coating

Alignment 5 degrees of freedom

Chopper cross-elevation, +3’ on sky, 4 Hz
Telescope

Type Cassegrain

fratio 10.4

Focal length 31200 mm

Mount altitude-azimuth

Observing Ports 2 on each side of the elevation axis

Loads hot and cold load for calibration

Fig. 1. Schematic of the new KOSMA 3-m telescope.

In order to take advantage of the good atmospheric conditions on Gornergrat for future highest
frequency observations a new telescope with a better surface accuracy is under construction. Table
I lists the design parameters of this new telescope. A detailed description of this new KOSMA tele-
scope can be found in Degiacomi et al. (1995). The final contour of the 18 aluminum reflector panels
will be made on a diamond mill. The complete telescope will have a surface accuracy of 10 pm rms
under all load conditions such as thermal expansion and gravity. With the new telescope design (Fig.
1) it will be possible to have two receivers mounted simultaneously at the telescope in a Nasmyth
arrangement along the elevation axis. This allows an optimum operation of receivers at different fre-
quencies depending on the atmospheric conditions. A secondary mirror chopper allows beam switching
in cross-elevation up to a frequency of 4 Hz.

4. Conclusion

Observations in the highest atmospheric windows around 660 GHz and 880 GHz will be performed with
the new KOSMA telescope presently under construction. With this telescope and the very sensitive
SIS receivers elements as well as the acousto-optical spectrometers new results in the mm- and submm-
wave spectral range will be revealed soon from the Gornergrat.
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The influence of boundary conditions to
bluff body wakes in fully developed pipe flow
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Boundary conditions of fluid-mechanical systems have a strong impact in the obser-
ved dynamical behavior. In this work the wake behind a circular cylinder in fully
developed pipe flow is investigated. It will be shown that the aspect ratio of the
cylinder have a strong impact on the frequency laws. The observed deviation of the
frequency laws for different aspect ratios, and the occurrence of frequency disconti-
nuities and frequency cells in the wake flow are discussed. Furthermore the positive
effect of using a turbulence grid mounted in front of the circular cylinder is shown.

More than one hundred years after the discovery of the aeolian tones by Strouhal [1],
vortex streets behind bluff bodies have been a very active field of research. The properties of
such flows depend in general on the Reynolds number Re = Ud/v, where U is the velocity of
the oncoming flow, d is the cylinder diameter, and v is the kinematic viscosity of the fluid.
Recently it was shown, that the aspect ratio of the cylinder, i.e. the length-over-diameter
ratio (I/d) and the end conditions of the bodies have a strong impact on the characteristic
features of the wake flows. The influence of such parameters for 50 < Re < 300 has been
confirmed experimentally in laminar channel flow by a variety of works (for an overview see
Ref. [2]). Here different Sr-Re relationships were found for various I/d and end-conditions,
where the Strouhal number is defined by Sr = fd/U (f : shedding frequency).

In the following it will be discussed how the I/d-ratio or the end-conditions play a role in
the wake behind bluff bodies mounted in fully developed pipe flow. In general most technical
pipe flows are turbulent and the profile of the flow field is not homogeneous compared the
work introduced above. This fact as well as small aspect ratios used in real applications,
i.e. 4 < I/d < 6, have a strong impact on the global wake structure. The measurements
presented here have been carried out in a circular pipe with a length of 10.5m and a diameter
of D=0.05m. A circular cylinders with a diameter of d=0.3, 0.6, 1.0 or 1.37cm is placed
horizontally in the middle of the test section at the end of the pipe. A hot-wire probe was
mounted in the wake of the cylinder to measure the velocity fluctuation. In some parts of the
investigations a mesh structure, which is called turbulence grid in the following, was mounted
15¢m in front of the cylinder to disturb the pipe flow.

In Fig. 1 the Sr-Re relationship for different cylinder diameters of d=3, 6, 10 and 13.7mm
is shown. Due to the d/D-ratio for the cylinder of d=10mm and 13.7mm the effect of the
compressibility of the fluid can be obtained by a strong deviation of the Sr-Re relationship
to the classical development represented by the cylinder of d =3mm and 6mm. Therefore, it
is not possible to derive a unique Sr-Re relationship for such flow-configurations. Next the
influence of a turbulence grid with a wire distance a,, and a wire thickness d,, mounted in
front of the cylinder is discussed. In Fig. 2 the Sr-Re-relationship for a circular d=10mm with
an undisturbed pipe flow and pipe flows which is influenced by a turbulence grid of a,,=4mm
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and d,=1mm, and a,,=3mm and d,=0.7Tmm is plotted. Here it is found, that only small
variations of Sr compared to the undisturbed pipe flow occur. The positive effect is obtained
by the signal-to-noise ratio, where the quality of the experimental data is improved by about
15 dB compared to the undisturbed flow. Furthermore, it is possible to measure accurately
the shedding frequencies at lower velocities. This is due to the fact, that the grid forces an
earlier transition from a laminar to a turbulent flow, in which a better quality of the measured
data is obtained. If no passive or active control mechanism are used different frequency cells
in the wake of the cylinder can occur. In Fig. 3 the frequency cells for a centerline velocity
of Uy = Tm/s along the z-axis of a cylinder of d=3mm and 6mm are presented. In technical
applications such cell structures are undesirable, since the cells structures are not stable and
therefore deviations to the calibrated frequencies can occur. In this work it was found that
such cells can be suppressed by the use of the turbulence grids. The effect is illustrate in Fig.
4, where the frequency distribution of a cylinder of d=3mm for two different velocities are
shown. The obtained result might be due to the fact, that the turbulence level of the fluid
is increased and more uniformed and therefore reduces irregularities of the velocity profile.
Since all possible velocity vectors (u,v,w) now have a non-neglecting values, disturbances
are exponentially increased and may causes the loss of lock-in regions of the cells [2].
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In this work we propose a novel method to measure the dynamics of the cylinder
wake via the pressure fluctuations in the boundary layer of the cylinder produced by
the separating wake. It will be shown that this new experimental arrangement can
measure the characteristic features of the wake flow or the pressure fluctuations from
which a low-dimensional model for the dynamics of the separated wake can be deri-
ved. The outcoming results are in very good agreement with similar investigations
using classical measurement technics such as the hot-wire anemometry.

A challenging question in fluid mechanics is still the active control of wake flows behind bluff
bodies [1]. Up to now, there has been no break through of this problem, because such wakes
are more or less nonlinear and therefore traditional linear control methods might not fit. In
this paper results are presented which relies on the idea of a nonlinear model-based control.
The concept of such a control, is based on having an accurate model of the unperturbed system
from which an appropriate driving force can be calculated [2].
In this work the wake behind a circular cylinder in the periodic regime (50 < Re = Uy d/v <
160; Us: flow speed, d: cylinder diameter, v: kinematic viscosity) is considered. It has been
shown elsewhere [2-4], that for such cylinder wakes a LDM can be extracted from measured
time signals. From these LDM’s the response to external sound excitation can be predicted. In
general the external sound excitation is a simple but effective experimental method to stimulate
or stabilize the wake flow behind bluff bodies [1,3,4]. Unfortunately, this type of stimulation
possesses some physical problems for the control, since in some cases the exact transfer of
the calculated control functions is not possible. Therefore, taking the physical properties of
the wake into account the new experimental setup proposed in this work is of the following
type (Fig. 1): The center-piece of the new arrangement is a cylindrical pipe which replaces
the natural cylinder. In the later experiment the separation of the vortices, i.e. the pressure
fluctuation p(t) in the boundary layer of the cylinder should be measurement and controled.
This can be done using a distribution of equidistant pinholes in one plain of the vertical axis
at the cylindrical pipe. The ends of the cylindrical pipe are equiped with endplates and end
cylinders to suppress the three-dimensional vortex pattern [3]. In addition, on the one side of
the pipe a pinhole-microphone is placed to measure the pressure fluctuation inside, and on the
other side a control apparatus can be mounted to suck or blow air out of the pinholes. In this
work the control-end was closed.
One of the important feature of this arrangement is the modeling of the dynamics of the
separation process. Similar to the ansatz of the model reconstructed for the velocity fluctuations
u(t) which are measured in the wake downstream [2-4], a model of the type
2
F=GE= ¥ b (1
3

P
§=0,...,3—i

has been chosen. The coefficients b;; of the model reconstructed from the pressure fluctuations
of a separated wake at Re = 100 and the corresponding coefficients a;; of the model for the
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velocity fluctuations are shown in table 1. It can be seen, that some of the coefficients have
similar values. Furthermore it is found by a numerical integration, that the normalized limit
cycle of the trajectory of the velocity and the pressure fluctuations are in a good agreement.
A very useful tool for the analysis of the reconstructed coefficients and to estimate the quality
of the model was introduced by [4] and is based on the following idea: For slowly varying
amplitudes and frequencies, the general oscillator equation (Eq. 1) can be approximated by the
Landau equation

F = ar — Br3, p = —v — br?,
where r is the amplitude and w := ¢ the circular frequency. The corresponding Landau coeffi-
cients can be calculated from

1 1 1 1
o = 5“01, B = —g(azl -+ 3003), T = 5(1 - 010), 6= —g(ﬂqz & 3030)

The resulting Landau coefficients of table 1 are shown in table 2. The coefficient a is a measure
for the instability of the fixpoint » = 0 and B > 0 defines the damping of the oscillator at
large amplitudes. Since we have normalized the data [4], the circular frequency w, = 1 and the
amplitude of the limit cycle r, = 1, where r, = (a/8'/2, and therefore @ = 3. The value of
represents the circular frequency for small amplitudes, wheres § describes the increase of the
frequency for a corresponding increase of the amplitude. For the reconstructed coefficients for
the pressure fluctuations (table 2) 3 shows a larger value compared to the velocity fluctuations.
This indicates a faster transient to the asymmpotic solution, whereas the deviation of the
amplitude-frequency coupling (§) for the pressure and the velocity, which is an essential physical
property for the no-feedback control or a nonlinear resonant stimulation is very small [1]. These
results indicate, that it is possible to measure the pressure fluctuation via the new experimental

arrangement and therefore, a very effective application of the nonlinear no-feedback method
can be expected.
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Table 1: Comparison of the reconstructed coeffi-
cients of the velocity (a;j(u)) and pressure fluc-
tuations (b;;(p)) for a vortex street at Re = 100.

" u®) | p() u(®) [ p()
1 a | 0.0747 | 0.12975 || ¥ | 1.0000 | 1.0000

B ]0.0747 | 0.12975 || § | 0.0226 | 0.0237

Fig. 1: Schematic presentation of the modified
experimental set-up. 1: control apparatus, 2:
cylindrical pipe with n pin-holes, 3: endplates
with endcylinders and 4: pin-hole microphone.

Table 2: Landau coefficients od Eq. 1 for the
coefficients of table 1.
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The Karman vortex street behind a delta-shaped bluff body in a laminar homoge-
neous core is experimentally investigated. The main emphasis here is to investigate
three-dimensional phenomena of the vortex street in the range of 50 < Re < 150.
We will show that the end-condition of the bluff bodies have a strong influence on
the Strouhal-Reynolds number relationship, i.e. oblique vortex shedding with va-
rious shedding angles can occur. The results indicate that three-dimensional vortex
shedding phenomena are independent processes of the shape of the body.

The wake of bluff bodies in the low Reynolds number range of 50 < Re = U,.d/v < 160,
where Uy, : mean stream velocity, d : cylinder diameter and v : kinematic viscosity, is cha-
racterized by an array of vortices shedding from the body. A number of recent investigations
have been focussed on the three-dimensional aspects of such wake behind circular cylinders
[1-4]. Here it was found that the end-condition of finite cylinders have a strong impact on
the wake flow and are the main physical parameter to induce parallel or various oblique
vortex shedding pattern.

The measurements were carried out in the open-circuit type wind tunnel described in
detail by Ref. [3]. To investigate the three-dimensional wake flow phenomena, such as oblique
vortex shedding with various shedding angles ©, a delta-shaped body with a front width of
3.5cm and a depth of 4.4cm was used. In the present study the wake flow phenomena are
illustrated by flow visualization using the smoke wire technique [2].

In the following the vortex street behind the above introduced body is investigated for
Re = 100. In Fig. 1 the flow visualization of parallel vortex shedding is presented, which
frequently occur similar to the so-called chevron pattern shown in Fig. 2. In general states
both states represent very unstable solution of the wake and can be found for special end-
conditions of the body or in the beginning of an experiment [1]. Similar to the above flow
structures, for =~ the same Reynolds number presented here, various oblique vortex shedding
phenomena with shedding angles © in the range of 19° < © < 36° are found. In Fig. 3 and
4 the flow visualization of oblique vortex shedding with an angle of ® = 19° and © = 36°
are shown. The occurrence of all possible flow states can be not predicted, and therefore
might a stochastical process depending on the turbulence level of the oncoming flow, the
surface structure and the quality of the body. Therefore, in the experiments presented here,
the Strouhal numbers Sr (Sr = f-d/Uy, f : dominant frequency) found for two different
end-conditions (the body was equiped with and without end-plates) do not collapse with
discrete vortex shedding modes found by other authors for circular cylinders [1-3]. For the
delta body only one characteristic Sr-Re-relationship was found. A statistical analysis of the
occurrence of the obtained flow pattern by the use of an array of hot wire probes in the wake
of the body to measure the characteristic frequencies and shedding angles is in progress.
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Fig. 1: Flow visualization of the wake behind Fig. 2: Same as Fig. 1, but here the so-called

the delta-shape body (x-z-plane) at Re=100. cevron pattern [1] temporarily occur in the
Here parallel shedding is obtained (®@ = 07). fully developed channel flow.

The flow is from left to right

Fig. 3: Same as Fig. 1, but here oblique vortex Fig. 4: Same as Fig. 3, but here © - 36",
shedding is obtained, with a shedding angle of
© = 19%
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Flutter vibrations arise from fluid forces induced by vibration of bluff or streamlined
bodies in a fluid flow. In this work a dynamical system approach for the problem
of modeling such oscillatory motion is proposed. The emphasis is to reconstruct
a model system from measured data of two coupled limit cycle oscillators, namely
the oscillatory motion of plunge and torsion. The advantage of this ansatz is that
physical parameters like the shape of the cross section, the stiffness or the viscous
damping in plunge and torsion do not have to be measured or calculated explicitly.
Finally we propose an adaptive nonlinear control mechanism, which suppresses the
aerodynamically induced oscillation effectively.

The flutter phenomenon is a self-excited oscillation, caused by the interplay of aerodynamic
elastic and inertia forces. It describes a classical bifurcation phenomenon where at a critical flow
velocity the steady state of the system becomes unstable against an oscillatory state. Usually
the term flutter is applied for at least two-degrees-of-freedom systems, where the structure is
an airfoil in attached flow. Classical or binary flutter can occur even at small angle of attack
and requires two elastic degrees of freedom the torsion and plunge mode. Galloping of bluff
bodies and stall flutter is associated with the occurrence of flow separation and can be obtained
even in one-degree-of-freedom systems.

In the following we will focus on the classical binary flutter mechanism. A general model
for such flutter problems, which can be