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FOREWORD

This Annual Report presents the activity of the Hungarian EURATOM fusion Association in 2006.
The Association is a collaboration between EURATOM from one side and the Hungarian Academy of
Sciences (HAS) on the other side. Similarly to other European countries the aim of this arrangement is to
organize a uniform fusion program in the country. Collaboration means that both the definition of the
research program and financing is done jointly by the two partners.
On the Hungarian side the leadership of the Association has been assigned to the KFKI Research
Institute for Particle and Nuclear Physics (KFKI RMKI), which performs most of the activity in fusion
physics research. Besides KFKI RMKI several other institutions are participating in the fusion program: the
Budapest University of Technology and Economics (BME), the Széchenyi University in Győr and the KFKI
Research Institute for Atomic Energy (KFKI AEKI). Following the rules of the EURATOM program fusion
technology development is done through Calls for Expression of Interest of the European Fusion
Development Agreement (EFDA). In this framework several organisations in Hungary managed to get
support: KFKI AEKI, KFKI RMKI, the Eötvös Loránd University in Budapest, and the College of
Dunaújváros. Besides these EURATOM funded programs fusion technology development was also done
from a purely Hungarian grant: the NAP Program of the National Office for Research and Technology
(NKTH) by KFKI RMKI, BME, the Institute of Nuclear Physics (ATOMKI) in Debrecen (as subcontractor)
and the University of Debrecen.
2006 was an important year in fusion research in Europe and the World in general. After many years
of discussion and negotiation an agreement was signed on the implementation of ITER, a fusion research
project with participation from countries representing more than half of the World population. It is extremely
important for us that this ambitious device will be built in Europe: Cadarache in Southern France. ITER will
give a boost to fusion research in Europe but will also represent a huge challenge.
I believe this Annual Report will show the reader that Association HAS is well prepared for this
challenge. Hungarian plasma physicists are present with experiments, modeling and simulation work at
nearly all of the European fusion experiments. Thanks to the NKTH grant support the engineering
background has improved in the past two years enormously: the Association has a 12-strong fusion
engineering group gradually gaining experience at leading fusion devices. I hope this Annual Report gives a
good overview of these activities and the Reader will be tempted to either participate in or support such
interesting and important developments.

Sándor Zoletnik
Head of Association
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EXECUTIVE SUMMARY
The work of Association-HAS in 2006 has mostly followed the lines laid down in the past 7 years,
with a gradual strengthening of the fusion engineering activities started in 2005. The Association is focused
on experimental fusion research which is supplemented by theoretical studies and a set of fusion technology
tasks supported by the European Fusion Development Agreement. Given the relatively small size of the
Association (~40 people in the physics programme) the topics are carefully selected with the aim of allowing
in-depth work in a limited number of fields. One research subject is typically followed across several fusion
experiments, that is the work is rather organized by topic than by experiment. This approach is made possible
by the mobility fund of the European fusion programme, which supports travels between fusion laboratories
in an extremely flexible way. Making use of this possibility, Hungarian researchers could perform
experiments on nearly all the leading European fusion devices: JET, ASDEX Upgrade, TEXTOR, TCV,
MAST and CASTOR.
Several of the fusion physics research activities started as a plasma diagnostic idea and has gradually
developed into studying some physical aspect of plasma confinement and control. One such field is the
interaction of pellets with hot fusion plasmas. A digital camera system was built by Association-HAS in the
past years to study how cryogenic temperature frozen Hydrogen ice pellets evaporate and move in the
plasma of the ASDEX Upgrade experiment after injection by a pellet accelerator. During the same time it
became known that pellet injection can be used to control the size of the so-called ELM instability which is
an important component at the plasma edge, determining the particle exhaust rate. Without ELMs the particle
confinement time of the standard H-mode discharges is too long, therefore ELMs are essential. On the other
hand too large ELMs erode the wall of the
tokamak, therefore ELMs need to be controlled.
The pellet imaging system developed by
the Association enabled extremely detailed
studies on ELM triggering by pellets. These
experimental pellet-plasma interaction studies
are complemented by joint development with
IPP-Garching of a new pellet injector, especially
for ELM triggering, and code calculations on
pellet evaporation.
Another fusion physics research field is
the diagnostic of plasmas using atomic beam
probes. These beams can enter the plasma
Figure 1. Shadowgraphy picture of a pellet from the new
blower gun injector
without perturbing it and by observing the light
emission resulting from their interaction with
the plasma several important parameters of the
latter can be determined. Association-HAS has been using various energy beam probes since a long time and
in the past couple of years development is done to improve several components: the ion source, the
accelerator, the light detector. In 2006 a new high-current Lithium ion source has been further developed.
Although the required reliability could not be reached yet, the results are promising. Ion beam simulations
are done in order to help designing ways of forming a small diameter beam probe out of these ions. A new
Avalanche PhotoDiode (APD) detector system has been designed, tested and built in order to detect more
photons than currently possible by photomultipliers. This detector has already been installed on the Mega
Ampere Spherical Tokamak (MAST) to observe plasma turbulence using light emitted by a heating
Deuterium beam. The possibilities of various new Beam Emission Spectroscopy diagnostics on the
COMPASS device, to be installed in Prague, have also been discussed.

pellet

4

Beam techniques and other diagnostic
methods like Langmuir probes are used for
measuring fluctuations in plasma parameters,
thus gaining information on plasma turbulence.
This latter is believed to be behind anomalous
heat and particle transport in fusion devices, the
most elusive phenomenon since decades.
Statistical analyses are done on past and present
experiments and the appearance of blobs and
flow modulations at the plasma edge of TCV
and CASTOR and ELM-like phenomena in the
W7-AS stellarator have been studied.
Special
numerical
techniques
are
developed for plasma turbulence studies and
tomography. This latter found its applications
both on present experiments (TCV) and on
ITER, where the Association performs
tomographic analysis of the bolometer, X-ray
and neutron diagnostic system. Basic theoretical
work has been started by several students in
collaboration with the Swedish Association for
calculating neoclassical transport and waves in
the plasma.

Figure 2. Figure 2. 8-channel Avalanche Photodiode
(APD) detector system developed for Beam Emission
Spectroscopy diagnostics at MAST.

Several development projects has been started or continued in 2006 in support of large present and
future fusion experiments: JET, Wendelstein 7-X and ITER. On JET the Association is the project leader of
the Li-beam diagnostic upgrade and participates in the installation of a new pellet camera. For Wendelstein
7-X a 10-camera video diagnostic system is being developed, while for ITER the Test Blanket Module

Figure 3. Interface design of the ITER Test Blanket Module.

(TBM) interface, and its Helium gas cooling system is developed. In support of the conceptual studies of the
DEMO fusion reactor the remote handling concept of the divertor and the blanket is studied as well as
possible direct Hydrogen production schemes and energy storage in molten salt beds.
The above scientific activities are supported by Public Information work and provision of remote
collaboration techniques.
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FUSION PHYSICS RESEARCH
DEVELOPMENTS IN THE REINSTALLATION OF THE ENERGETIC
LI-BEAM DIAGNOSTICS ON TEXTOR
G. Anda, D. Dunai, B. Mészáros, G. Petravich, J. Sárközi, S. Zoletnik
KFKI-RMKI
Collaboration: IPP FZ-Jülich
Contact E-mail: petravic@rmki.kfki.hu
Reinstallation of the Li-gun
The original Siemens S5 PLC control system of the Li beam had to be replaced. Work on the new control
system (Siemens S7 PLC, the system that is used in all new installations at TEXTOR) has been started with
the help of an expert from IKP FZ-Jülich. New system control architecture was designed and the necessary
components were selected and purchased. The
original manual switch and LED based user
interface has also been changed to a touch-panel
based graphical user interface.
The graphical user interface allows full
access for all the system components in service
mode and semi-automatic operation in
measurement mode. Development of vacuum
handling and measurement sequence control
codes for the Li-gun has been started. This will
allow safe and automatic operation, and
measurements synchronized to the tokamak
shots.
Most of the old cabling – between the rack
and the control electronics, and between the
Simatic cabinet and the experiment – could be
used with the new system and only a few new
Figure 4. The graphical user interface of the Li-beam
cables had to be made. The old control cabinet
control (status end of 2006)
was cleared and the new layout has been
designed. The new PLC components has been
built in and wired. The power controllers for the
heating of the neutralizer and the emitter have also been replaced.
The first solution for emitter heating (current stabilized 10V/40A DC power supply on HV, controlled by
SIMATIC via fibers) resulted in frequent spark over which destroyed some of our electronic equipments.
The cause was found and that problem was fixed. Many parts in the high voltage enclosure were modified
and rebuilt. The high voltage system was inspected by local safety experts and the temporary safety system
has been rebuilt according to their advice. The emitter heating system (because of repeated HV problems and
also due to reduced emitter life time) had to be changed to an AC unit (thyristor based, controlled by
SIMATIC) followed by a transformer (230V/(10)15V, max. 50A). The primary current is measured on a true
RMS current meter which has also been installed and calibrated. The new emitter heating system has been
checked and the dependence of the output power on the control voltage has been measured. The two built in
thermometers at the oven and at the tube of the neutralizer have been checked and calibrated.
Beam test
The new Faraday Cup – combined with a Titanium plate for visual observation – and a CCD camera were
installed. Beam test – after changing the emitter - was started and finally we succeeded to produce a well
focused strong beam. Camera pictures were taken to see the beam on the Ti plate. Systematic shots were
made (with increasing extraction voltage and with increasing beam energy). It was found that the beam was
about 1-1.5 cm off the center which is a problem that needs to be investigated.
The oven of the neutralizer has been filled with Sodium in preparation for producing a neutral beam and
make test shots into the tokamak chamber.
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Observation and data acquisition system
At present – temporarily – the camera is looking directly at
the ALT limiter plates. This gives a high background level
that makes the data analysis complicated and uncertain. A
solution for this problem is to chop the beam and make every
second frame without beam, so that the camera frames are
carefully
synchronized
with
the
chopping.
The
synchronization of the camera and the beam deflection control
systems has been started.
Spatial calibration of the beam measurement was
performed using the ‘old’ calibration tool. The evaluation of
these pictures is in progress. Precise calibration is essential
and will be compared with the outcome of other electron
density measurement diagnostics on TEXTOR.
For the reconstruction of the electron density profile
from the measured light profile, a program of Josef
Schweinzer at IPP is going to be used. The exploration of the
capabilities and limits of this program has been started. The
integration of the diagnostics to the TEXTOR database
system has also been started.
5% of the pixels of the CCD detector are already
damaged by the ionizing radiation during high power
discharges, so in the final setup it will be necessary to shield
the camera. This damage process was followed and
documented.

Figure 5. Section view
of the mirror holder
for TEXTOR Li-beam
observation system

New optics
Design of the outer part of the new observation system started with measuring the available room for the
new optics below the yoke. Basic optical design of the outer part of the new observation system has been
finished and some minor refinement is underway A CATIA model of this environment – where the new
optical elements and detectors will be placed – has been built. Elements of the new observation system are
also introduced into the CATIA model to find a design for a holder for these elements in the available room.
Local experts accepted the concept of the mechanical design and suggested only a few minor modifications.
Preparation of the detailed drawings for the production has been started.
After the preliminary concept of 2005, the mirror holder for the TEXTOR Li-beam observation system
has been developed to its final version. The body of the mirror holder consists of two closed tube, while the
U-shape leg is reinforced by the frames of the mirrors and the shutter to be strong enough to stand even the
high stresses during disruption conditions. An essential part of the design was the actuation of the shutter (to
open and close) and the first mirror (to rotate the mirror on a 3.3° range). Almost all parts are made of nonmagnetic stainless steel that does not perturb the magnetic field in the tokamak. All components are designed
so that the 150°C operational temperature will make no damage and the moving components remain
operational. The top flange is water cooled, to avoid high temperature at the window closing it. The detailed
drawings have been accepted by the main workshop in FZJ and the production has been started. The parts are
expected to be ready at the beginning of 2007.
Simulation
A small mistake was discovered in the geometry used in previous AXCEL runs but a few runs with the
corrected geometry showed that this mistake had no serious consequences. Runs without current limit
showed that the space-charge limited currents predicted by the codes were considerable higher then the
values extrapolated from experiments using the Child-Langmuir law. A series of runs were made with an
altered emitter position. Evaluation of these runs is under way.
Comparison of the results of beam simulations with the CPO and AXCEL codes for the TEXTOR
geometry has been finished: beam diameter and divergence were computed at different high voltage ratios
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for both space charge limited and current limited cases. The results of the two codes are very close to each
other and the trends are almost the same but the space charge has stronger effect in the CPO code. It means
that it is very likely that one of the codes contains an unjustified factor to compute this effect.
The new type of emitter was tested in the JET duplicate Li-gun in Garching and runs –using the AXCEL
code with that geometry – were made. The results were not in good agreement with the experimental
findings which might be due to some inaccuracy in the geometry therefore further runs will be made with
slightly different geometry.

DIAGNOSTIC NEUTRAL BEAM DEVELOPMENT
S. Zoletnik, S. Bató, G. Anda
KFKI-RMKI
Collaboration: IPP-Garching, UKAEA
Contact E-mail: zoletnik@rmki.kfki.hu
The work in 2006 continued with the aim of developing a high-current Li-beam emitter for the Libeam diagnostics on JET, TEXTOR and ASDEX Upgrade. In the previous year a new concept had been
developed and the capability up to 4 mA beam current was demonstrated in short test runs. In 2006 this
concept was implemented and its reliability tested. Although the concept proved to be viable serious
reliability problems were found with the heating of the source, namely the welding between the current lead
and the heater filament failed after a few days of operation. In repeated development-test cycles the design
was refined and finally a reliable solution was found where the heater filament is welded using a platinum
foil into a slit in the side of the current lead. With this design emitter surface temperatures up to 1400 °C
could be routinely reached. Unfortunately at this high temperature it was found that the emission material
melts and penetrates into the TZM alloy material of the holder. Different materials and solutions were tried
with Molybdenum offering the best results. However, even with a Molybdenum cup the emission material
disappeared from the ion source after a few days of heating. It is believed that this problem can be solved,
but some more development is needed in 2007.
As the final design of the emitter could not be finished, the testing of new acceleration concepts was
put on halt in 2006.

BEAM EMISSION SPECTROSCOPY
FOR DENSITY TURBULENCE MEASUREMENTS ON MAST
D. Dunai, A. R. Field, S. Zoletnik,
KFKI-RMKI
Collaboration: UKAEA Fusion, Culham Science Centre
Contact E-mail:dunai@rmki.kfki.hu
A trial beam emission spectroscopy (BES) system has been
installed on the MAST spherical tokamak to characterize the lowamplitude, high-frequency density turbulence. The intensity of the
Doppler-shifted, visible Dα emission from the D0 heating beam is
observed, which is proportional to the electron density. Although
heating beams are usually 10-20 cm wide (FWHM) it is still
possible to measure a few cm size structures if the observation is
along the magnetic field lines, since these structures are toroidally
elongated.
Figure 6. Multi-channel, cross-correlation of BES signals with ch.
2 as reference from an ELMy H-phase of a discharge with 1.3 MW
NBI power.

8

This trial system utilizes the collection optics of the CXRS system and images 8 spatial channels (∆R ~ 4
cm) over the gradient region of the plasma onto large area APD (25 mm2) detectors with high QE (85%),
equipped with state-of-the-art amplifiers, to provide measurements at up to 1 MHz bandwidth. The first
channel is out of the separatrix the last channels are deep in the core plasma giving a wide overview of
plasma fluctuation behaviour through a wide range.
First results have verified simulations of the absolute beam emission intensity and indicate the presence of
density turbulence with a temporal correlation time (τc > 100 µs) in the edge region as well as coherent MHD
modes which is strongly correlated with magnetic data. The magnitude of the cross-correlation with
neighbouring channels decreases, indicating that the correlation length of this edge turbulence is ~ 4 cm (Fig
6.). The character of the edge turbulence changes strongly in the H-mode phase.
In the core plasma, low amplitude (δI/I ~1-2 %) structures with the correlation time of τc ~ 5-20 µs are
observed, with amplitude close to the detection limit. Intensity fluctuations of a similar character are also
observed in all channels when the beam is fired into a gas target, which are produced by fluctuations in the
ion current from the beam source. Attempts to remove this common-mode component from the signals have
so far been unsuccessful due to the relatively high level of noise.
The lowest amplitude fluctuations measurable with this system are at a few percent level. It is expected that
with an optimized optics viewing from a more suitable direction the detection limit could be pushed down by
a factor of 5-10.

DEVELOPMENT OF FAST LIGHT DETECTION SYSTEM
FOR BEAM EMISSION SPECTROSCOPY
D. Dunai, J. Sárközi, S. Zoletnik
KFKI-RMKI
Contact E-mail:dunai@rmki.kfki.hu
The development of an Avalanche Photo Diode (APD) based high-frequency detector system was
continued from the last year. This diode has an internal gain of ~50 while the quantum efficiency is quite
high (~85 %), which makes it suitable for low light level measurements. In the previous year a one channel
prototype was built to test capabilities of the diode and the
electronics and to compare the measured noise level with
the calculated noise figures. In the basis of that one channel
detector an 8 channel detector system was designed and
manufactured. A special compact power supply was
designed to this APD camera unit as well. The signals of the
amplifiers are digitized with a 2 MHz NI ADC card while
the power supply is controlled with a slower NI AD/DAC
card. This system allows us to record and to control the
measurement parameters at the same time. The temperature
of the APDs is stabilized by a Peltier cooler. The gain of the
APDs and the temperature of the APD panel can be set from
the data acquisition computer. A calibration LED row was
integrated into the system giving the possibility of test
measurements, even if the unit is installed in a closed area.
The calibration light level and form of the signal can be set
Figure 7. The developed APD based 8-channel
in the measurement software using a DAC. To minimize the
detector system with active cooling in a vacuum
box
heat conduction and to avoid moisture condensation the
house can be vacuum sealed.
In 2006 this 8-channel system was installed in a heating beam of MAST. Although the detected
number of photons is quite low, the results showed the evidence for coherent MHD modes and turbulence. In
the next year a similar 16 channel system is planned for the TEXTOR Li-beam and preparations for a 2D
beam imaging detector head will be started.
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INVESTIGATION OF PELLET-PLASMA INTERACTION
AT THE ASDEX UPGRADE TOKAMAK
S. Kálvin, G. Kocsis, J. Sárközi, T. Szepesi
KFKI-RMKI
Collaboration: IPP-Garching
Contact E-mail:kocsis@rmki.kfki.hu
Recently cryogenic hydrogen isotope pellets were used not only for tailoring the core profile but also
for edge plasma control (Edge Localized Mode - ELM - pace making) by means of frequent small and
shallow penetrating pellets. Therefore the detection of the distribution of the pellet cloud with high spatiotemporal resolution has more than a pellet-plasma interaction centered importance. For these ELM control
investigations the understanding of the underlying processes depends highly on the information regarding the
localization of the pellet during the ELM. High resolution ablation profiles and pellet path measurements at
different pellet parameters (mass and velocity) are required to understand the mechanism of the ELM
triggering. The collaboration between KFKI-RMKI and IPP aims the investigation of the pellet-plasma
interaction to lay emphasis on the investigation of ELM triggering.
Investigation of the ELM triggering mechanism
In order to understand the underlying processes the ELM triggering mechanism was investigated. The
major questions of the investigations were: at which magnetic surface was the ELM initiated and what was
the corresponding local perturbation caused by the ablating pellet. During the investigations the natural ELM
cycle was probed by injecting pellets from the HFS of ASDEX Upgrade tokamak with significantly lower
frequency than the natural ELM frequency. To map the position of the pellets at the onset of the triggered
ELMs pellets with different velocities were injected into the plasma. The experiments were performed in
2005 and the detailed analysis of the experimental results was done in 2006.
In order to determine the delay of a triggered ELM relative to the pellet injection, the time when the
pellet crossed the separatrix was calculated by reconstructing the pellet trajectory. To get information about
the dynamics of the pellet triggered ELMs, the evolution of their MHD activity was monitored by a set of
magnetic pick-up and Mirnov coils. The ELM onset was taken when the Hilbert-Huang spectrum of a coil
signal integrated over a typical frequency range exceeded a predefined threshold. The ELM onset time was
obtained by averaging the ELM onsets over a set of coils located on the low field side of the plasma. This
way the delay between the ELM onset time and the time when the pellet crossed the separatrix could be
determined.

Figure 8. Histogram about the trigger location (the location of
pellets at the ELM onset) and the plasma pressure profiles as a
function of the distance along the pellet path measured from the
position of the separatrix (the pedestal top is at about 6cm)
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We suppose that to trigger an
ELM a pellet has to reach a certain
magnetic surface of the plasma
(location of the seed perturbation)
inside the separatrix independently of
its mass and velocity. After the pellet
reached this surface the perturbation
introduced by the ablating pellet
spreads to the trigger position and
finally an ELM is initiated. As a
consequence the onset of the triggered
ELM is delayed after the pellet entered
into the confined plasma and this ELM
onset delay has two components. One
is a time of flight of the pellet from the
separatrix until the location of the seed
perturbation and the other - assumed to
be pellet velocity independent - is an
intrinsic delay which incorporates the
perturbation spread time and the

instability growth time. According to this assumption the most probable location of the seed perturbation can
be determined and it was found to be at the middle of the pedestal - at the high plasma pressure gradient
region. The onset of the MHD signature of the ELMs was detected about 50 microsec after the pellet reached
the seed position. According to these observations ELMs can be triggered either by the cooling of the
pedestal region causing sudden increase of the pedestal plasma pressure gradient driving the plasma to the
unstable region of the ballooning mode or by the strong MHD perturbation triggering an instability
developing into an ELM.
Blower-gun development
It was found that ELMs can be triggered by the injection of fuelling pellets, thereby taking over the
control of the ELM frequency for sufficiently frequent pellet injection. However, fuelling pellets are
excessively large for ELM-triggering, as studies have shown only a few percent of the pellet is ablated when
the ELM is triggered. Also, fuelling pellet injectors usually deliver pellets into the plasma from the magnetic
High Field Side (HFS) to increase fuelling efficiency through drift effects – yet fuelling is an unwanted sideeffect in case of ELM-triggering as it decreases the confinement. For these reasons, a new pellet injector
designed principally for ELM-triggering was constructed at ASDEX Upgrade to overcome the above
mentioned weaknesses. The new injector is a blower-gun, i.e. the pellet is accelerated by the viscous drag of
a high-speed propellant gas pulse. The collaboration with IPP Garching aims at the the reduction of the pellet
size to decrease the unwanted fuelling effect, and to increase the pellet injection frequency to study ELMcontrol by pellet injection at frequencies above 80 Hz. The new injector is capable of delivering pellets from
the Low Field Side (LFS), which allows for the comparison of HFS and LFS experiments.
The pellet extractor produces cylindrical pellets of 2mm in diameter and a maximum length of 1mm.
In an attempt to decrease pellet volume, the length of the pellets were decreased to 0.5 mm. However, this
large aspect ratio disc proved to be highly vulnerable as deuterium ice is a rather soft material. With this
setting, the pellet injector was unable to reliably deliver pellets to the plasma. To investigate this problem, a
shadowgraphy diagnostic was developed, that revealed pellets were broken in the flight tube or even during
acceleration. Therefore, the pellet length was
temporarily restored to 1mm, and the final pellet
mass reduction is planned to be achieved by
modifying the pellet extractor to produce 1 mm
diameter pellets.
For the in-situ investigation of the pellet
integrity, a fast photography method was used: the
pellet
pellet was illuminated by an intense IR laser, and
the image was recorded with a CCD camera. Using
a 1 µs laser pulse, no blurring of the image occurs.
On the image, the shadow of the pellet is recorded,
which easily reveals cracks, breaks and/or
deformations of the pellet. The diagnostic contains
Figure 9. Shadowgrahy image of a slightly deformed pellet
two measuring locations, one just after the injector,
just after the acceleration
and one after the flight tube. The manual
evaluation of the 2 mm x 0.5 mm pellets showed
frequent breaks, high erosion and heavy deformation of the pellets, leading to the mentioned reduction of the
pellet delivery efficiency. Restoring the original 1mm pellet length rewarded us with stiff pellets, showing
hardly any deformations and only rare breaks or cracks. As these larger pellets seemed to preserve their
shape throughout their flight to the plasma, an automatic shadow evaluating program could be applied for
estimating the pellet volume from a single 2D image. This estimate, containing a Bayesian analysis, has an
error of 20%, which originates partly in the low resolution (320x120) of the images and partly in saving
computing time in the reconstruction algorithm, but the main reason for this error is the fact that we guess
the volume from a single 2D image. However, this method is sufficient to determine the pellet delivery
efficiency in various setups of the injector, allowing for easier optimisation of the Blower-gun.
The thorough testing of the different setups has shown that pellet delivery efficiency constantly
decreases with the injection frequency, although the decrease is very slight until 40 Hz. This quantitative
analysis has also supported the operator’s own conclusion, and therefore the most reliable operating scenario
is as follows: 40 Hz pellet injection frequency with 3.5 bar propellant gas pressure.
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SIMULATION OF THE PELLET PLASMA INTERACTION
K. Gál, T. Fehér, S. Kálvin, G. Kocsis, D. Wágner
KFKI-RMKI
Contact E-mail: kalvin@rmki.kfki.hu
Pellet injection into fusion plasmas is an often used and intensively investigated method. Pellets with
different materials, size and velocities are used for different purposes. Pellets of frozen hydrogen isotopes are
proposed mainly to refuel the plasma and to tailor the core plasma profiles in magnetic devices but nowadays
edge plasma control by frequent small and shallow penetrating pellets are in the front of the research, too.
Impurity pellets mainly made of low Z material are also used intensively for diagnostic purposes (plasma
parameter determination, impurity transport investigation) or quenching the plasma prior to hard disruption.
These problems are also important for ITER.
Quasi 2D modeling of the dynamics of the ablation flow and shock wave formation
The evolution of a cloud formed around a macroscopic pellet exposed to hot magnetized plasma is a
complex and fully 3D phenomenon. Neglecting the pellet motion and the drift of its cloud across the
magnetic field lines the pellet cloud can be separated into two distinct regions and one transitional zone:
close to the pellet the basically neutral cloud expands spherically while further away the highly ionized cloud
turns into a channel flow along the magnetic field lines. To simulate this phenomenon is of high importance
because a correct understanding of the underlying processes allows one to predict such parameters as the
ablation rate and penetration depth of the pellet and the cloud density and temperature which determines the
cloud drifts and radiation. The MHD equations formulating this problem can be reduced to 2D ones
considering a cylindrically symmetric cloud. Instead of applying a complicated 2D MHD calculation, we
suppose that the spherical expansion of the near pellet cloud regions "smoothly" turns into a channel flow
along the field lines. Following this idea we have given forth the well-known and widely used transonic flow
ablation model by solving the same hydrodynamics (HD) equations but in a different geometry. In the light
of the presence of the magnetic field we realized the ablatant flow in a nozzle with a varying cross-section.
Close to the pellet surface the expansion is spherical that is the nozzle's cross-section is proportional to
second power of the distance from the pellet then the magnetic field of keeping together the ionized gas force
the ablatant flow into a tube with a constant cross-sectional area (channel flow).
The results of the simulation show that due to the transition to the channel flow a strong shock wave
was formed in the transition region. In the region close to the pellet the flow is steady state and similar to the
pure spherical flow. The consequence of this feature is that the shielding is mainly concentrated to the region
very close to the pellet. Upstream to the shock wave an unsteady wave rarefaction is formed. We found that
the formed shock is not steady-state, the shock surface moves toward the pellet surface. After a certain time
depending on the channel diameter the structure of the ablation flow is completely changed, the steady state
subsonic flow close to the pellet disappears from its cloud. This leads to the redistribution of the density
profile along the channel, significantly changing the ablation rate.

Figure 10. Time evolution of the Mach number of the flow in the ablation cloud and the characteristics curves of the
density. The red curve indicates the position of the shock.
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Simulation of carbon doped deuterium pellet
Deuterium pellets injected in tokamaks cause a wide variety of plasma phenomena which may be
influenced by the properties of the pellet cloud. To verify this assumption one should modify the properties
of the pure deuterium pellet cloud, for example by doping the pellets with strongly radiating elements like
carbon.
The carbon doped deuterium pellet clouds have been investigated concentrating on the radiation
properties of the cloud and compared with the pure deuterium pellet clouds. The calculation showed that
already 0.5% of carbon may increase the total radiated energy with almost an order of magnitude. Although
the pellet cloud dynamics changes considerably in the presence of carbon, the difference in the penetration
depth of a pure and a carbon doped deuterium pellet is negligible even for the highest experimentally
available doping concentration at ASDEX Upgrade (2%).

RADIATION DISTRIBUTIONS IN TCV DURING ELMS
G. Veres, A. Bencze, M. Berta, S. Kálvin
KFKI-RMKI
Collaboration: CRPP-Lausanne
Contact E-mail:veres@rmki.kfki.hu

A 7 camera 140 lines of sight AXUV diodes based camera system is in operation on TCV offering an
excellent spatial coverage in a single poloidal cross-section along with a unique, 250 kHz time resolution.
The camera system enables us to study the changes in the radiation distribution with the help of tomographic
inversion of the measured data. In 2006, the studies were mainly directed toward identifying the main
radiation distribution patterns that occur on TCV during ELMs. The target plasma discharges were X-3
heated and had a line averaged central electron density of
4·1019 cm-3 at 350 kA plasma current. Figure 11. shows
the time evolution of signals of three selected AXUV
channels. (Figure 12. shows the lines of sights for these
channels along with the magnetic configuration.) It is
seen that the radiation first peeks on the channel that
looks at the outboard midplain, then on the one that looks
at the inner divertor and finally the radiation has its
maximum in the outer divertor. Figure 13. shows the
inverted images produced at the times indicated above the
images. (The same times are indicated on Figure 11. by
green bars.) Before the ELM the radiation is peeked
inside the separatrix around the X-point. Just before the
radiation sharply increases around the outboard midplain,
the radiation pattern moves away from the X-point, Figure 11. The time evolution of three AXUV
toward the area of the inner divertor leg. Later on the signals along three different lines of sight during
radiation distribution has two maxima, namely around the an ELM in the TCV shot #33563. For the lines of
two divertor strike points. Towards the end of the ELM sight of these channels see Figure 12.
cycle the radiation regains it's pre-ELM distribution.
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Figure 12. The magnetic equilibrium of the shot #33563 and lines
of sights of the three selected AXUV channels of Figure 11.

Figure 13. Tomographically
inverted radiation distributions
during an ELM cycle in the shot
#33563 at the times indicated
above the images. The same
times are marked by green bars
on Figure 11.

STATISTICS OF ELM FILAMENTS MEASURED
BY FAST LOW FIELD SIDE WALL LANGMUIR PROBES ON TCV
A. Bencze, M. Berta, G. Veres
KFKI-RMKI
Collaboration: CRPP-Lausanne
Contact E-mail:abencze@rmki.kfki.hu
Complex filamentary or fine scale ELM structure has
been observed and characterized in the scrape-off layer of the
DIII-D, ASDEX and JET tokamaks. In this contribution we
report on the statistical properties of fine structures found in
the ELM driven ion fluxes registered at the low field side
main chamber walls of the TCV tokamak. An array of 19 wall
embedded Langmuir probes located in a single poloidal line
spanning of 10cm above and below outboard midplane has
been used to monitor both Type III ELMs observed in
standard TCV ohmic H-modes. The probes are operated in
ion saturation and acquired at 125kHz, revealing a rich
filamentary structure, and substructure within individual
filaments and providing information on the poloidal
distribution of the ELM outflux. A detection-threshold-based
method (DTBM) has been developed for identification of
both individual ELM events and ELM filaments (see Figure
14.).
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Figure 14. Using DTBM for event detection

Using DTBM it was found:

The time delay between coherently
averaged Langmuir probe signal and
the nearest Mirnov coil signal was
around 50 microseconds.
• The ELM duration was detected to
be ~400 microsec. with ~6 ms long
inter-ELM periods.
• The average number of filaments
inside an ELM was about 6-8 with
slightly asymmetric distribution
(skewness ~ -0.5), as it is shown in
Figure 15.
•

Figure 15. Statistics of ELM sub-structures
(filaments).

SYSTEMATIC DENSITY FLUCTUATION STUDY
AT THE W7-AS STELLARATOR
E. Belonohy, S. Zoletnik
KFKI-RMKI
Collaboration: IPP-Garching
Contact E-mail:belonohy@rmki.kfki.hu
Turbulence in the edge and core plasma is thought to
be responsible for anomalous transport, thus strongly
motivating the study of fluctuations in relevant plasma
parameters. This year the study concentrated on the
magnetic configuration dependence of the ELM-like
transients and its relation to the anomalous transport. These
transients of some hundred microsecond lifetime were
observed in various plasma parameters both in L-mode as
well as in H-mode discharges on the Wendelstein 7-AS
(W7-AS) stellarator. As both the transients as well as the
anomalous transport have strong sensitivity to the magnetic
configuration, that can be well studied at W7-AS due to the
Figure 16. Iota dependence of the RMS
flat and externally well controllable iota profiles, a large
amplitude of the ELM-like transients and
series of 147 low density discharges were selected covering
appearance of the profile flattening in the
a wide range of
ECE profiles
iota
( ι = 0.3 − 0.6 ). Electron density profiles obtained from the LiBeam Emission Spectroscopy (Li-BES) and electron temperature
profiles from ECE were studied using a newly developed
algorithm based on correlation techniques that can separate and
characterize the different phenomena present in fluctuations.
In Figure 16. the iota dependence of the amplitude of
ELM-like transients appearing in the electron density near the
separatrix is shown above the iota dependence of the strength of
the electron temperature profile flattening obtained using a
pattern recognition technique applied to the ECE cross-correlation
functions.
The pattern of profile flattening is looked at in the
spatiotemporal correlation function of ECE profile changes. A
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Figure 17. Electron temperature profile
flattening as seen on ECE crosscorrelation functions used as a pattern in
Figure 15.

typical picture is shown in Figure 17. The reference channel for the correlation analysis is on the LFS, while
we detect the pattern associated with sudden profile flattening on the HFS. The H-mode iota windows
(Wagner et al., Phys. of Plasmas 12072509, 2005) are highlighted with a green box for the range
ι = 0.47 − 0.58 . The ELM-like phenomena clearly both in the Li-beam and ECE measurements at the most
studied H-mode windows around and 0.53 rotational transform.

TURBULENCE STUDIES ON THE CASTOR TOKAMAK
A. Bencze1, M. Berta2, D. Dunai1, G. Veres1
1
KFKI-RMKI
2
Széchenyi István University
Collaboration: IPP- Prague
Contact E-mail: bertam@sze.hu
Reynolds-stress measurement
CASTOR is a small tokamak with a minor radius of 9 cm and relatively low density and temperature,
therefore it is possible to use Langmuir probes to diagnose fluctuations up to the 60% of the minor radius.
Using autocorrelation width technique, random flow modulations have been observed with relative
fluctuation amplitude of about 10-20%, radial length of 1-2 cm and high poloidal elongation.

Figure 18. Basic idea of the Reynolds-stress probe (left), Measured Reynolds-stress profile (right)

The importance of Reynolds-stress in generation of turbulence induced random flow was recognized
by recent theories. In order to investigate turbulent Reynolds-stress experimentally a new kind of rake probe
was developed (See Figure 18, left.).

This new probe is a double-row array of individual Langmuir tips. These two rows are poloidally
separated by 2.5 mm and the radial resolution is also 2.5 mm. During the measurements presented
in this contribution all tips were used in floating potential mode. This allows us to determine both
the radial and poloidal electric field and its fluctuations at the same radial position.
Using this probe the whole radial profile of the turbulent Reynolds-stress can be determined with high time
resolution (See Figure 18, right.), which is the main advantage of such a probe.
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Poloidal flow modulation measurement
The Reynolds-stress probe allows us to measure
both poloidal and radial flow velocity by calculating
the shift of the crosscorrelation function maximum
between poloidally or radially displaced tips. New,
fast measurements of poloidal flow velocity
modulations were performed on CASTOR, with 5
MHz sampling frequency.
The top row of Figure 19. shows clear
modulations in the poloidal flow velocity. Central row
of Figure 19. is the APSD of these modulations.
The energy content of flow modulations is
concentrated in the low frequency range (< kHz) of the
power spectrum.
The bottom row of Figure 19. shows the
autocorrelation function of poloidal flow modulations.
Characteristic correlation time for investigated
poloidal flow modulations is ~ 500 µs.
The
above
results
correspond
to
characteristics of Zonal flow-like structures
observed by us previously on CASTOR.

Figure 19. Characteristics of poloidal flow
modulations

STATISTICS OF TWO-POINT CORRELATION MEASUREMENT
B. Tál, A. Bencze, S. Zoletnik
KFKI-RMKI
Contact E-mail:tal@rmki.kfki.hu
One of the opened and relevant problems in fusion devices is the time and space resolved
measurement of the plasma flow velocity. If the movement of turbulent eddies in the plasma is determined
by the background plasma flow, the simplest velocity measurement technique in the system is a fluctuationbased technique: the crosscorrelation function of two close probes must be calculated and the velocity can be
determined by reading the time delay of the crosscorrelation function maximum. The properties of the eddies
are controlled by random processes, so the velocity measurement has uncertainty. If this error depends on the
evaluation time window (the length of the actual investigated part of the time signals), the modulation
amplitude and also the time resolution of the velocity will be limited by the length of the time window. The
purpose of this investigation is to determine the statistics of this velocity measurement technique in order to
be able to interpret the calculated data correctly.
For the determination of the uncertainty of this velocity measurement technique the uncertainty of the
crosscorrelation function must be calculated at first. Several noise sources may be present, in our
investigation the effect of the event statistical noise originating from the finite number of random
overlapping events (eddies) has been studied.
In our model the signals consist of a sum of similar bounded functions, each representing one eddy.
The function shapes are determined by a set of constants and statistically independent random variables. The
eddies evolve in space and time. The velocity is assumed to be constant during one evaluation time window.
The general results of the calculations were evaluated in a special case: Gauss-shaped events and
uniform distributions were substituted into the general formulas. The quantities were fixed into the order of
magnitude of a tokamak-plasma so the formulas could be simplified by some approximation. The final
formula for the relative scatter of the crosscorrelation function is:
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where wx is the correlation length, wt is the lifetime of the eddies, v is the velocity, τ is the timelag, xb
and xa are the positions of the probes and ∆T is the evaluation time window.
The main properties of this formula are the following:

•
•

If the number of the events is high enough, the relative scatter will be
independent of the number of the events.
The relative scatter is inversely proportional to the square root of the evaluation
time. (see Figure 20.)

Figure 20. The dependence of the relative scatter of the cross-correlation function at the position of the maximum on
the length of the evaluation time interval.

The correctness of the analytic calculations was investigated by numerical simulations. The simulated
values of the relative scatter were also plotted into Figure 20.

MAGNETOSONIC-WHISTLER WAVES DESTABILIZED
BY RELATIVISTIC RUNAWAY ELECTRON BEAM
G. Pokol
BME NTI
Collaboration: Chalmers University of Technology, Göteborg
Contact E-mail:pokol@reak.bme.hu
During the current quench in tokamak disruptions large electric fields are induced that generate highly
relativistic beams of runaway electrons (with energy of the order of 20 MeV). These energetic electrons
might cause damage to the wall, particularly in reactor scale devices with large currents. Most of the
runaways are produced in close collisions with fast electrons (secondary production), which leads to an
avalanche, and finally to a strongly anisotropic runaway distribution function. Runaway electrons having
strongly anisotropic velocity distributions may excite magnetosonic-whistler waves at Doppler-shifted
harmonics of the cyclotron frequency.
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A local linear instability growth rate of these waves has been calculated both perturbatively and by
numerical solution of the full dispersion equation with assumptions valid for disruptions in large tokamaks.
The local threshold of the instability depends on the fraction of runaways (nr/ne), the magnetic field (BT,
measured in Tesla), and the temperature of the background plasma (TeV, measured in eV):

The quasilinear analysis shows that the main result of the instability is the scattering of the electrons in
pitch-angle, which may effect the formation of the beam.

NEOCLASSICAL TRANSPORT IN COLLISIONLESS IMPURE PLASMA WITH LARGE
GRADIENTS
I. Pusztai
BME NTI
Collaboration: Chalmers University of Technology, Göteborg
Contact E-mail: pusztai@reak.bme.hu
This work has been motivated by the fact that recent measurements of poloidal impurity rotation have
shown disagreement with the neoclassical theory. In previous neoclassical calculations, modifications to the
conventional theory due to large gradients were not taken into account. In this work we adopt the following
ordering: impurities are assumed to be in the plateau regime (in high temperature plasmas such as expected
in the ITER edge, 15 < Z < 30 impurities are in the plateau); mZ / mi  Z  1 ; the fraction of impurities is
assumed to be small in the nZ Z 2 / ni  1 sense. We used large aspect ratio approximation. We
approximated the ion-ion collision operator by the Kovrizhnikh operator.
The kinetics of the bulk ions only differs from conventional neoclassical theory because the impurity
density is not evenly distributed on the flux surface. If the impurities were in the collisionless regime, the
impurity density would be poloidally uniform since the friction force is less then the mirror force. However,
if the impurities are in the plateau regime, the friction may redistribute them on the flux surface. This
redistribution may then affect the friction itself, so the transport (driven by the friction) becomes nonlinear.
We have found the proper form of the drift kinetic equation to determine the impurity distribution from. The
equations can be simplified in the trace impurity limit, where the collision frequency becomes independent
of nZ, because collision between impurities and ions are more frequent than collisions between impurities.
Using further simplifications in order to obtain qualitative results, we found that there could be
impurity accumulation at θ = π / 2 poloidal angle, which were observed for example in Alcator C-Mod.
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MODELING OF ATOMIC BEAM AND PLASMA INTERACTION FOR DIAGNOSTICS
DEVELOPMENT PURPOSES
G. Pokol, P. Pusztai, G. Por
BME NTI
Collaboration: IPP-Garching
Contact E-mail:pokol@reak.bme.hu
Beam Emission Spectroscopy (BES) is a widely used plasma diagnostic, which provides non-intrusive
local measurement of both electron density and its fluctuation. An IDL language BES simulation code has
been developed for alkali diagnostic beams helping the design of BES measurements and aiding the
evaluation of the measured data.
The simulation models the atomic physical processes of the beam-plasma interaction by solving the
rate equations along the beam, as well as the basic properties of the observation and detecting system. It
takes the finite beam width and also the current density distribution into consideration. The result of the
calculation is the detected photon number per unit time in each detector segment, which determines the
photon statistics, what is the main noise source of a typical BES fluctuation measurement, limiting the
maximum sampling frequency for density fluctuation measurement. Quasi-2D (“virtual beam”)
measurements, when the beam is deflected between two or more positions, can also be simulated by the
program. The program can be easily extended with modules of different devices, cross-sections for different
alkali elements, and even whole atomic physics kernels.
We found that the finite width of the beam becomes important when it penetrates a steep density
gradient at an angle or the observation is not perpendicular to the beam. The effect was assessed for different
configurations.
Extensive calculations have been performed for the Compass-D tokamak (to be reinstalled at Prague).
Optimal arrangement and beam parameters have been determined for density profile and fluctuation
measurement purposes.

Figure 21. Output of the simulation code: picture to the left shows the poloidal cross-section of the Compass-D
tokamak with magnetic field lines, the calculated emission (purple) of the Li beam penetrating from the low field side
midplane port, and the lines of sight of the observing optical system; top right plot shows the density variation along the
beam (dashed curve) and the resulting emission (solid curve); bottom right plot shows the emission as observed by the
detectors of the optical system
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INVESTIGATION OF THE STRUCTURE OF THE TRANSIENT MHD MODES IN
WENDELSTEIN 7-AS
G. Papp, G. Pokol, G. Por
BME NTI
S. Zoletnik
KFKI-RMKI
Collaboration: Chalmers University of Technology, Göteborg
Contact E-mail:pokol@reak.bme.hu
It had been shown in previous works that the
appearance of transient MHD modes in L mode W7-AS
discharges correlates with transient transport events seen
as short-lived relaxations of temperature profiles (ELMlike modes). We explored the spatial structure of these
MHD modes in detail using coherence functions and phase
diagrams derived from toroidal and poloidal Mirnov coil
arrays. Along with the transient MHD modes with a spatial
structure resonant to the edge magnetic field structure,
other types of transients have been identified in the
magnetic signals.

Figure 22. Agreement between simulated and
experimental phase diagrams, shot #47941,
m=3. Black lines show experimental results,
blue line shows simulated result in cylindrical
geometry, red line shows simulated result in
real W7-AS.

Complementary to ongoing analysis of experimental
data, speculation on the origin of transient MHD modes
has begun. Several possibilities (drift waves, peelingballooning modes, Alfven eigenmodes, rotating flux tubes)
had been considered and abandoned for different reasons.
However, reasonable agreement has been found with
experimental phase diagrams, assuming shear-Alfven
continuum waves. This hypothesis needs further
confirmation.

RUNAWAY ELECTRON GENERATION DURING PLASMA SHUTDOWN BY KILLER PELLET
INJECTION
K. Gál, T. Fehér
KFKI RMKI
Collaboration: Chalmers University of Technology, Göteborg
Contact E-mail:gal@rmki.kfki.hu
Disruptions in high-current tokamaks such as JET and ITER can be accompanied by runaway electron
generation. These electrons may severely damage the first wall on impact. To mitigate disruption-induced
problems it has been proposed that one or several “killer” pellets could be injected into the tokamak plasma
in order to safely terminate the discharge. Killer pellets enhance radiative energy loss and thereby lead to a
rapid cooling and shutdown of the discharge. However, pellets may also cause increased runaway
production, as has been observed in experiments in several tokamaks.
During pellet injection there are two competing effects which should be considered. The pellet
increases the electron density and therefore suppresses the acceleration of the runaway electrons because of
higher collisional friction. At the same time the pellet also increases the plasma resistivity due to cooling and
higher charge number. This leads to an increased toroidal electric field which accelerates the runaways. The
evolution of the background plasma density and temperature during the ablation of carbon pellets injected in
JET like plasma has been calculated to determine the post pellet induced runaway current. To provide these
profiles we rely upon a pellet ablation code describing the ablation and the dynamics of the clouds which
surrounds the pellet. To determine the electric field and the post-disruption runaway current profile we solve
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the equation for runaway production coupled to an equation for the evolution of the toroidal electric field. If
the pellet induced cooling is very efficient, the rising toroidal electric field E may become higher than the
critical electric field for runaway production. When this happens, runaway electrons can be produced by the
primary (or Dreicer) mechanism. Once primary runaways are generated they act as a seed for the secondary
avalanche mechanism which may lead to the increase of the runaway current.
In the case of low velocity (100 m/s) and big pellets (rp 0.8 − 0.9 mm) runaways are induced as can be
seen in Figure 23. Most runaways are in this case generated by the secondary mechanism. For medium and
high velocities, of the order of 200 − 1000 m/s, the pellet penetrates to the center (or even beyond), and no
runaways are produced. The pellets cool down the plasma and trigger a current quench, but for single pellet
injection the current decay time is too long (> 10 s).
To shorten the current quench time multiple pellet injection has been proposed. Similarly to single
pellet injection, slow pellets (100 m/s) will induce runaways, even if the size of the pellets is small. Big
single pellets with medium velocity (200 m/s) do not cool the plasma enough for fast plasma shutdown
(neither do they produce runaways). However, multiple medium size pellets having the same velocity,
penetrate far into the plasma and cause a considerable cooling. For example the last pellet in a series of four
pellets of 5mm radius and 200m/s velocity reaches the plasma center and cools it to around 400eV. The
current quench time is around 2 s and only a small runaway current of less than 0.1% of the initial current is
produced. However this current quench time is still too long, the possibility to its reduction is the subject of
our ongoing investigations.

Figure 23. A simulation of a carbon pellet with radius of 0.8 mm and velocity of 100 m/s Top: The evolution of the
temperature and density, calculated by the pellet code. The density increase is too small to compensate for the
temperature drop, so Dreicer runaways will initially be generated. Bottom left: The initial radial profile of the Ohmic
current density and the post-disruption runaway current density. Bottom right: The total current falls on a slow time
scale of several seconds, which gives the avalanche mechanism time to produce a considerable runaway current.

22

MAGNETOHYDRODYNAMIC SIMULATIONS USING THE LATTICE BOLTZMANN
METHOD
G. Házi, P. Kávrán
KFKI-AEKI
Contact E-mail:gah@sunserv.kfki.hu
A new numerical method has been developed to model plasma instabilities by solving the viscous,
resistive MHD equations with second order accuracy both in time and space. The method is based on the 2D
lattice Boltzmann model. To model practical problems, the method has been extended to 3D and simple
MHD problems have been used for benchmarking, including the calculation of Alfvén dispersion, MHD
Taylor-Green vortices, Orszag-Tang vortices and Hartmann flow. Comparing our simulation results with
analytical or other numerical calculations, good agreement has been achieved for each benchmark problem.
On the other hand, the numerical calculation of the stationary state of a Z pinch has provided surprising
results.
For
this
problem
the
magnetic
configuration
is
given
by
Bx = A sin( x) cos( y )
B y = − A cos( x) sin( y )
Bz = B0 . This field forms plasma with cylindrical
shape in the center of the simulation domain. In steady state there should be no flow in the plasma and the
magnetic pressure must be in mechanical equilibrium with the thermodynamic pressure. Our first simulation
results were in disagreement with this simple picture. Although cylindrical plasma developed from the
initially homogenous density field (see in Figure 24. left), spurious velocities appeared in the domain. Since
these velocities (see in Figure 24. right) could cast serious doubt on the applicability of the method for the
simulation of plasma instabilities, we have made some attempts to reduce them. The origin of the spurious
velocities has been identified as the improper discretization of the Lorentz force in the momentum equation.
In order to reduce these velocities we need to use compact isotropic discretization, which has been
introduced recently in another research context of the lattice Boltzmann method. Our numerical results show
that the application of such discretization can reduce very efficiently the spurious velocities, opening the way
to step further and study plasma instabilities by the lattice Boltzmann method.

Figure 24. Density (left) and the projection of lateral velocities (right) are shown. The spurious velocities form
circulation cells around the plasma. These flows can be reduced efficiently by compact isotropic discretization.
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VIDEO DIAGNOSTICS DEVELOPMENT FOR THE W7-X STELLARATOR
G. Kocsis, Á. Molnár, G. Petravich, S. Récsei, J. Sárközi, A. Szappanos, S. Zoletnik
KFKI-RMKI
Collaboration: IPP-Greifswald
Contact E-mail: kocsis@rmki.kfki.hu
In 2005 the design of the Wendelstein 7-X video diagnostics has been started. This diagnostics is
devoted to observe plasma and first wall elements during operation, to warn in case of hot spots and
dangerous heat load and to give information on plasma size, position, edge structure, the geometry and
location of magnetic islands and distribution of impurities. The video diagnostics will be mounted inside the
Q-ports of the torus that are not straight and have about 2 m of length and a typical diameter of 0.12 m (see
Figure 25.). For the diagnostics a CMOS technology based camera with built in intelligence to perform real
time evaluation of the images is being built.
Three different concepts of the diagnostic setup were investigated and finally the one with the
following features was selected to work out in detail: the camera is divided into a front end Sensor Module,
located at the inner end of the Q-port containing only the CMOS sensor and minimal electronics, and an
Image Processing and Control Unit, located far away from the plasma, controlling the real time image
processing and data storage.
Mechanical design

Figure 25. Schematic of the vessels with a pair of Q-ports, and the
diagnostic components at the plasma facing end of the Q-port. The insert in
the upper left corner shows the concept of the port window protected with a
water cooled pinhole and the capsule containing optics and electronics.

The conceptual design of the
mechanics was finished in 2005 and
the detailed design is started in
2006. According to the selected
concept (See Figure 25.) the port
window facing the plasma is
protected by a cooled pinhole and a
shutter located behind the pinhole.
The Sensor module is located
behind the window in the port
which is under atmospheric
pressure. The Sensor module is
enclosed in a capsule which also
holds the optics imaging the torus
interior onto the CMOS sensor. The
capsule is air cooled through a
bellows which is as long as the
whole port. The capsule can be
inserted into and removed from the
port by a docking mechanism which
is described in a separate chapter of
this annual report.

A real size test port and its frame were built in our lab in 2006. This will be used to model and test
thermal loads and mechanical stresses of the port and the video diagnostic components expected during
different operational scenarios.
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Camera electronics development
In 2006 the building blocks of the camera system had been specified. The Sensor module for
irradiation tests has been designed and built and the debugging of the hardware started. A Matlab/Simulink
model of the Image Processing and Control Unit has been developed and its testing started.
The camera system consists of two major modules, the Sensor Module and the Image Processing and
Control Unit (IPCU). A PC provides the high level control. Figure 26. shows the building blocks of the
camera system.

Figure 26. The building blocks of the camera system

The functional specification of the modules and their interconnection had been developed. The LUPA1300 1.3 Mega pixel high speed CMOS image sensor had been selected for the Sensor Module. This sensor
chip has 444 frame/s readout speed for full frame images, which is the current state of art for the 1.3 Mega
pixel resolution. The readout speed can be increased approximately proportionally with the reduction of the
required image size. The Sensor Module contains only the essential components: a small FPGA needed for
controlling the sensor chip and the communication and the A/D converters for digitizing the analog sensor
signals. A 10Gbit/s fiber optics connection with proprietary communication protocol connects the sensor
module to the IPCU. The Sensor Module specification describes the communication between the Sensor
Module and the IPCU, the clock synchronization between the Sensor Module and the IPCU and the readout
of the sensor module.
A Standard 10 Gigabit Ethernet fiber optics connection connects the IPCU module to the PC with
GigEVision communication protocol. The Image Processing and Control Unit specification describes in
detail the functionality of the module,
including the region of interest handling,
event detection, trigger generation based on
the detected events, timing and data
handling. It also gives a full specification of
the commands required for controlling the
camera.

Figure 27. The Sensor Module for irradiation tests
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For the irradiation tests of the CMOS
image sensor a special version of the Sensor
Module had been developed, with only the
minimal electronics required for copper
wired connection of the image sensor to the
functionally reduced control module. This
version of the Sensor Module can be seen on
Figure 27.

INVESTIGATING RADIATION EFFECTS IN VIDEO CAMERAS OF WENDELSTEIN 7X
STELLARATOR
G. Por, Sz. Czifrus, K. Nagy
BME-INT
Collaboration: IPP-Greifswald, RMKI-KFKI
Contact E-mail:por@reak.bme.hu
The main goal of this project is:

•
•
•
•

To check if the video system can withstand the expected radiation in
W7X,
In which position we have to put the cameras to avoid its radiation
damage,
How to reduce the expected radiation damages,
What is its lifetime expectation?

First we tried to estimate the radiation levels, which may be expected in the video port of W7-X. This
was not so simple, since we did not know all details of the construction, since the part around the end of the
Q port is still in design phase. During this year the construction and construction materials have been
changed twice. As we will see from our results the relatively small change in material content (for example
the presence of some material containing hydrogen) may effect substantially on the radiation spectra and
consequently on the radiation damage of our optical devices. The estimation was based on Monte Carlo
calculations using well tested international MCNP code. We estimated not only neutron fluence along the
port, which was the original task, but also gamma spectra for the port, and moreover we also investigated the
possible shielding materials to reduce the radiation level.
Here we present some results of Monte Carlo calculation estimating the neutron and gamma fluences
and doses for silicon in the video ports of Wendelstein 7X. Results were compared with some data of
radiation damage in silicon based detectors, CCD and CMOS cameras. The comparison shows, that the
direct neutron and gamma effects are too small to destroy the camera. However, as a side effect medium and
high-energy gamma doses were estimated for the detector position, due to neutron capture in iron and in
hydrogen. We suppose that can be a cause for degradation of electro- and optical devices which had been
observed in several experiments.

Figure 28. The MCNP model of the port.

Figure 29. Arrangement for the dose
and shielding estimations.

Summarizing the results of the MCNP estimation for the hollow video port (no shielding) we found
that both the fluences and doses are falling rather slowly with the distance. Typically 1-meter distance
reduces fluences or doses only by a factor of three. The total tube reduces the radiation level by a factor of
ten.
Just behind the lead-window at the entrance of the camera port the neutron fluence is estimated to be
equal: 3,5·1013 n/cm2year, without any additional shielding in the tube.
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The neutron spectrum is rather hard, half of it
consists from fast neutrons (2.45MeV) the other half
from epithermal energy region (0.2 eV-1 MeV).
Moving away from the entrance window the
fluence is dropping almost linearly with the distance
and the spectrum becoming milder the epithermal part
is getting higher in comparison with fast energy group.
The estimated neutron dose just behind the
entrance window in a Silicon target: 17.4 Sv, which is
equivalent to 1740 rad.
Gamma photons are produced due to neutron
capture in different materials (mainly in iron). Their
energy is mainly below 1 MeV, but it has a prominent
peak just below 1 MeV.
Figure 30. Estimated neutron spectrum in the port
entrance

Just behind the window in a Silicon target we
estimated a dose from gamma radiation: 16.7 Sv
equivalent to 1670 rad.
Interesting that on the first 15 cm this is getting
even larger when moving away form the entrance
window!
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Shielding calculations did not produce dramatic
attenuation but gave us very important results from
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Figure 31. Gamma energy spectrum just behind the
window exhibits strong 1MeV line

In the case of lead (Pb) shield the estimated
change in neutron radiation is negligible (which is not
a surprise). The gamma dose rate reduces to 7 Gy (just
behind the window) and the corresponding fluence is
reduced by a factor of three. It is also very important
that both fluence and dose fall more rapidly.
Consequently, it is worth to talk about an optimum
distance from the entrance window. It is also worth
also to consider some other kind of shielding materials
(Pb, Bi or other) in the future, to find the best.

We also tried to use polyethylene shielding to reduce fast neutron flux. However, this was
unsuccessful since the fast neutron fluence was reduced by 30% only, the dose due to neutron reduces to 12
Sv/year, although the neutron spectrum is somewhat softer. But this is provided with an unwanted
consequence, which is in principle well known, but everybody tends to forget about that. The neutron capture
by hydrogen produces prompt gammas with energy of 2 MeV. Their amount is not negligible and their
energy is so high that they can produce electron positron pairs with about 500keV, which are extremely
dangerous for both electronic and optical devices. The important message from this calculation, that we
should consider very carefully all materials, which are selected around the camera port and around the
camera itself. For example, we know that in the first half of 2006 there were plans to cool the entrance
window by water (happily these plans have been changed now). We have to warn the designers, that cooling
the window by water containing hydrogen will produce gammas with above 2MeV energy (one more
argument against the cooling). Interesting and disappointing, that the dose from gammas due to hydrogen
contain in surrounding materials increased to: 62.7 Gy!
The lesson learnt here is that selecting other materials we must be very careful. For example we also
wanted to suggest a protection against the neutrons some light element slowing down to thermal region and a
Cd sheet with thickness of 1 mm, (this is a rather common solution for shielding against neutrons). However
Cd produces neutron capture prompt gammas with energy of 4MeV, which is exactly what can damage
optical devices. Since we noticed that hydrogen might affect the neutron flux we also calculated the effect of
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Helium, since it is present as cooling medium in the superconductors. However 10 % (V/V %) of liquid
helium content in the superconductor area did not changed too much all the results
Using these estimated doses we are preparing first irradiation by gamma doses and later by neutron
doses first mock up CMOS cameras in the vertical irradiation channel of the Training reactor of Budapest
University of Technology and Economics (BME). This will prepare a final radiation hardness test carried out
on final video camera for W7X.

LAYOUT DESIGN OF Q-PORT VIDEO SYSTEM FOR WENDELSTEIN-7X
G. Porempovics, V Szabó
BME-MM
Collaboration: IPP-Greifswald
Contact E-mail: poremg@mm.bme.hu
Wendelstein 7X will have a video system placed into its Q ports. KFKI–RMKI is the designer of this
video system. It is very difficult to place a camera into the Q port, because it has variable diameter, two
bends and the port contains a bellows.

Figure 32.

We had three concepts, but considering these possibilities we found that the most reliable version is if
the camera is placed near to the first window. We had discussion with the designers in Greifswald, and
according to these conversations I made a layout design.
The most important points of my idea:

•

•
•

There should be a steel ring welded into the Q port that is capable of
fixing the window of the Q port. The connection between the window
part and this ring must be vacuum tight.
There should be a part inside the part, which contains the window that
is capable of fixing and positioning the camera.
The camera should be as simple as it possible. It should be pushed or
pulled to its position. The case of the camera should be strong enough
to safe the optics and electronics of the camera in case of rough
treatment.
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Camera Car docking mechanism
The task is, to fix a camera in a 2-m-long pipe of 100 mm diameter very rigidly and precisely, with the
ability to be removed and without any complicated mechanisms to ensure that the camera doesn’t get stuck
inside.
The current version uses a cone-like mechanism, like the ones used in manufacturing machines. It is
fixed in place using mechanical control
cables. If one of these cables break, the
camera car can be pulled out easily.
There are other concepts still
available, should new requirements arise.
The optics of the video diagnostic
system has been incorporated into the
docking mechanism to save space. The
cone-like docking mechanism provides us
a very robust and rigid fixation for the
camera car. The material of it will be
determined by the temperatures in the
port, to defend the camera against
excessive heat.

Figure 33. Camera car docked inside the AEQ-port
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JET ACTIVITIES
UPGRADE OF THE LI-BEAM DIAGNOSTICS
S. Zoletnik, B. Mészáros, I. Kiss
KFKI-RMKI
Contact: zoletnik@rmki.kfki.hu
Collaborations: UKAEA, IPP
At the end of 2005 Association HAS became project leader of the JET EP2 Li-beam upgrade project.
Although the diagnostic beam development work described in the Association Physics Program aims for an
application in this project as well the work in 2006 focused on the task which is bound to the JET shutdown:
refurbishment of the observation periscope (see Figure 34.) This is needed because of the poor performance
of the viewing mirror of the periscope, especially poor for P polarised light which made edge current density
measurements impossible. The in-vessel cleaning of the mirror was not successful; therefore the only
solution was the refurbishment of the periscope. This involved replacement of the mirror, design,
manufacturing and installation of a new mirror holder and fibre plate, additionally the replacement of optical
fibres which became brittle and several of them are already broken. In 2006 the design of the periscope head
was carried out in a way to satisfy the special requirements of an in-vessel component. Some electromagnetic
calculations were done in advance to be sure that the periscope head survives even in the worst disruption
case. To be able to meet the
above requirements, special
materials have been applied.
Nevertheless an important design
criterion was identified to assure
the mirror replacement by remote
handling. Although the mirror
can be closed when not needed,
some
contamination
is
unavoidable. During the design
procedure special attention has
been paid to the size and the
rotation angle of the mirror for a
better view of the beam. The
final version combines the
Figure 34. Design of the new Li-beam observation periscope head in JET. The
required rotation and the
green vertical bar represents the Li-beam, the close-up of the periscope head
maximum length of the mirror
design is shown to the right.
with minimum loss of light. By
the end of the year the
manufacturing drawings were created according to the JET Drawing Office requirements and were approved
by all involved JET parties.
Besides the periscope head a new fibre plate was designed. This replacement is necessary since the
number of the fibres to be installed increases by 10 fibres for a better view of the beam. This component is
out of vessel and in a temperature of approximately maximum 200°C, so the material restriction is somewhat
less strict. This fact could allow the use of a special plastic for the fixation of the fibres.
According to the plans all components for the periscope would be manufactured and tested by June
2007 and installed in JET during the 2007 shutdown.
Besides the periscope head design selection of additional components for the diagnostic upgrade
(spectrometer, digital camera) has proceeded as well. The development of the new ion source is described in
Fusion Physics section of this report.
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FAST CAMERA INSTALLATION FOR PELLET, PLASMA-WALL AND FLUCTUATION
STUDIES FOR JET
S. Kálvin, G. Kocsis, G. Petravich
KFKI-RMKI
Collaboration: CIEMAT, IST, JET
Contact E-mail:kocsis@rmki.kfki.hu
The project is a part of a package of diagnostic enhancement which is to be implemented in the
framework of JET EP2 programme. The leading Association is CIEMAT and the work is done in
cooperation with EURATOM-IST and EURATOM-HAS. The Hungarian contribution is to define and
develop a camera system which is appropriate to investigate pellet-plasma interaction with good spatiotemporal resolution.
The procurement of a fast camera (Photron APX-RS) was started in 2006. As the Art.7. procedure
takes a considerable time the same camera type form CIEMAT was moved to JET and installed. The camera
is located near the equatorial plane and its maximum frame rate is 250kHz. The pellet injector is foreseen to
be installed at JET only in 2007 therefore in 2006 a temporary set-up - optimized for ELM investigations was developed and mounted to detect filamentary structures appearing at the plasma edge. With this set-up
the camera was successfully operated in campaigns C18 and C19. The description of the system and the
results of these measurements will be summarized in an EPS conference contribution. The optical set-up
which is appropriate for both ELM and pellet investigations and which has zooming capability will be
developed and mounted in 2007.
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KEEP IN TOUCH ACTIVITIES IN INERTIAL FUSION ENERGY
I.B. Földes, E. Rácz and T. Suta
KFKI-RMKI
Contact E-mail:foldes@rmki.kfki.hu
Upgrading the HILL laser system
The upgrading of the KrF laser system of the
Szeged University was finished by December 2006.
Figure 35. shows the system with the new amplifier.
Whereas the previous system consisted of the twintube
excimer laser solely, the upgraded version has a new
amplifier, too. The three discharge chambers are operated
with the same power supply, which - with an active
synchronization of discharges - provides a good temporal
tuning of the discharges. The innovative steeper highvoltage pulse provided more homogeneous discharges and
corresponding better beam quality. The beam pathways
were changed as well. Instead of the previous 3-pass use of
the amplifier now the same discharge is used as a 2-pass
Figure 35. The upgraded KrF laser system
amplifier. Then the beam is lead through a vacuum-pinhole
spatial filter, and it is amplified in the large aperture 2-pass
amplifier resulting in a rectangular 28×35 mm beam. The spatial filter and the larger angle of the beams in
the amplifier resulted in a further reduction of the ASE prepulse.
The pulse duration was measured to be 610±10 fs with the energy of 60 mJ, i.e. 4 times more than
previously which can be even further increased by the changing of the gas mixture used. Present efforts aim
to lead the beam in tubes, thus reducing fluctuations of the increased aperture beam which arise from the air
(ventilation etc.), as the larger aperture beam is more sensitive to such inhomogeneities.
Joint experiment on the PALS laser system
The experimental series was lead by J. Badziak and T. Pisarczyk of the IFPILM, Warsaw and it was
carried out in the PALS Research Centre in Prague. Macroparticle acceleration was investigated using laserinduced double plasma ablation in the intensity range of 1014–3×1015 W/cm2 of the 250ps, 0.44µm beam of
the PALS laser. In the same intensity range plasma jet generation and the so-obtained high ion-currents in
the direction opposite to the laser beam was investigated. The experimental arrangement is shown in Figure
36. Ion charge collectors were used for time-of-flight ion spectroscopy and a three-frame interferometer
followed the plasma expansion. Plasma radiation was
followed by soft x-ray and hard x-ray filtered diodes. The
contribution of our group was the soft x-ray spectrometer
(SXS) which was a 10000 l/mm SiNx transmission grating
combined with a slit together with a CMOS- and later with
BIOMAX film-detector.
The data acquisition is still in progress, but first
evaluations show that the IFPILM group successfully
demonstrated a collimated plasma jet corresponding to a highcurrent ion jet propagating toward the laser for special target
(Cu) and focusing conditions. The ion energy was as high as
0.1-1 MeV with a current of ji > 1 A/cm2 and ii >100 A at 1 m
from the target. The generation of the jet is attributed to the
strong radiative cooling, therefore the detailed evaluation of
our spectroscopic data will be decisive for the proper
explanation.
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Figure 36. The setup in the PALS experiment

PUBLIC RELATIONS ACTIVITIES
Ö. Benedekfi, S. Zoletnik
KFKI-RMKI
Collaboration: EFDA PR Management
Contact E-mail:benedekfi@rmki.kfki.hu

In 2006 Association HAS executed the following PR activities:
• The “Fusion – an energy option for the future” CD-ROM was translated into Hungarian. A
bilingual version (both English and Hungarian) was manufactured and distributed to
different target groups.
• The following developments were executed related to the website of Euratom Association
HAS (www.magfuzio.hu):
- A new administration system was developed and installed. Members of the Association
can manage the content of the personal section of the website, but the design is centrally
set.
- Hungarian and English contents were developed.
- Intranet webpages were developed.
• Public Affairs activity was carried out to provide information for Hungarian members of
ITRE and ENVI Committees of the European Parliament.
• Euratom Association – HAS executed recruitment activities to provide manpower to
“Fusion for Energy”. HAS participated on the biggest Hungarian job fair providing jobs for
engineers and scientists. Job descriptions were placed onto online job site.
• The following materials were translated into Hungarian:
- EC brochure “ITER-Fusion Energy for the world”
- EC brochure “Fusion Research - An Energy Option for Europe’s Future”
- Latest version of the “Cleaner energy for the future”
- Fusion Expo Book
• Participation and PR activities were carried out during the "Sziget Fesztivál" a yearly oneweek youth festival in Budapest in August of 2006 in collaboration with the Hungarian
Nuclear Society.
• SUMTRAIC, the Czech-Hungarian experimental training course for students was organised
in July, 2006 for the third time.
• A press release was issued related to the creation of the ITER Organisation. Support was
provided to journalists to write articles. Television interview was held with the HRU of
Euratom Association HAS.
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EFDA ART. 5.1.A TASKS
TW6-TTBB-001-D4: ITER TBM INTEGRATION
AND MAINTENANCE SEQUENCE
O. Bede
KFKI-RMKI
Collaboration: FZK
Contact E-mail:otto.bede@rmki.kfki.hu
EURATOM-HAS contributes to design activities in the field of the European Helium Cooled Pebble
Bed Test Blanket Module (HCPB TBM) integration into ITER from September 2005 in collaboration with
EURATOM-FZK and this development process kept going in 2006 in a frame of an EFDA task.
The objective is the following: after the installation (and before the dismounting) of the Port Plug in
which the TBMs are placed that is accomplished according to the ITER standard procedures, the connection
and disconnection of the TBM pipes in the Vacuum Vessel Extension and Port Cell requires a complex
remote handling (RH) system. The study of the HCPB TBM maintenance sequence, and a detailed
assessment of the remote handling system was completed. RH system shall in particular be able to
mount/dismount the connections between the Port Plug (PP) of TBMs and the Ancillary Equipment Unit
(AEU) as well between the AEU and the TCWS Vault. (Figure 37.) These operations require some special
end-of-arm tool.

Figure 37. Remote handling operations around the AEU which is installed in a Port Cell of TBMs. The two modules on
the far right are the two TBMs.

According to the result of the study, the preliminary chosen industrial robot is able to reach all the
operation zones. A feasible robot mover mechanism was designed. It consists several removable support
structure components. The pipe aligning problem was solved by a simultaneous solution. Unlockable aligner
plates were integrated in the two sides of interface between AEU and PP. The orbital welding tool was
adapted to remote handling requirements. An available weld inspection method was suggested. A mountable
thermal insulation handling concept was presented. A study made to find the optimal cutting principle. The
concept of every special tool was worked out and their CAD models were made. The maintenance operations
in sequences with preliminary time assessment were calculated.
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TW6-TRP-011: CHEMICAL METHODS
FOR HYDROGEN PRODUCTION

Robert Schiller, Gabor Nagy
KFKI AEKI - Atomic Energy Research Institute
Collaboration: IPP-Garching
Contact E-mail:schiller@sunserv.kfki.hu
Radiation Chemical and Plasma Chemical Processes
Hydrogen is considered to be the fuel of the future. The simplest way to produce hydrogen is by water
decomposition. The usual, non-electrical method of producing this reaction is either by direct thermal water
splitting or by making use of some catalytic process in a batch or flow reactor. The aim of the present work,
which is part of the DEMO studies, is to investigate two further, little used methods for hydrogen production.
Radiation Chemical Process
Both fission and fusion reactors produce radioactive material, the radiation energy of which is wasted.
By examining the water decomposition yields observed under different conditions we conclude that the
radiolysis of high temperature water vapour in contact with oxide catalysts can produce sizable amounts of
hydrogen.
Plasma Chemical Process
One of the most serious problems with thermal water decomposition lies with the high reaction
temperature which, apart from other associated problems, demands highly corrosion resistant materials.
Plasma chemical splitting removes this obstacle, but a mixture of O2 and H2 is formed and the separation of
these products is quite difficult. Having investigated a number of high temperature processes where product
separation might be easier, we conclude that the thermodynamic conditions of the reaction N2 + H2O = N2O
+ H2 appear attractive, additionally, N2O is easy to separate from H2. More detailed thermodynamic studies
and relating kinetic investigations of this and analogous processes must follow in order to assess the practical
use of plasma chemical methods. Energy carriers other than hydrogen, e.g. methane, methanol, formic acid,
will also be considered, as these can also be synthesised in chemical plasmas by making use of fusion
energy.

TW6-TRP-010: MOLTEN SALT THERMAL ENERGY STORAGE FOR
A PULSED DEMO
Z. Homonnay, Z. Németh, S. Nagy, K. Süvegh, A. Halácsy
ELTE
Collaboration: IPP-Garching
Contact E-mail:homonnay@chem.elte.hu
Search for existing technologies and their potential extensions to serve a DEMO in pulsed mode
On the basis of an extensive literature search it is confirmed that in agreement with a previous EFDA
study on heat storage in general, thermal energy storage (TES) by molten salt technology has been (and is
being) developed mostly by the solar energy field. In these cases (where there are existing industrial
facilities), the temperature region is rather low. High temperature applications are scarce and are in the
laboratory stage only. Thus heat taken off in the blanket module of DEMO may be stored the way it has
been developed for trough power systems (i.e., using the same salt) but at higher temperature (600 oC) a new
approach may be necessary.
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In more recent applications, melting temperatures as high as 550 oC were tried with NaNO3-KNO3
mixtures but this raises several problems, most of all, corrosion. Nitrates as oxidising materials attack even
stainless steel and mostly chromium dissolution is observed. Carbonates can also be aggressive due to
alkalinity but at least they are not oxidants.
We have encountered metal hydrides as possible applicants for heat storage. LiH for example has a
huge latent heat of fusion per mass unit: 2.9 MJ/kg. Its sensible heat (specific heat) is also remarkable: 6300
J/kgK. A study carried out in Oak Ridge in 1989 reported lab experiments on the application of LiH for TES
in encapsulated form due to the flammability of LiH when contacted with air.
We believe that the promise for a highly concentrated energy storage by LiH or LiH containing
eutectics (to reduce the melting point) may overcome the problem of being a dangerous material. This
technology would require handling liquid LiH, liquid Li or other alkali metal and hydrogen at high
temperature, but there are existing technologies in the nuclear industry for such cases (e.g., fast breeder
fission reactors), and the lithium blanket needs similar approach anyway.
Combination of LiH with K opens a new route providing excellent heat conductivity for the system,
and an option for effective separation of hydrogen from the metals. This latter is a major obstacle in the way
of developing thermally regenerative voltaic cells based on the thermal decomposition of LiH. This method
envisaged combines the latent heat of melting of LiH with the latent heat of decomposition of LiH and
therefore provides enormous storage capacity per mass unit. In addition, if hydrogen is separated, the
recovery of heat can be controlled by the hydrogen pumping into Li (Li-LiH melt), all this at a very high
output level.

TW6-TSS-SEA3.5C: SMALL AND MEDIUM SCALE EXPERIMENTS
ON COMBINED HYDROGEN/DUST EXPLOSIONS AND MITIGATION
FOR MODEL DEVELOPMENT
E. Kiss, M. Horváth, G. Hajós, G. Por
College of Dunaújváros,
Collaboration: FZK- Karlsruhe, CEA-Saclay, RMKI-KFKI
Contact E-mail:kisse@mail.duf.hu or por@reak.bme.hu
This investigation is a direct continuation of previous project TW6 SEA 4.5, EFDA contracts 1517,
1518, 1519 (FZK, CEA, VR) Feasibility study of possible prevention of hydrogen hazard and dust explosion
in ITER vacuum vessel by injection of neutral gas. Our first activity was the participation on the closing
meeting of that pervious project in November 2006. The new project was launched under the project number:
TW5-TSS-SEA3.5.C. with title: In-vessel safety: Small and medium scale experiments on combined
hydrogen/dust explosions and mitigation for model development. The kick-off meeting of this new project
took place in January 31, 2007 in Saclay. Our task was defined as: small scale experiments on combined
hydrogen-graphite dust explosions in the open-end combustion tube.
The objectives of this task are:

a) to provide fundamental data for understanding and modeling of
combined hydrogen/dust reactions in ITER accident scenarios
b) to provide experimental data for the design of a possible inert gas
injection system to suppress hydrogen and dust reactions by oxygen
limitation.
To fulfill this objective the following plan has been elaborated.
Scientific survey in order to recommend one (or several) substitute dust material to simulate Be
explosion (taking into account the ITER context and the lessons learnt from the C, W experiments).
Experiments will be carried out in an open end Hartman tube.
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Explosion tests:
1. In cold initial conditions:
•

•
•
•

on single C and/or W dust in order to compare and calibrate the experiments against
the previous FZK ones (in air),
- milestone review before pursuing following tests,
on Be substitute dust (in air and in combined H2/air atmospheres),
on Be dust (in air and in combined H2/air atmospheres), at least in order to validate
the substitute powder,
on mixed dusts (in air and in combined H2/air atmospheres).

2. In hot conditions:
•

Same experiments but for a limited number of cases.

EFDA ART.5.1.B TASKS
TW3-TPR-RPSUP: COORDINATION OF REMOTE PARTICIPATION
P. Giese
KFKI-RMKI
Contact E-mail: giese@rmki.kfki.hu
Contact Jabber ID: kfki_piroska_giese
The EFDA Technology Remote Participation activity provides co-ordination of developments in the
infrastructure for remote participation within the Fusion Associations and EFDA. The activity is organized in
five broad technical topics:

Teleconferencing and Telecommunication: The objectives include further improvements of
teleconferencing facilities and tools in the European fusion laboratories that are compatible with the
tools used by external industrial partners, ITER and the other ITER parties.
Remote Experiment Participation: Remote experiment participation of some form appears to be in
use at a number of experiments. The objectives include a common definition of a remote control
room and further improvements of remote experimentation.
Networking and Security Issues: The objectives include a definition of the minimum network
requirements for the successful use of Remote Participation tools, as well as the further
development of the collaboration on common security issues between the European fusion research
sites.
Remote facilities including Remote Data and Remote Computer Access: The objectives include
further promotion of the use of a common data platform at the European fusion research facilities
and further investigations of authentication and authorisation systems.
Documentation and User Facilities: The principal objectives are to ensure the production and
accessibility of appropriate documentation, as well as to promote the use of Remote Participation
tools.
The activity is implemented within the Physics Integration Field of the EFDA Technology Work
programme (Field Co-ordinator: D Campbell, Responsible Officer: K Thomsen).
To provide overall Co-ordination of the activities, two article 5.1 b contracts on "Support to EFDA
Remote Participation" have been awarded to HAS and CEA. These commenced in 2006 and have a duration
of 18 months and is carried out in close collaboration with Remote Participation Technical Contact Persons
in the Fusion Associations and EFDA-JET.
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The RP activities are guided by two Co-ordinators, Piroska Giese, HAS/KFKI-RMKI and Stephane
Balme, CEA- Cadarache. HAS is responsible, in particular, for co-ordination of Teleconferencing and Telecommunication and CEA is responsible, in particular, for co-ordination of Remote Experiment Participation.
In collaboration with NIIF/HUNGARNET a password protected video on demand archive
(http://vod.niif.hu) has been set up for the events organized in the scope of the Support for EFDA Remote
Participation Task of the EFDA Technology Workprogram 2006 and physics seminars on request of the
organizers as well.
In the field of the Remote Collaboration Coordination activity the most important events organized by
Euratom HAS/KFKI-RMKI were:

•
•

•

Workshop on Remote Participation Technologies held on 20/21 June 2006 in
Riga hosted by the Institute of Solid State Physics at the University of Latvia.
EFDA Meeting on, “PAPI and Shibboleth” held on 28/29 November 2006 at
JET on the initiative of Jesús Vega, Asociación EURATOM/CIEMAT as a
result of the discussions during the RP Workshop, Riga
VC-TIER (Topic of Interest for EFDA Remote Participation) meetings, a
regular videoconference meetings at 2 monthly intervals organized together with
IPP Garhing The meetings are recorded and set up into the video on demand
archive

The Workshop documents are online on the JET Users pages at http://users.jet.efda.org in the section
Training > RPC Workshop Riga, June 2006 - for Remote Participation Contact Personnel.
The produced Reports and RPTC documents are accessible on the EFDA RP Wiki page
(https://132.168.209.7/xwiki/bin/view/RP/) and those that have JETnet accounts on the UKAEA’s JET
computer system. The documents can be found on the shared J drive at “J:\RP\Shared\RPTC_documents”

TW6-TRI-FUSWEB: PRODUCTION OF A FUSION/ITER EDUCATIONAL WEBSITE
FOR SECONDARY SCHOOL STUDENTS
Ö. Benedekfi
KFKI-RMKI
Collaboration: EFDA PR Management
Contact E-mail:benedekfi@rmki.kfki.hu
The aim of the project is to create a website which provides relevant, interesting, easy-to-understand
and up-to-date information on fusion and ITER in a modern form, aimed at secondary school students in the
European Union. The due date of the contract is April 2007
Subject to this contract are the following aspects of this project:

1.
2.
3.
4.
5.
6.

Collecting available fusion PI multimedia materials (pictures, videos, animations).
Developing the structure (menu) of the website
Creating the website surface
Implementation of multimedia applications and texts
Inserting the applications and finishing the website
producing the website in English, French and German

Status:
A proposal for the content, in the form of a short report was sent to EFDA and was approved by the
EFDA Public Information Officer. On the basis of this proposal a detailed documentation were created
which includes:
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- The structure of the website
- Requirements for the design
- Screenplays of the animations
- Texts of the animations
Online multimedia companies were invited for a tender. 2 companies were chosen to create
reference animations. After evaluation of the works, the company will be named and the
implementation will be launched.

TW3-TPDS-DIASUP: PERFORMANCE ASSESSMENT
OF THE COMBINATION OF RADIAL AND VERTICAL
NEUTRON CAMERAS
S. Kálvin, B. Kardon
KFKI-RMKI
Contact E-mail:kalvin@rmki.kfki.hu
It is foreseen that ITER will have two neutron cameras: one radial array from an equatorial port and
one vertical array. Because of integration difficulties for the vertical camera, various options are being
investigated, and even the justification for the vertical camera is being questioned. Both the radial and
vertical neutron cameras will use a number of neutron detectors and compact spectrometers, which still need
to be developed further, optimized, and tested for performance.
The aim of this task is to assess, by tomography simulations, the measurement performance of the
combination of radial and vertical neutron cameras for various line-of-sight distributions and various plasma
conditions.
For this purposes the following work has been done in 2006:
Construction of appropriate phantoms, based on the standard ITER scenarios that is the neutron
emissivity is calculated from the expected temperature and density profile.
In order to obtain valuable results for the performance assessment, the test measurement signal has to
be as realistic as possible. For the optimization of the system the best choice is if the test signals are
calculated analytically from the neutron emissivity considering the physical processes that take place in the
collimator system and in the detectors. In the calculation of the measurement signal the contribution of the
neutron reaching the detector without scattering and the neutron scattered in the ITER vessel component and
in the collimator are taken into account. In the construction of the signal the result of MCMP calculation
supplied by the RF party was taken into account.
For reconstruction of the neutron emissivity profile the series-expansion constrained optimization
tomography method was optimized for the ITER neutron camera system.
The prior information which used for compensating the insufficient number of lines of sight was the
anisotropic smoothness on flux surfaces. The tomographic method was modified in order to take into account
the effect of the scattered neutrons. The information given by tomography had to be objective and
quantitative. Representation of quantitative and objective information is difficult for 2D distributions,
therefore 1D derived quantities which can be interpreted and their error can be estimated were used in the
performance assessment.
For the characterization of the 2D distributions (phantom and reconstructed) the following quantities
are proposed to be used in the assessment of the performance of the reconstruction:

•
•
•
•

flux averaged emissivity as a function of the equivalent radius,
total neutron production rate,
peaking of the profile,
Fourier modes along the straight field line poloidal angle as a function of the equivalent
radius.
An example of the result of the tomographic reconstruction can be seen in Figure 38.
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Due to the insufficient neutron shielding the contribution of the scattered neutron to the measurement
is high for the vertical neutron camera. This makes it difficult to directly determine the emissivity of the
14.1MeV neutrons, that is the fusion rate. It was concluded that usage of the adequate tomographic method
enable us to determine the neutron emissivity of the plasma with reasonable accuracy.

Figure 38. An example of the of the tomographic reconstruction of the expected ITER neutron emissivity profile.
Left-upper: LOS of the ITER neutron cameras, Right-upper the phantom and the reconstructed emissivity distributions,
Left lower: the measurement and the back-calculated signals, Right-lower: flux averaged emissivity of the phantom and
the reconstructed distributions.

For quantitative characterization of the tomographic
reconstruction the Bayesian statistical analysis was used. With this
method the accuracy of the determination of 1D derived quantities
can be calculated. An example can be seen in Figure 39., where the
error of the determination of the position of an expected crescent like
perturbation can be seen as the function of the position of this
perturbation. From the analysis one can conclude that the
determination of the perturbation is sufficient if it is located close to
the center but it is poor close to the edge where the coverage of the
plasma by the detector line of sight is worse.

Figure 39. Result of the Bayesian statistical analysis: the expected value of the position of the
perturbation(red line) and its standard deviation(the blue lines are the mean value +/- std. deviation)
as a function of the position of a crescent like perturbation of the phantom determined from the
tomographic reconstructed emissivity distribution.
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TW3-TPDS-DIASUP: PERFORMANCE ANALYSIS,
OPTIMIZATION OF DETECTOR LOCATIONS
AND LINES OF SIGHT OF THE ITER SOFT X-RAY DIAGNOSTIC
S. Kálvin, B. Kardon
KFKI-RMKI
Contact E-mail:kalvin@rmki.kfki.hu
The ITER soft x-ray (SXR) diagnostic is in a rudimentary stage of design. On present-day plasma
devices it is a very important diagnostic that is useful for MHD and sawtooth analysis, and can also be used
for transport analysis and plasma-position control. Due to the unavailability of SXR detectors suitable for the
ITER environment, in the past the development and integration of the diagnostic have not been taken
forward. A new type of detector, the vacuum photoelectron detector (VPD) was developed recently.
In the past, only SXR cameras outside the equatorial port plug were foreseen for ITER, which would view
the plasma with one fan of lines of sight. With the newly developed radiation hard detectors, it may be
possible to place a large number of compact cameras on the inside wall behind the blanket and within the
port plugs, thus providing the option of much improved plasma coverage. The aim of this task is to assess the
potential benefit and optimum distribution of such additional lines of sight for the SXR diagnostic for
physics analysis through tomographic reconstructions.
For this purpose the following work has been done in 2006:
Construction of appropriate phantoms, based on the standard ITER scenarios, that is the SXR
emissivity is calculated from the expected temperature and density profile.
The SXR emissivity profile was calculated by taking into account the Bremsstrahlung only. At the
present stage of the investigations the impurity radiations, the radiation from the recombination processes
and the variation of the effective charge are neglected. At the next step these processes are intended to be
considered as well.
In the calculation of the signal of the detector the spectral sensitivity of the detector and the spectral
distribution of the plasma radiation were also taken into account.
For reconstruction of the SXR emissivity profile the series-expansion constrained optimization
tomography method was used. The prior information which used for compensating the insufficient number
of lines of sight was the anisotropic smoothness on flux surfaces.
It was found that the spectral sensitivity of the detector is a crucial point in the efficiency of the SXR
system. It determines the region from which useful information can be given from the SXR measurement.
The spectral sensitivity of the detector can be set with different thickness Beryllium foil in front of the
detector. In Figure 40. the expected sensitivity of the SXR detector using different Berylliums filters can be
seen.
The proposed line of sight arrangement (Figure 41.) give adequate coverage for all parts of the main
plasma, therefore can be used for different purposes, such as measurement of MHD activity, impurity
transport etc. An example of the result of the tomographic reconstruction can be seen in Figure 42.

Figure 40. The expected sensitivity of the SXR detector using different Berylliums filters
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Figure 41. The proposed line of sight
arrangement of the SXR system

Figure 42. An example of the of the tomographic
reconstruction of the expected SXR emissivity profile, the
flux averaged emissivity of the phantom and the
reconstructed distributions using 1000µm Beryllium foil
filter.
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TW6-TPDS-DIADES: PARTICIPATION IN EUROPEAN DIAGNOSTICS FOR ITER
In May 2006 EFDA published a Call for Expression of Interest to start preparatory work for the 6
European ITER diagnostic Procurement Packages (PP). The aim of the work in 2006-2007 is to assess
necessary resources, develop project management plans and conduct R&D work on critical components. The
establishment of a Hungarian fusion engineering group in 2005 and previous work in ITER diagnostic design
was a good starting point for a Hungarian participation. After lively discussions with potential lead
Associations of various diagnostic projects Association-HAS made an offer to participate in four diagnostic
packages. EFDA accepted these proposals with minimal changes and therefore the Association will
contribute to the work with the following:

•

•

•

•

PP21 Bolometers and Pressure Gauges: Tomography assessment of bolometer
array, conceptual engineering design and thermal simulation of divertor bolometer
cameras. (Contact person: G. Grunda, grunda@rmki.kfki.hu)
PP11 Radial Neutron Camera and Equatorial Visible/Ir Wide-Angle Viewing
System: Conceptual engineering design, neutral streaming calculation and thermal
analysis of front mirror and concept of camera system. (Contact person: J. Sárközi,
janos.sarkozi@rmki.kfki.hu)
PP12 Core-Plasma Lidar Thomson Scattering: Conceptual engineering
designand thermal analysis of optical labyrinth and the mirror mountings:
(Contact person: B. Mészáros, botond.meszaros@rmki.kfki.hu)
PP2 Core-Plasma Charge-Exchange Recombination Spectroscopy: Conceptual
engineering design and thermal analysis of the retractable tube concept of the front
mirror. (Contact person: T. Baross, baross@rmki.kfki.hu)

The contract has been signed by the end of 2006 and the actual work begins in 2007.

TW6-TRP-004-D1B: DEMO DIVERTOR MAINTENANCE
D. Nagy
KFKI-RMKI
Collaboration: CEA Fontenay-Aux-Roses
Contact E-mail:Daniel.Nagy@rmki.kfki.hu
This task has been started quite recently, in late 2006 as an EFDA sponsored and initiated cooperation
between Association/HAS and CEA Fontenay-Aux-Roses, a French institute with widespread experience in
nuclear and other areas of robotics.
The divertor and its handling in DEMO are foreseen to be based on the ITER concept. In ITER the
divertor is segmented into 50-60 cassettes, which are supported by an inboard and outboard toroidal rail. For
removal and installation 3-4 divertor ports must be opened. For removing an element, a divertor cassette is
first slid sideways in front of the divertor port, and then extracted from the VV into the cask. When installing
new elements, the same procedure must be carried out in the opposite direction. For this operation two basic
devices are utilized: a radial machine moving the elements between the cask and the VV in radial direction,
and a toroidal machine transporting the elements in toroidal direction between port and their place of
insertion.
The work until now has focused on studying the different ITER divertor handling concepts and
determining which of them would be suitable in DEMO conditions. Studies have been conducted examining
the possibilities of parallel divertor and blanket replacement, too. The results show that these possibilities are
limited and the divertor and blanket most likely will have to be replaced largely sequentially. Work in the
near future in this field will focus on establishing boundary conditions for a DEMO divertor handling
scenario and creating the conceptual design of the machines involved
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FUSION TRAINING SCHEME
Z. Szucs
ATOMKI
Collaboration: FZK- Karlsruhe
Contact E-mail:zszucs@atomki.hu
Status report of the Euratom Training Course: "Preparing the ITER Fuel Cycle"
The Fuel Cycle itself is crucial for ITER as it is the component with the highest safety relevance. The
overall success of ITER will critically depend on the sound operation of this system. Beyond ITER, the Fuel
Cycle technology will gain even more importance, because in the subsequent fusion reactor (“DEMO” in the
nomenclature of the international fusion community), internal tritium generation and tritium self-sufficiency
will be a main feature. Therefore, it is essential that Europe keeps control of the further development by
staying at the forefront of it. The project will secure the basis of expert staff required for controlling the
whole Fuel Cycle system during installation and operation. At the same time, it will increase the number of
institutions active in this field with the help of the intended scientific exchange.
The training by work involvement will be complemented by courses, seminars, lectures etc. on
specific subjects related to the work, on fusion physics and technology in general and on complementary
skills required for the future career development of the trainees. The project will secure the basis of
experienced staff needed by the partners in order to jointly secure the leading European position in the Fuel
Cycle area. The results of the training activities will be there early enough to provide for an overlap between
the newly trained researchers and engineers and the experts who will leave to join the central teams (ITER,
EU Joint Undertaking for ITER).
In the course of the information and knowledge exchange to be implemented in the network, those
partners that so far have not been directly involved in the Fuel Cycle research (ATOMKI) or had a specific,
sector-focused involvement (CEA, ENEA, ICIT) will enter the field or move closer to the core of the
activities and will be able to strengthen and broaden their involvement.
The network will train 5 early-stage researchers for 3 years each. The Hungarian trainee will be
involved in the optimization work for the Analytical Systems of the ITER Fuel Cycle. To this end, he/she
will participate, at FZK, in the analytical measurements along with TLK operation and will become familiar
with the current analytical techniques at TLK (quadrupole and ion cyclotron resonance mass spectrometry,
gas-chromatography, micro-gas chromatography, Fourier-transform infrared spectrometry, liquid
scintillation counting, Laser-Raman spectrometry, calorimetry, ionization chambers, etc.). He/she will also
participate in the specific calibration procedures of the methods which so require, (omegatron mass
spectrometer, quadrupole mass spectrometer, Fourier transform spectrometer) and in the inter-calibration
work between the different methods (i.e. cross–checking the accuracy between gas-chromatography and
mass spectrometry for certified sample gas compositions). As main theoretical issue, the change in the
composition of the tritium-containing mixture due to radiation-induced reactions will be followed,
particularly for the ITER fuel cycle.
In the second year, the trainee will continue at ATOMKI, where he/she will investigate the technique
of the collection of samples originating from the environment with different physical and chemical forms.
He/she will participate in the preparation process of the collected samples for the measurement and will
become familiar with the cryogenic systems, as well as with the high vacuum and gas handling due to these
processes. Some additional analytical techniques such as the elemental analysis and the noble gas mass
spectrometry, which are unique in the MTA ATOMKI, will be available for him/her.
In the last year of the training period it is expected that the trainee will have a level of understanding
and expertise that he/she will be involved directly in the elaboration of the Piping & Instrumentation
Diagrams (P&ID) for the ITER Analytical System and will participate in the analyses of the P&ID for
other systems from the point of view of the needs for analytics. Furthermore, he/she will be able to cooperate
with industrial suppliers of measuring equipment to adapt such systems (e.g. µ-gas chromatography, IR and
Raman test cells) to the requirements of tritium compatibility, as the off-the-shelf products cannot be used
under these conditions.

44

The contract was signed by all parties (EURATOM, FZK, CEA, ENEA, ATOMKI, ICIT) in August
2006. The official starting date of the project was 1st of September 2006. The recruitment was carried out in
the Hungarian universities (Debrecen, Szeged, Eotvos, TUB, Veszprem) by the teaching staffs. The
information of the job was also disseminated by the internet (www.atomki.hu/job) and in the Hungarian
newspaper (HVG, 17, 2006). Six applications and interests were collected up to now (end of April, 2007),
but none of them matched or accepted the criteria of the Training Project.
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FUSION RELATED ACTIVITIES
WITHOUT EURATOM SUPPORT
In 2005 a consortium of three institutes (KFKI RMKI, KFKI AEKI and BME) won grant support from
the National Office for Science and Technology (NKTH) for developing fusion and fission technologies.
Three other institutions (ATOMKI , VEIKI and the University of Debrecen) joined the consortium as
subcontractors in the field of fusion. Several of the topics are within fusion technology therefore they are not
part of the fusion physics program and can receive EURATOM support only an EFDA task is acquired. This
happened to the TBM integration activities (EFDA task: TW6-TTBB-001-D4) and to the DEMO
maintenance project (EFDA task: TW6-TRP-004-D1b) which are reported in the sections above. Remaining
fusion technology tasks are performed purely from the NKTH grant and they are reported in this section.

DEMO BLANKET MAINTENANCE
D. Nagy
KFKI-RMKI
Collaboration: FZK-Karlsruhe
Contact E-mail: Daniel.Nagy@rmki.kfki.hu
The contribution of Association/HAS in DEMO blanket maintenance started in September 2004 in
cooperation with Forschungszentrum Karlsruhe.
In 2004 and 2005, two possible blanket segmentation and corresponding maintenance schemes were
worked out: one is an ITER-like concept with about 350 rectangular-shaped blanket elements exchanged
through the equatorial ports with the help of four manipulators, which operate on a rail. It is built up to form
a full circle along the major radius. According to the other concept the blanket is segmented to 50-60 so
called large MMS, which are exchanged through 2-4 upper vertical ports. For this, a divertor rail based
machine would be used to transport the MMS in toroidal direction to the vertical ports, where a winch would
lift it up vertically into the cask.
In the course of 2006 it became clear that the MMS concept is better suited to DEMO conditions.
Therefore more in-depth work became necessary to see crucial points of this concept. Association/HAS
focused on three areas of this work:

•

•

Maintenance logistics and time estimation: first an MMS replacement
sequence was established, considering two, completely independently handled
ports. Then a corresponding flexible time estimation scheme was worked out,
which takes into account the numerous parallelisms in the system: the operations
are structured in multiple levels, and at the lowest level around 20 basic
maintenance steps have been identified, and each of them assigned a duration. In
the course of the complete maintenance the steps are repeated as many as 80
times. The time estimation in this way became very flexible, by modifying the
individual step durations the overall maintenance time can easily be
recalculated. The preliminary estimations show promising maintenance times.
In the course of the maintenance time calculations it became clear, that – with
the assumed maintenance step durations – one of the most serious bottlenecks of
the system is the out-of-vessel maintenance, and in particular the
docking/undocking of the casks from the ports takes considerable time and must
be repeated many times. For this reason studies have been carried out into the
use of some kind of corridor between hot cell and tokamak and the preliminary
results are satisfactory, promising to drastically reduce maintenance time
(Figure 43.). The drawback of the corridor concept comes from the huge size of
corridor elements.
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Attachment between MMS
and shield is a crucial part of
the MMS concept, because
there are many restraining
factors to observe and they
come from the very heavy
elements (~100 tons), the
very high EM forces, the
need for high precision, the
very limited available space
for manipulation and the
completely
remote
Figure 43. DEMO Out-of-vessel handling with
operations. In the past year
cask and corridor options
many
aspects
of
the
problems and constraining
factors were investigated, load calculations were performed based on
gravitational and disruption EM forces and finally many attachment options
were looked at. Currently a concept involving shear keys is deemed to be
promising and it is being investigated in detail.
•

HELIUM BEHAVIOR AND DISPLACEMENT DAMAGE ASSESSMENT IN BERYLLIUM USING
MANY-BODY MOLECULAR DYNAMICS SIMULATIONS
A. Fenyvesi, I. Valastyán
ATOMKI
Collaboration: IRS, FZK, Karlsruhe
Contact E-mail: fenyvesi@atomki.hu
Study of the applicability of electron density dependent many body potentials in molecular dynamics
simulations for displacement damage in Beryllium
Elaboration of a new framework of simulations with molecular dynamics (MD) methods is in
progress. The tight binding (TB) method based Finnis-Sinclair type empirical potential published by
Igarashi, Khanta and Vitek (IKV) and a modified embedded atom method (MEAM) based electron density
dependent many body potential developed by W. Hu et al. are considered for describing interactions of
beryllium atoms. Following the ideas of Cayphas et al. a Born-Mayer potential has been chosen to treat the
embedding of He atoms in Be-matrix.
The general analytic form of the IKV potential has been implemented both into the DL_POLY 2.17
and 3.07 MD codes. A search has been started to find an improved parameter set of the IKV potential for Be.
For simulating the properties of large systems with a few millions of atoms the DL_POLY 3.07 code has
been installed on the CampusGrid system of FZK in Karlsruhe. For smaller systems with a few thousands of
atoms the simulations can be performed by DL_POLY 2.17 on the PC Linux cluster in the ATOMKI,
Debrecen.
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COMPUTER CODE FOR MOLECULAR DYNAMICS SIMULATIONS
I. Lévay, G.J. Páli, K. Tőkési
ATOMKI
Collaboration: FZK-IRS-Karlsruhe
Contact E-mail:tokesi@atomki.hu
Molecular Dynamics (MD) simulation is a widely
used technique for modeling complicated physical
phenomena. In materials science, the trajectories of a
number of interacting atoms (from 102 to 105 atoms) over a
given time interval are calculated numerically. The
technique allows us to model the complex dynamical
behavior of materials, provided that the relevant spatial
and temporal correlations can be contained within the
finite size and time span of the simulation. During the last
few years, experimental and theoretical research activities
have turned to the fusion research again. One of the
interesting classes of these investigations is the study of
material damage, surface modification, and plasma-wall
interactions. Our special interest is to simulate the He
and/or Be atom motion in Be crystal. MD simulations have
been quite successful in performing such calculations.
Figure 44. 3D visualization of the Be crystal
Therefore we are developing a MD simulations code in
object oriented programming language for PC computers.
We mimic the motion of the guest atoms in the crystal (diffusion-type motion), and at the same time, the
motion of atoms in the crystal-lattice (crystal deformation). As an example, Figure. 44. shows the Be crystallattice generated by our recently developed MD code. The movie of the 3D motion can be seen at
http://www.magfuzio.hu/Files/01/Annual_Report_2006/simfastm3.avi. We have a few options to select the
interaction potential among the particles. In the present version of our MD code the classical nonrelativistic
equations of motions for a many-body system are solved numerically. The 3D potential distribution inside
the crystal can be scanned as function of time.
Embedded atom method potential
Simulations in atomic scale are playing important role in material sciences. The goodness of the
simulations strongly depends on the quality of the applied interatomic potential. Therefore the development
of the accurate potentials for a various materials has a considerable interest for a long time. Although the
embedded atom method (EAM) is semi-empirical approach, due to its accuracy and capability for describing
low density defects, it has been used in large variety of the studies. In our studies we applied the EAM
potential constructed by Voter. The potential parameters were modified for the case of Be. The pair
interaction in this case was described by a Morse function. The stability of the Be crystal during the free time
evolution was tested.
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DETAILED LAYOUT AND STRUCTURAL DESIGN OF HELOKA VACUUM VESSEL
G. Porempovics
BME-MM
Collaboration: FZK-Karlsruhe
Contact E-mail:poremg@mm.bme.hu
Our team designs a vacuum vessel for the HELOKA facility,
FZK-Karlsruhe. The TBM will be tested in this vacuum vessel and
it will be heated by graphite surface heather. This vessel will be
placed to the top level of the HELOKA facility.
The vessel should be as light as it possible, but should carry
the loads of TBM weight, vacuum and in case of He leakage it
must hold 5 bar without leaking. The vessel must be safe in case of
Beryllium covered TBM is tested.

Figure 45. HELOKA Test Vacuum Vessel

At the beginning, different concepts were made for the
layout design of the vessel. It was considered how to load TBM
into the vessel, how to fix TBM and its support structure inside the
vessel.

The calculations of the main parts of the vessel were made according to EN13445-3 European
standard. The detailed mechanical design of the vessel was finished and structural analyses done.

THERMAL PHENOMENA INVESTIGATION, SIMULATION AND DESIGN OF RELATED
SYSTEMS IN THE HELOKA PROJECT
V. Szabó
BMGE-MM
Collaboration: FZK - Karlsruhe
Contact E-mail:vszabo@mm.bme.hu
Thermal radiation analyses of the HELOKA vacuum vessel
These analyses investigate the cooling necessities and temperatures we have to work with in the
HELOKA vacuum vessel. They consist of FEM and manual thermal calculations.
The analyses were constantly developed. Current version features a convection-type boundary
condition to simulate the heat drain of helium through the TBM first wall, cooling channels layout,
temperature dependent materials, passive reflectors made of TZM, a Molybdenum alloy capable of
withstanding 2000 °C, heat generation in heater, cooled heater edges and more.

Figure 46. Geometry inside the vessel and heater temperature distribution
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The simulation had many valuable results:

•
•
•
•

We have results concerning the goodness of the heater,
We know much about the required thermal shield design,
Geometry has been significantly enhanced to provide more even heat
flux distribution,
Cooling necessities of the vessel and thermal shields have been
determined and verified.

The analyses will go on as parts of the test facility are advancing in development to ensure HELOKA
test facility works according to specifications.

DEVELOPMENT OF UP-TO-DATE NEUTRON CROSS-SECTION
DATA LIBRARY FOR ACTIVATION AND TRANSMUTATION ANALYSES OF FUSION AND
MEDIUM ENERGY APPLICATIONS.
S. Sudar
Institute of Experimental Physics, University of Debrecen
Collaboration: FZK
Contact E-mail:sudarsa@delfin.unideb.hu
A completely new version of the neutron activation data library IEAF-2001 is currently being
developed in collaboration between Forschungszentrum Karlsuhe, Germany, University of Debrecen,
Hungary and the Obninsk State Technical University, Russia. This library will contain neutron induced
activation and transmutation cross sections for nuclides with Z=1-84. The neutron energy range will extend
from thermal energy up to 150 MeV, the cross sections are evaluated on the basis of nuclear model
calculations.
The new library is based manly on GNASH results. Nevertheless we try to get advantages from the
usage for some reaction channels already available evaluations. We consider EAF-2005 activation data
library as the most advanced one to be considered for inclusion in the newly developed library. The EAF2005 library evaluated data demonstrate high quality especially below 20 MeV. For those reaction channels
that we accept for new library the adjustment with GNASH results is made usually at 20 MeV or in some
cases (where EAF-2005 are very reliable) at 60 MeV.
Since the evaluation covers incident neutron energies up to 150 MeV we accounted for in the
calculations as many as possible reaction paths. The number of residual nuclides considered was limited by a
maximum atomic number difference of ∆Z=8 and a maximum atomic mass difference of ∆A=20 with
respect to the target nucleus.
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ANALYTICAL CHEMISTRY OF TRITIUM IN TLK
Z. Szűcs
ATOMKI
Collaboration: FZK
Contact E-mail: zszucs@namafia.atomki.hu
Gas chromatograph: one of the main tools in analysis of the tritium samples origin
from the fuel cycle of the ITER
ATOMKI recognized the new perspective of fusion research and joined a consortium for fusion
technology development as subcontractor in 2005. This report describes the work done in 2006 in
collaboration between ATOMKI and the Tritium Laboratory Karlsruhe (FZK-TLK) in the field of the
analysis of the tritium gas samples.
Tritium is one of the fuel materials for the fusion reactor. As a radioactive gas it needs special
attention for its handling and analysis. In the TLK, a gas-chromatographic technology has been developed
for checking Tritium gas samples, originating from different parts of the Tritium Plant. This method is
already 14 years old and the staff changed 2 years ago, therefore it was necessary to check the system and to
carry out some important maintenance. These are summarized in the following 4 points

1) The continuous increase of the retention time of the Porapack Q column created the
question: Either the resin phase of the column is damaged or the resin works properly and
any other effect (leak on the pipe system or in the valves or in pressure regulators, changing
of the inlet and outlet pressure and the changing of the ratio of the flow rates) occurs. The
comparison of the old and the new theoretical plates (TP) of the column can answer this
question. The determination of the theoretical plates (TP) was done by a few
chromatograms, which were only store. The calculation was made by the following
equation:
TP = 16(Rt/w)2
where Rt is the retention time of the separated gas species and the “w” is equal with the
latitude of the peak measured in the inflection point to baseline. The result can be seen in
Table 1.
Date
20.01.2006.
21.02.2006.
21.03.2006.
11.04.2006.
17.03.1997

Rt(CO2)
8,47
8,49
8,80
9,08
5,25

Rt(O2)
2,47
2,40
2,54
2,48

TP(CO2)
2534
1858
1010
1925
1764

TP(O2)
2087
1764
1284
2187

T(oC)
40
40
40
40
40

Table 1. Comparison of the old and newly determined TP values

From the comparison it is clear that the TP did not change significantly through the last 10
years. It means that the Porapack column is still good working condition.
2) The requirement of the separation between the H2 and N2 (>1,5 *(0,5w1 + 0,5w2)) can be
fulfilled more easily using the lower temperature (-30 oC recommended by the original user
manuals). In +40 oC (this is the routine working temperature now) there is a risk to cut some
hydrogen sample to the minor contaminating gas analysis or to cut some nitrogen to the Q2
sample, destroying the separation on the subsequent Alox column. Therefore the
temperature of the separation was optimised by the separation factor and was suggested to
use as 5 oC.
3) The new regulation of the flow rate of the carrier and make up gases were necessary during
the optimization of the separation of the temperature. This procedure discovered several
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major and minor defects in the GC and they were fixed: He leaks in the injectors, H leak in
the He-detector, broken needle valves and changing of the old gas purifier.
4) After the maintenance of the GC the
system was recalibrated with the new
reference gases in three different
concentration regions. The systematic
investigation discovered the fact that
the O2 reference gas in the ppm
concentration
range
practically
“disappears” due to an oxidation or
absorption effect on the iron surface of the
gas bottle within a month. Therefore the

reference gas mixtures are useable to
calibrate the GC only for the N2, CO,
CH4 and CO2. The calibration for the
Figure 47.
N2 needs more attention because of the
additional small amount of the N2,
which is also loaded from the N2 air of the box in to the column due to the very small leak of
the sample injector. Practice showed that the determination of this “added N2” is easier by
the mathematical calculation and it is easy to omit it from the measured N2 than fixing this
small leak in the injector. Figure 47. explains the calibration data for the N2, where the
intersection point of the trend line on the “y” axis line determinates the value of the “added
N2”. If the concentration of the contaminating N2 gas in the tritium gas sample is expected
less than 50 ppm, it is necessary to calculate this “added N2” for the exact measurement.
The work in 2006 with the GC of the TLK showed that this type of the GC is able to analyse the
tritium gas samples but it is also necessary to pay more attention to the maintenance in the future even to
develop a new design of the GC, which can warrant easier maintenance and reparation of the GC.

HELIUM FLOW AND THERMAL CALCULATIONS IN THE FIRST WALL OF THE HCPB
TBM
B. Kiss, A. Aszódi
BME NTI
Collaboration: FZK-Karlsruhe
Contact E-mail:kiss@reak.bme.hu
The special situation in the first wall (FW) is that the dominant heat flow is coming from one side
only. The coolant inside the cooling channels is Helium. In addition, there are 90o bends in the first wall
channel, initiating a developing flow in that section of the channel which is heated by the plasma. This
complex situation needs detailed numerical simulation and extraction of heat transfer coefficients. These
coefficients will be applied in a second code which investigates the thermo-mechanical behaviour of the
TBM. The predictions will be tested in a second step with data of a test mock-up named HETRA, where the
flow will be investigated in an experiment.
A first wall channel of EU HCPB TBM consists of three parallel U-channels which are connected by
two 180o bends (Figure 48.). The roughness of the cooling channel surface is 20 µm.
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Figure 48. Fluid volume for a first wall coolant channel

As inlet parameters the temperature of 573 K, pressure of 80 bar and mass flow rate of 9,33 ⋅ 10 −2
kg/s are prescribed. Heat flux is specified on two different wall surfaces: the plasma side of the wall is
exposed either to an excess load of 500 kW/m2, or to a nominal load of 270 kW/m2. The inner surface has an
additional load of 60 kW/m2.
The results show that the surface roughness has major affect to the heat transfer coefficient (Figure
49.).

Figure 49. Heat transfer coefficient along the plasma facing section of the cooling channel

The HETRA experiment is planned to investigate the heat transfer coefficient in a typical first wall
section. It turned out from the preliminary calculations that it is sufficient to investigate single U-channel in
the experiment.
The model consists of several components (FW, copper, graphite, ceramic heaters). Ceramic heaters
will be attached to the plasma facing surface of the cooling channel, which substitute the nominal heat flux
coming from the plasma (270 kW/m2).

Figure 50. Components of HETRA
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The hydraulic diameter of the channel is small, so there is no possibility to measure directly the heat
flux. The temperature can be measured in the steel with thermocouples and these measured values can be
compared against the results of CFD calculations. The temperature measurement in the coolant is
problematic, because steep gradients are occurred in the fluid.
The HETRA experimental device will be built in FZK Karlsruhe in 2007.

HELIUM FLOW CALCULATIONS
ND
IN THE 2 LEVEL MANIFOLD OF THE TBM
G. Légrádi, A. Aszódi
BME NTI
Collaboration: FZK-Karlsruhe
Contact E-mail:legradi@reak.bme.hu
The Helium-cooled Pebble Bed Test Blanket Module (HCPB TBM) is under development in
Forschungszentrum Karlsruhe (FZK). The TBM design work is supported by a wide range of numerical
studies and experimental investigations. Ina new collaboration with FZK BME NTI will contribute to these.
GRICAMAN experiments are foreseen for investigation of conditions of the flow distribution within
the coolant system of the TBM. The peculiarity of the coolant flow in TBM is the very complicated
geometry of the flow domain consisting of large coolant collectors that are filled with numerous flow
obstacles and connected with long narrow channels with numerous fluid turns. In relation to this, an
experimental facility is designed at the Institute for Reactor Safety (IRS) in the FZK where mass flow
distribution among the different and within the individual components is going to be investigated for two
different designs of TBM coolant system: TBM Ref.1.1 and TBM Alt.1.0.

Figure 51. Arrangement of TBM Alt.1.0

This research work will be performed in the area of numerical investigations of the flow in the 2nd
level of the coolant system’s manifold within the TBM Alt.1.0. Through preliminary numerical
investigations it will support the design of the GRICAMAN experimental facility to meet the requirements
on the experiments to investigate the recent updates of the TBM design in the frame of the Alt.1.0 concept.
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FINANCIAL INFORMATION
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296 903
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TOTAL

1 534 434
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