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I) GENERAL INFORMATION

Center for Advance Research in Fusion Reactor
Engineering (CARFRE) was established at Seoul National
University (SNU) in 2008 with the support of Ministry of
Education, Science and Technology (MEST). We pursue
advance development of key technologies for the design
and continuous operation of fusion power reactors, which
would serve as an ultimate means to resolve the mankind's
energy problem in a sustainable way. During the course of
such a development, highly qualified research personnel
will be cultivated and active international collaboration
need to be accompanying. These activities aim at
strengthening Korea's international competitiveness in
fusion technology and eventually contributing to an earlier
realization of fusion energy by advance acquisition of the
core technologies.
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Fig. 1 Three research groups for CARFRE

The research center is divided into 3 main groups in the
fields of fusion reactor engineering as shown in Fig 1. In

the first research group, basic technologies for fusion
reactor core control and system integration are studied with
three sub research topics as following; development of an
integrated system analysis tool for fusion reactors,
establishment of simulation package for core plasma
transports and instabilities, and investigation on alpha
particle transport phenomena in burning plasmas. In the
second research group, plasma wall interactions in
Tokamak boundary plasmas is studied by both theoretical
and experimental approaches as following; investigation of
plasma property for an analysis of the edge plasma,
development of the Monte-Carlo code for boundary
plasmas contacting with plasma facing components,
technical development of analyzing micro/macro structures
of various fusion reactor materials, production of tungsten
coated facing material by plasma spray method, and
performance of heat and energetic particle loading test and
analysis of morphological defects. In the third research
group, study of advancing technologies in fusion energy
conversion system are conducted with detail subjects as
following; development of radiation transport analysis
code for blanket design, development of first principle
based simulation code for radiation damage analysis,
thermal hydraulics experiments on helium and supercritical
fluid heat transfer properties, establishment of design code
for the analysis of power conversion system, and hydrogen
permeation experiments for tritium processing and safety
analysis. In addition to above research topics on the fusion
reactor engineering, industrial applications of fusion and
plasma technologies are also conducted in our research
center in order to extend the utilization of the fusion
technology in various areas beyond electricity production.




Three research groups are described in detail in the
following sections.

INBRIEF INTRODUCTON TO RESEARCH ACTIVITIES
1. Fusion reactor system integration and plasma
control

Final goals of the project group 1 are to build an
integrated analysis tool for the entire fusion plant to draw
and assess various realizable designs of fusion power
systems and to develop integrated plasma control
technologies needed for sustained operation. A fusion
device called as VEST (Versatile Experimental Spherical

Torus) is under construction for fundamental fusion studies.

Engineering design and specification of the VEST are
presented in Fig. 2 and Table 1, respectively. Together with
VEST facility construction, a reactor system code has been
developed and upgraded for the analysis of a fusion reactor
concept based on high performance Spherical Tokamak
(ST), more specifically a ST power plant utilizing fast
developing high-temperature superconductor technology.
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Fig. 2 Sectional view for structural drawing of VEST

Table 1. Specification of Chamber and plasma for VEST

Initial Phase Future

Chamber Radius [m] 0.6: Sb?)érhgiCoSvheinc]:bh(zmbers
Chamber Height [m] 2.4

Toroidal B Field [T] 0.1 0.3
Major Radius [m] 0.4 0.4
Minor Radius [m] 0.25 0.3
Aspect Ratio 1.6 1.3
Plasma Current [KA] 30 100

In order to establish integrated control technique for the
plasmas to sustain fusion reactions in a continuous, stable,
and optimized way, plasma profile controls as well as
neoclassical tearing mode (NTM) control will be pursued.
A strong suppression of magnetic island caused by NTM is
shown in Fig. 3 as an example of the plasma instability
control. In order to maintain the self-ignited state in a
fusion power plant, good understanding of the behavior of
high temperature alpha particles created during the nuclear
fusion process is imperative as well as an integrated
controller. To understand the physics of energetic alpha
particles, collisional transport effect and linear/nonlinear
wave interaction with plasma particles are numerically
studied.
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2. Core basic technology for the boundary plasma
The objective of the project group 2 is to acquire the
fundamental data for plasma facing components (PFC)
through an interaction of the wall materials facing high
temperature plasmas in a fusion reactor. In order to
calculate heat flux from the core to the facial elements of a
fusion reactor, it is necessary to understand the
characteristics of the boundary plasmas in the



scrape-off-layer (SOL). Therefore, the plasma properties of
the boundary layer are simulated using a two-dimensional
fluid code as shown Fig. 4. Furthermore, calculations of
Monte-Carlo collisions for neutrals and impurities are
added to improve accuracy of the code for boundary
plasmas.
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Fig.4 Plasma density profile in SOL region
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Fig. 5. Coated tungsten layer on STS substrate by
atmosphere plasma spray method
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Fig. 6. Heat load test on tungsten coated substrate by
thermal plasma jet

Development, test, and analysis of PFC materials are
important to maintain stable fusion reactions to be satisfied
with a long pulse or steady state sustainment in the fusion
reactor. Since high heat conductivity and high resistance
against highly irradiated heat and particles from the core
plasma are essential requirements for the PFC materials,

tungsten coated materials shown in Fig. 5 are produced by
an atmosphere plasma spray method. Heat load tests on
various PFC materials are carried out by a high power
thermal plasma jet as shown in Fig. 6 to investigated PFC
material property deformation in fusion reactor
environment. In order to simulate high energy ion
irradiation on PFC, the ECR plasma source with a pulsed
bias system is used. Microstructure and macrostructure
changes of PFC materials under heat and particle
irradiations are analyzed with various techniques such as
XRD, Raman, XPS, IR, Titrator, AES, and TEM/SEM
method to deduct the correlation between processing
parameter, structural change, and material property.

3. Advance technology research on fusion energy
conversion systems

In order to establish a primary code system needed for
the design analysis of fusion blanket and energy
conversion systems and for the acquirement of basic
experimental data, the project group 3 develops essential
code module and relevant methods needed for high-fidelity
simulation of various physical phenomena occurring in
fusion blankets. In order to analyze radiation damages,
radiation resistant microstructure has been predicted
through defect analysis of two elements single and
multi-crystalline alloys, as shown in Fig. 7. Performance
improvement with the CAD based geometry processing
module is realized for the nuclear characteristics analysis.
Prototype FEM based transport code for arbitrary geometry
application is developed and its performance comparison is
carried out with other transport codes for standard
benchmark problems.
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Fig. 7. Irradiation damage simulation on pure Fe and
Fe-10%Cr substrate

Experimental work and computational analysis on
blanket cooling and high-efficiency power conversion are
performed with pressurized helium heat transfer test
facility, supercritical carbon dioxide test facility, and fluid
flow simulation in turbo machinery to improve electric
output power quality. Neutron capture reactions by Li in
the blanket of a fusion reactor are major sources of tritium
production for fusion energy. Since produced tritium is
immediately resupplied to fusion reactions or transported
to the storage for later use, analysis of tritium permeation
is one of the key issues for the economy and safety



evaluation of fusion reactor materials. Therefore,
experiment for tritium permeation analysis is conducted
with the hydrogen permeation system as shown in Fig. 8,
because tritium, an isotope of hydrogen with similar
chemical properties, has radioactive properties and cannot
be handled easily. Based on the current hydrogen
permeation experiment, tritium permeation databases for
safety evaluation in the tritium production and handling
systems are expected to be built as a future work.

0 } = P
Fig. 8. Hydrogen permeation measurement system
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