
  
Our research group has proposed the three-surface- 

multi-layered channel to reduce MHD pressure drop1) in 
Li/V (liquid lithium/vanadium alloy channel) blanket 
system. The MHD pressure drop can be reduced to be 
acceptable value by using an inner thin metal layer with a 
thickness of <0.02 mm. However, the thickness is too small 
to insure its structural integrity. To solve this problem, we 
proposed a new design of the channel,2) in which the inner 
metal layer is partially reinforced by attaching reinforcing 
structure as shown in Fig. 1. The purpose of this 
collaborative study is designing the three-surface-multi-
layered channel with reinforced inner metal layer achieving 
low MHD pressure drop, high mechanical strength and high 
heat transfer performance. In this year, we numerically 
evaluated flexural rigidity of a reinforced inner metal layer 
and MHD pressure drop with the metal layer. The results are 
also compared to those in the case of an unreinforced inner 
metal layer. 

Fig. 2 shows geometry of a reinforced layer proposed 
in this study. We assumed that the thickness of original inner 
metal layer before the reinforcement is 0.02 mm and that is 
made of the vanadium alloy (V-4Cr-4Ti). We set reinforcing 
structure made of the vanadium alloy only on Hartmann 
wall because the pressure drop changes a little even if a side 
wall is reinforced completely. First, this study evaluates 
flexural rigidity of the reinforce layer as functions of w, h, , 
then also evaluates pressure drop at a magnetic field of 1.0 T 
and an average velocity of 0.10 m/s depending on w, h, . 
Governing equations are the equilibrium equation (eq.(1)) 
for structural analysis to evaluate the flexural rigidity, and 
Navier-Stokes equation of steady laminar flow (eq.(2)) and 
charge conservation (eq.(2)) for MHD analysis, 
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where , , U, , p, J, and B are stress tensor, fluid density, 
velocity, viscosity, pressure, current density and magnetic field, 
respectively. We used commercial FEM software, COMSOL 
Multiphysics 4.4 for the analyses. 

We successfully fabricated a three-surface-multi-
layered channel by using the inner metal layer with a 
thickness of 0.10 mm in a previous study.3) This fact 
indicates that we can fabricate the channel if a reinforced 
inner layer have the same level of stiffness property. At 
conditions of w = 10.0 mm, h = 0.08 mm, = 0 degree, 
which corresponds to inner metal layer with a thickness of 
0.10 mm, the flexural rigidity and the pressure drop are 
estimated to be 125 times and 2.38 times larger than those in 

the case of inner metal layer with a thickness of 0.02 mm. 
Fig. 3 shows flexural rigidity for rotations about the axes of 
x and z as a function of at the conditions of w = 2.0 mm, h 
= 0.14 mm, where the  is normalized by that of the layer 
with a thickness of 0.02 mm. There is a cross point where 
anisotropy disappears at the about  = 34 degree. In this 
point, the flexural rigidity and the pressure drop are 
respectively 128 times and 1.16 times larger than those in 
the case of the inner metal layer with a thickness of 0.02 
mm. Therefore, we can secure the intensity of the inner 
metal layer sufficiently and reduce the pressure drop by 
50% from the case of the layer with a thickness of 0.10 mm. 

As a next step, we plan to fabricate the reinforced 
inner metal layer, then, demonstrate the the three-surface-
multi-layered channel with the reinforced layer by flow 
experiments. 
 

 
Fig. 1. Reinforcement of inner thin metal layer in the 
three-surface-multi-layered channel 
 

 
Fig. 2. Geometry of inner metal layer structure for the 

numerical analysis 
 

 
Fig. 3. Result of numerical analysis about flexural rigidity of 
inner metal layer 
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Atomic and molecular processes play an important 
role in fusion plasmas. Considerable number of 
experimental and theoretical cross sections for atomic and 
molecular collisions have been reported, since the cross-
section data concerning atomic and molecular processes are 
important in the understanding of the fundamental physics 
of atomic and molecular collisions, which provides the 
fundamental knowledge in many fields such as electron and 
ion driven processes in the Earth and planetary phenomena, 
radiation chemistry, gaseous discharges, weak and strong 
plasmas, and so on. The cross section data for collision 
processes including the elements, which consists the plasma 
facing materials, are crucial demands to model the transport 
of eroded atoms and molecules. Due to its importance, 
theses cross-section data are also compiled in the atomic and 
molecular databases around the world, and can be accessed 
online. The Japanese National Institute of Fusion Science, 
NIFS, provides one of the most relevant online databases on 
atomic and molecular cross sections in numerical data and 
bibliographic information. The database AMDIS for 
electron collisions and CHART for heavy particle collisions, 
respectively, were constructed over decades ago, and have 
been continuously updated from time to time. There also are 
databases for electron collisions and heavy particle 
collisions with molecules, so called AMOL and CMOL 
respectively. Data compilation and evaluation of these 
databases at NIFS have been continuously proceeding up to 
now.

     The present working group continuously supports the 
update of the atomic and molecular databases of NIFS by 
comprehensive data compilation of atomic and molecular 
cross sections. The collaborations of updates and extension 
for these NIFS atomic and molecular database had been 
continuously proceeding by selecting topics, such as atomic 
process with high Z elements, which were relevant for the 
LHD peripheral plasma. The collaboration also worked for 
the comprehensive data mining and compilation of atomic 
and molecular cross sections for the atomic and molecular 
processes including hydrogen isotopes and small 
hydrocarbons, since it was found that atomic and molecular 

data for electron impact and heavy particle impact cross 
section data on hydrogen isotopes and hydrocarbons are the 
urgent issue, during the previous collaboration for the 
collection and compilation of atomic and molecular data for 
high Z elements.

     In the present collaboration from 2012, a 
comprehensive data mining and compilation of atomic and 
molecular cross sections for light elements of the 2 nd 
period such as Li, Be, B, C, N, O, F and Ne have been 
attempted. Electron impact cross section data and heavy 
particle impact cross section data for small atoms and 
molecules such as hydrogen, hydrogen isotopes, nitrogen, 
oxygen, hydrocarbons, Water and Carbon Oxide have been 
continuously surveyed in our previous collaboration and 
stored into the database, up to year of 2000.1) The 
experimental as well as theoretical data for various 
processes by electron impact and heavy particle impact on 
these atoms and molecules reported recently were the target 
of the present data survey. Optical data such as 
photoabsorption cross sections for light elements of the 2 nd 
period were also surveyed in the present collaboration. In 
order to carry out a complete survey for the existing 
literature, resources of NIFS library have becoming 
important in now days. 
.
     In addition to the survey for the cross section data in 
the literature, we also have conducted a measurements on 
electron - atom and molecule collision cross sections in the 
energy region from 20 eV down to very low energies with 
very high energy resolution2,3,4) in the present project. Our 
results resolved a number of issues in the literature and 
assessed various published theoretical results. We also have 
validated the theoretical electron impact cross sections of 
He which have been known as "standard" cross sections, to 
which a majority of experimental cross sections for atoms 
and molecules reported in the literature were normalized. 
Total cross section data for electron scattering from He, Ne, 
Ar Kr, and Xe will be presented in the NIFS-DATA.5)
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