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S.1 Brief Survey of previous 
studies 



ICF chamber and liquid metal jet array,  
by M.J. Monsler, W.R. Meier, UCRL—87532 1982. 

Concept of internal 
liquid wall already 
proposed at 1970s. 

Many ideas were 
proposed, thin flow, 
thick flow, jet array, 
migration through 
porous wall, etc. 

Many ideas were not 
based on the detailed 
calculation. 

Brief Survey of Previous Studies 
Internal liquid first wall 
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From 1990s, feasibility of 
ICF liquid first wall were  
analyzed by using 
“code” simulation. 

Main concerns were, 
naturally, the energy 
deposition by X-ray, α-
particles and debris.   

Brief Survey of Previous Studies 
Internal liquid first wall 
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Code calculation of the energy deposition by 
Furukawa et al., Fus. Eng. Des. 73, 2005. 
The wall material was Pb. 



Also for “magnetic fusion 
core”, application of 
liquid first wall for the 
blanket and diverter 
was performed by code 
simulation.  

Main concerns were 
mechanical structures, 
heat transfer and 
breeding.   

Brief Survey of Previous Studies 
Internal liquid first wall 

Diagram of first wall for magnetic fusion core, by R.E. Nygren 
et al., Fus. Eng. Des. 72, 2004. The wall material was Flinabe, 
a mixture of lithium, beryllium and sodium fluorides. 



Many analysis were concentrated on the heat 
transfer and temperature rise of the liquid film, 
also breeding capability was another 
discussion point. 

Instability of the flowing liquid film (fluctuation of 
the film thickness) was not the main discuss 
point, though it is the fundamental of the 
energy density and temperature rise, etc. 

Brief Survey of Previous Studies 
Internal liquid first wall 
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S.2 Instability Analysis with 
a cylindrical flow 



Hydraulic people prefer unstable 
phenomenon, enormous studies 
reported for the free-fall liquid 
film, annular liquid jet with 
ambient gas effects.  

A few studies were reported on the 
stability of rotating flow with a 
cylindrical surface in 1960s, 
without gas effects. 

Previous Studies 
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Annular jet instability by M. Meyer et 
al., J. Fluid Mech. (1987) vol. 179. 

Free-fall liquid film instability  
By E.A. Ibrahim et al., Acta 

Mechanica 131, 153-67 (1998) 

For fusion liquid first wall, the gas 
effects for the instability of a 
cylindrical surface flow is of 
much interest, but so far not 
reported (as far as my survey). 



Governing Equations (Navier-Stokes Eq. ) 

Analytical method  ; temporal instability 
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minus;  internal flow 
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Kinematic boundary conditions 

Dynamic boundary condition 
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Laplace’s differential pressure 
equation 

Free-fall analysis method is retrofitted 
for the cylindrical flow. 

Instability analysis model 



For the simplicity of the analysis,  
non-linear terms are neglected,   

1st order approximation,  
 
Thickness of the film is same everywhere, 

velocity is always same V0. 

Assumption 

11 

Instability analysis model 

Viscosity and gravity effects are neglected,  
only surface tension was considered, by 
result of non-dimensional comparison  

 
Azimuthal ( θ ) temporal instability is 

examined. 



Instability analysis model 

Wave form 

Stable condition 
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Internal Stable condition;  If discriminant B > 0 
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Weber number 
σ;  surface tension 

3
2 0

We
nB n Q − − < 

 


External;  Always discriminant is minus ; unstable 

n; ≥ 2 integer  

Resemble with the free-fall stability 
condition, as 1st order approximation 



Discussion - 1 
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Internal Stable condition 
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Gas / liquid 

σ ; surface tension 
H0 ; thickness 

External cylindrical flow is always 
unstable 

 
Internal flow stable condition 
 Gas density is scarce 
 Liquid density is high 
 Surface tension strong 
 Thin film, low velocity 

Example; Internal flow calculation 
 Ambient gas; Ar, 1×105 [Pa], Liquid; Pb17Li 
 Temperature 400 ºC, H0=1 [mm] U0=5 [m/s] 
 n/We= 8.3×10-3  Q2= 7.4×10-5 

 B=n/We - Q2 > 0  →   Stable 

n; ≥ 2 integer 



Availability of Liquid 
first wall 

Discussion - 2 

Diagram of first wall for magnetic fusion core, by R.E. Nygren et al., 
Fus. Eng. Des. 72, 2004. The wall material was Flinabe, a mixture of 
lithium, beryllium and sodium fluorides. 

Outboard blanket and ICF 
chamber is stable, if it 
fulfills the condition.    

Inboard blanket is less 
stable, if it is free-fall. 

Diverter; convex portion 
(close to the exit) is 
unstable, depends on the 
design.     
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S.3 Experimental plan and 
setup 



Why the liquid first wall can not be the 
leading best concept of the first wall ?? 
Even though it has many advantages. 

Objective of the experimental 
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(personal opinion) 
Not many experimental verifications were 
performed to prove the feasibility. 
Reason; High energy bombardment test to the 
liquid first wall, is not easy, compared with the 
dry wall.  



Verify the behavior of liquid 
metal film (ex. LiPb), under 
high energy bombardment. 
Shock wave behavior, 
Spallation, ablation by shock 
temperature, etc.   

Ultimate object of experimental 
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Code calculation of the energy deposition 
by Furukawa et al., Fus. Eng. Des. 73, 2005. 
The wall material was Pb. 

Image of high energy 
bombardment experiment 



1st step of the experimental 
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Verify the temporal 
instability 

Liquid film slit 

free-fall liquid 
metal film Pb17Li 
 
Problem; heavy gas 

Cylindrical inner 
surface (next) 

view of the 
experimental setup 

Liquid PbLi  



Dynamic instability and 
behavior 
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Up; Picture of the high energy 
beam device at Kyoto. Univ. IAE, 
( under recovery work now) 
 
Left; Image of the experimental 
plan 

Free-fall liquid 
film experimental 
setup 

Beam 
bombardment 
chamber 

High energy beam on the free 
fall liquid film, though not 
enough, available max. energy 
30 kV 3A/Φ12 cm= 0.8 kW/ cm2. 



What can be the appropriate high energy 
source for the experiment ? 
 
Scaling method is available ? 

Discussions 
 
Not equivalent energy source for the behavior 
of ICF radiation on the liquid film. 
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How to measure the phenomenon on the 
liquid film in very short period ?  
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Thank you for your attention 
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