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S.1 Brief Survey of previous
studies



Brief Survey of Previous Studies
Internal liquid first wall

Concept of internal

— Graphite
liquid wall already N o
proposed at 1970s. N -

Central cavity —_ " 7! __;;u_i;_ "

Many ideas were Veouum vessel ~.__ PR | - Noze pse
proposed, thin flow, — ew@iiss g%
thick flow, jet array, . \\j —ﬂ;-j-f“?;f?&':itf
migration through '“ﬁ\/w T
porous wall, etc. T NG,

Many ideas were not oot 1 i e WLIFE i s sy of sl oS o s et vt ) ong Blancet.

based on the detailed

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



Brief Survey of Previous Studies
Internal liquid first wall
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o ere : Energy deposition by
From 1990s, feasibility of ) Y-ty ond pardciae

ICF liquid first wall were
analyzed by using
“code” simulation.
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Critical energy
for evaporation
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radius =4 m

Main concerns were,
naturally, the energy

Energy Density [J/cm?]

radius =8 m

deposition by X-ray, a-
particles and debris.

Depth [um]

Code calculation of the energy deposition by

Furukawa et al., Fus. Eng. Des. 73, 2005.
The wall material was Pb.



Brief Survey of Previous Studies
Internal liquid first wall

R.E. Nygren et al. / Fusion Engineering and Design 72 (2004) 181-221
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Also for “magnetic fusion
core”, application of Cassatis
liquid first wall for the
blanket and diverter
was performed by code
simulation.

646 5100 k/s

5100 kg/s
312

Outboard Blanket

Support Structure
Inboard Blanket
Support Structure

Main concerns were
mechanical structures,
heat transfer and
breeding.

20600 kgis 422

Fig. 6. Diagram of Flinabe streams and temperatures.

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.



Brief Survey of Previous Studies
Internal liquid first wall

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.



S.2 Instability Analysis with
a cylindrical flow



Previous Studies .

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

. Free-fall liquid film instability
A few studies were reported on the By E.A. Ibrahim et al., Acta

stability of rotating flow with a Mechanica 131, 153-67 (1998)
cylindrical surface in 1960s,
without gas effects.

o

For fusion liquid first wall, the gas
effects for the instability of a
cylindrical surface flow is of
much Interest, but so far not Annular jet instability by M. Meyer et

reported (as far as my survey). al., J. Fluid Mech. (1987) vol. 179.

Fioure 1. Schematic description of an unstable perturbation in an annular jet.



Analytical method ; temporal instability

Free-fall analysis method is retrofitted

for the cylindrical flow.

Governing Equations (Navier-Stokes Eq. )

OV,
Qi (L+Vi -Vvij=—Vpi
orT

Kinematic boundary conditions
J __8h V, ah @
"o re0 e

Dynamic boundary condition
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Instability analysis model
(v-ni)

We

=[nen. 12 =p2-p1
Laplace’s differential pressure
equation

minus; internal flow
Plus; external flow



Assumption

For the simplicity of the analysis,
non-linear terms are neglected, B o W A
1%t order approximation, o TN, P>

Internal cylindrical

flow
Liquid o,

Thickness of the film is same everywhere,
velocity is always same V,,.

\'-\ Ambient gas

\
6 \"\ p 2

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

Instability analysis model

Azimuthal ( 6 ) temporal instability is

examined.
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Stable condition

Wave form h:hOel (n(9+a)t)

Internal Stable condition; If discriminantB >0

Ambient gas |
n2 n \""5 |
B=n?|1—(1+n 1—— | |0 n°| —=— >0 \
( ( QZ)( Wej] (We sz |
Resemble with the free-fall stability
condition, as 1%t order approximation Instability analysis model

External; Always discriminant is minus ; unstable

Weber number
o; surface tension

2
B[] n3(—WLe—Q2j<O we - Ao Ho
O

_ Pgas  Density ratio
. Q, = .
n; 2 2 integer piq  Gas/liquid
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Discussion - 1
Internal Stable condition

External cylindri ' N
ylindrical flow is always B[] ns(__Q2j>o
unstable e

n; = 2 integer
Internal flow stable condition

p as . .
Gas density is scarce Q,=—= DensV;y ra‘ZIIO
Liquid density is high Pliq Gas / liqui
Surface tension strong ,anUozHo |
Thin film, low velocity We = _ o ; surface tension

_ H,; thickness
Example; Internal flow calculation

Ambient gas; Ar, 1 X 10~ [Pa], Liquid; Pb17Li
Temperature 400 °C, Hy,=1 [mm] U,=5 [m/s]
n/We=8.3X103 Q,=7.4%X10°
B=n/We-Q,>0 - Stable
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Availability of Liquid
first wall

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

Inboard Bianket
Qutboard Blanket

Support Sgructure
Support Structure

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

‘ Divertor Q

‘1@

Diverter; convex portion E
(close to the exit) is
unstable, depends on the

d es | g n. Fig. 6. Diagram of Flinabe streams and temy

=

3500 ka/s

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.



S.3 Experimental plan and
setup



Objective of the experimental

Why the liquid first wall can not be the
leading best concept of the first wall ?7?
Even though it has many advantages.

(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.



Ultimate object of experimental

Verify the behavior of liquid

= e LI B metal film (ex. LiPb), under
i e _ high energy bombardment.
ol xra ] Shock wave behavior,
E Spallation, ablation by shock
= 10° -
> temperature, etc.
Q 10% charged particles _
10° 1= alpha particles N
10° H | | 1 | | H
0.0 0.5 1.0 1.5 2.0 2.5 3.0
(b) Time [us] >
—a
Geg _ 6
. _ T 'U--.m—:--@
Code calculation of the energy deposition -®
by Furukawa et al., Fus. Eng. Des. 73, 2005.
The wall material was Pb.
Image of high energy
17

bombardment experiment



15t step of the experimental /' Liquid PbLi

= |
iy 7 .
Verify the temporal ¢ E/a Cylindrical inner
instability < surface (next)
free-fall liquid ! Hlws =1 5[
metal film Pb17Li : e b
e | i
X : X i -
Problem; heavy gas | =% =1 M| . | N
RNy !t s? o |
. | : d iY==
i d -
ey i - “

Liquid film slit “M/

view of the
experimental setup




Dynamic instability and

behavior

High energy beam on the free
fall liguid film, though not

enough, available max. energy
30 kV 3A/®12 cm= 0.8 kW/ cm2.|

Beam Free-fall liquid
bombardment | | fjlm experimental
chamber setup
l\ T
N\ /
Soam

Test chamber 47"

PR
é \

O
|

Up; Picture of the high energy
beam device at Kyoto. Univ. IAE,
( under recovery work now)

Left; Image of the experimental
plan
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Discussions

Not equivalent energy source for the behavior
of ICF radiation on the liquid film.

What can be the appropriate high energy
source for the experiment ?

Scaling method is available ?

How to measure the phenomenon on the
liquid film in very short period ?



Thank you for your attention
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