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Introduction of KOYO-F

o Stability of cascade flow

 Protection of beam ports by a magnetic field

 Experimental simulation of ablation process by
alpha particles using punch-out dot target
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\/ KOYO-F is acommercial or very “close to” 87
% commercial power plant. @

ILE, Osaka

System specification

Thermal out put 3664 MW
Electric power 1280 MW
System efficiency 33 %
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Laser

Cooled Yb:YAG Ceramic
1.2MJ/16Hz
(1.1MJ+100kJ)

Efficiency 13.1% for Main
5.4% for heating
11.8% in total

Plasma

Gain 160

Fusion Yield 200MJ

Reactor

4 modular reactors

First wall Liquid LiPb
Cascade flow
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i KOYO-F with 32 beams for compression and one i
¥ heating beam @

Parameter of KOYO-F

Number of 32

beams (compression)
1 (heating)

Inner size of 3 min radius

chamber 12 m in height

Thermal load 1.8 MJ/m?
on the first wall

no stagnation point of
ablated vapor




After activity of Reactor Design Committee, IF&

elemental, collaborative researches are %
continued to increase the reliability of <
KOYO-F.

ILE, Osaka

e Ablation and formation of aerosols

— Ablation process of liquid flow from first wall and RT
Instabilities

— Aerosols from planar source;

— Simulation:;

o Stability of cascade flow;
* Protection of beam port;
 Injection and tracking;

e Tritium recovery;,
 Chamber Activation;
o Swelling;
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Introduction of KOYO-F

o Stability of cascade flow
— (Collaborative work with Dr Kunugi of Kyoto University)

 Protection of beam ports by a magnetic field

 Experimental simulation of ablation process by
alpha particles using punch-out dot target
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1) The height of cascade is 30 cm that comes from free fall distance in 0.25 sec
(4Hz).
2) There is avoid at the top of each step to obtain a stable flow.

Hot surface flow

Void

30cm
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Design base of mockup @
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Water was used instead of liquid LiPb for visibility.

The mockup was designed to obtain the same
Weber number.

Reynolds number:  Re=Y¢
| %4
2
Weber number: We = PU0
O

Welin,  Ouaer Puiry

- Hoeter _q 99

uLin

2
Wewater _ GLin pwater (uwater] :1

uLin
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e The height of the front panel is the same as 1y
E\\\E\ffé actual reactor but the width is ¥ of KOYO-F @

E Cm | i ILE, Osaka
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Flow loop of mockup

Test Section

+— [ Fow vane
Meter
Valve
. e— Flow X
Meter
Valve
PX
Valve ‘ 8 I/min
X

/AN

Tank @
Tank —l
I/=\\‘
| —

\N4 .
Electric Drain
Balance

N/ .
Drain



A continuous flow was obtained if the EEF
thickness is > 3mm. @

2nd 3rd steps

1st and 2"d steps

3'd step

- - The flow rate was 1.5 time

larger than KOYO-F
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e A continuous stable flow was formed if the thickness
of flow was > 3mm.

« Remaining issue: demonstration of free edge
« A slit would be the solution (Proposed by Kozaki)

Tk

\

No support on this edge
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Introduction of KOYO-F
Stability of cascade flow

Protection of beam ports by a magnetic field

— (Collaborative work with Dr. Nakashima and Kajimura of
Kyushu University)

Experimental simulation of ablation process by
alpha particles using punch-out dot target
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After laser snot, tne 1o of pearn pori wo
rmernorane of lguld LiPo due

LIPD ouUi sorne protection scrierne Is rigces
operation.
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Three dimensierRalfyBrdicede was used.

lons were treated as particles and electrons were treated

as a fluid.

~N

(Equation of motion of ions

m % =Z¢e(E+V. xB), % =V,
dt dt

Hydrodynamic equation of electrons

=—en,(E+v,xB)-VP,

dv,
ne me
dt

Faraday’s law

a—B:—VxE

ot
Ampere’s law
VXBp :MO(‘Je +‘]i)

J,=—-enyv,, J.=env,

\_

*The electric field in plasma
was calculated from motion
of electrons and that In
neutral region was calculated
from Laplace equation.



1.2:m

No=2.5 x 1018 /m3
V=1.4 x 106 m/s




Magnetic f%educe the
alphaload onthetip ot veam port.
Ther.mal load by alpha"(%)

0 20 40 60 80 100

100% = 0.35 MJ/m?

e No influence on side
wall of beam port

e Thermal load around
the beam port was
iIncreased to 150 % but

this is acceptable.

Coil radiusr =13 cm
B=09T
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OptimizatieRieiFthRercolli radius

® r=12cm
B r=12.5cm

X r=13.5cm

1* 10 [%]

0.7 0.8 0.9
Magnetic field at the center (T)

1

E—LK—b
I Y

“SwaqdIi

i
|
|

Cold radius, r

A magnetic field of
0.9 T is necessary

to reduce the thermal
load below 0.1 I,



Thermal load by alpha (%) «—— ¢Thermal load around the beam
/ f port was increased to 150 % but
0 20 40 GO & 100 this is acceptable.

100% = 0.35 MJ/m?

Thermal load on the inner
wall of the beam port was
increased to 0.15 I,

a4 )L#EFEr =13 cm
a4 )LHRIDEIEEEB =09 T



To reducertherleadren corner

Thermal load by alpha (%) Thermal load by alpha (%)
= B B N
0 20 40 60 80 100 : 0 20 40 60 80 100

100% = 0.35 MJ/m?

100% = 0.35 MJ/m?

Original design With corner cut L =6 cm

r=13cm, B=0.7T
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; The magnetic field at the
Length of corner cut (cm) center was reduced to
0.7T with corner cut.

Thermal load (% of 0.35 MJ/m?2)
[
o

The dependence of corner cut on the
thermal load at B=0.7 T.



Summary of this section

» We successfully reduced the thermal load on the

beam port to acceptable level using a 0.7 T magnetic
field.

e Remaining ISsue;
— Thermal load of 0.04 MJ/m?
e SiC would be the solution
— How to make the 0.7 T field

 Pulse operation, 50kA, 100 us, 4Hz
» Cooling of coil, the conductor would be liquid LiPb
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Introduce Design of KOYO-F
Stability of cascade flow
Protection of beam ports by a magnetic field

Experimental simulation of ablation process by
alpha particles using punch-out dot target

26



Ablation depth and profiles of ablated 7HF
plume obtained by simulation <
10° ot €Mporal profile 107 o Spatialprofile o5,
N 10° ritium _38 > TE107 E Time = 1677 ns <7000
<\IE , alpha 1°T &£ F —_6000—-,:I
o 10 5 1 2 5\1021 E ] X
S ragg 162 @ = Number Density 45000 @
5;10 peak \_\_\— o S| - da000 =
210 ] & 0O E Velocity >
L Ablati 4 =5 = [ _' )
'S 5w o0
c0F 2;3 c 42000 3
. _ u S 118 ] Py
103-5 R=3m = >10 :_;10003
100 v e vl o/ T R
0 200 400 600 800 1000 SR 2 4 6 g
Time (ns) — ‘ x (mm)
Liquid > Vacuum

Pressure : few kbars at Bragg peak
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=~ Laser irradiation simulates for a-particles FEF
i
&\\J_/[/}. heating from backside of metal layer <
=
Heating
dE/dx
Alpha
particles
Laser —
B4 +—>
N 8—10 um
Glass plate S — Coated lead or tin
7~10um
< 2 (Lithium was ignored
\ because of light weight)
y .
) exp-tla-:]il:lent e
Laser - Energy density 5 MJ/m? 0.35 MJ/m?
Pulse width 15 ns 50 ns
\ ;
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H Experimental setup. Laser-scattering EEF
ﬁ\\iféﬁ measurement was used to observe @
i flying situation of metal

Line 2X104torr
focus A
.:go::: §
_— E;f Scattered
_— LY lights
CCD camera
-
Target
(glass plate with
Cylindrical coated tin or lead)

Dot target lens Nd:YAG laser

Diameter:$500 um )

(smaller than laser spot size) Intensity: 0.5 -1 GW/cm?

Spot size : 700 - 800 um ¢
Pulse duration : 15 ns

Laser

Glass plate 29
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Dot target propelled toward without
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g}\,_i{g large divergence angle @
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Dot tin 9um 0 256 ;"’r‘;%fit()ﬂyi”g
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2us 4pus  6ps  8us 10ps 12us 2us 4us  6us 8us 10ps 12us

Time resolution:7.5 ns

This result indicates the
tilted-front-panel concept
works well.

Targets were propelled forward
without large divergence angle

30
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Velocities of mass center of tin particles %ﬁ%
were 1.0 ~ 1.5 km/s @9
ILE, Osaka
25 : I3lkml/s ..... A s I
| * L ap _ dv
- OF g dt  dt
| i
= 15[ ® ~ 0.8 kb
g | . o . ar
c
® 10[
o @ 1km/s
. 13um
@ oun| ]
® un] | (Similar to simulation)
T .

Time (us)

1.0~15km/s @ 10 u m thickness ::> 250 ~400 m/s @ KOYO-F
5MJ/m? 0.35 MJ/m? 31
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Spouted gas and small particles, and —
large particles were detected at 10- i
mm away from glass plate @

6us

800um

v

A

Diameter
~10 um

500um 2 x 1018 (cm-?)

0' particles
© o
00

o

(+)

2us 4us 6us 8us 10us 12us
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Laser irradiation induces RT instability
and break up solid thin surface, generates
+Z gas clusters and large particles

ok

ILE, Osaka

High speed —

gases clusters

High denSIty

columns :

particles

RT Instablhty \ \
Dot target L )
\ 4 < |Oart|cles\&_> oE
4—’
Glass plate X
Depend on

Laser

thickness of target
etc. 33
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Summary of this section

 When we discuss chamber clearance, we must
consider hydrodynamic process of ablation.

o Large diameter ( 10 um) particles would be formed.

« Remaining issue
« Discussion on the secondary particles are necessary.

KO
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o Stability of cascade flow

« When the thickness of the flow is >3 mm, a continuous stable
flow was obtained on a hydrophobic panel.

 Protection of beam port

« Thermal load of alpha particles was reduced to 1/10 of the
original design. No ablation takes place.

— Remaining issue: protection of inner wall
— SIiC would be the solution.
e Aerosols(100 nm diameter) and particles (10 um)

« Hydrodynamic process must be considered to discuss
formation of aerosols and particles.

— Remaining issue: Secondary particles

35
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