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Background and motivation
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Factors in decision for lifetime
- Irradiation damage : Reduction of ductility occurs along with operation time

- Fatigue damage : Cyclic stress by pressure waves is repeated up to gigacycle
- Cavitation erosion: Erosion penetrates the beam window within a few days at 1 MW operation

Impact
Cavitation bubble behavior

Issue for achieving the high-power stable operation at 1 MW in long term

Beam energy is 40 ki/pulse at 1 MW, 2.4x higher than SNS at the same power
—> Developing and upgrading cavitation damage mitigation techniques

Cavitation erosion of
used target vessel

8th High Power Targetry Workshop, Nov. 6-10, 2023 3



(. 2J-PARC

Developing and upgrading cavitation damage mitigation techniques

Gas microbubbles injection
(2014~)

Outer wall (3 mm)

Double walled structure at beam window
- Suppress cavitation impact by flowing effect

- Suppress pressure wave by gas  (20127) Inner wall (5 mm) (high flow velocity) , Narrow gap effect
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Upgrading to increase bubble void fraction at beam
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Optimization of bubble generator by machine learning
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Target diagnostic system bv acoustic vibration measurement
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Sound signal contains information of
vibration on the target vessel surface
induced by pressure waves in mercury
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Change in sound amplitude by beam power and
gas flow rate for microbubble injection

e LDV and microphones are installed to monitor the status of gas
microbubble through the beam-induced acoustic vibration
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Change in acoustic vibration by bubble injection

2104 MWh 1660 MWh 2581 MWh 2271 MWh 2273 MWh

% w/o bubbles Avg. 529 kW Avg. 568 kW Avg. 685 kW Avg. 798 kW Avg. 851 kW
4: I | 1 | .l ] 1 | 1 I 1 | I 1 |
Té— Bubble injection 1.0~ - - - : : : : -
= - L #9 #11 #10 #14 + #13°§7
| @ AT S A . . ' . . ™ ohug PP X I
g i 0.8 ta ’ v . ¢ | -~ -
o I - i o 2aandid Pl . * -
2 Fquiv. power, ' . ' )

q P | - Sy *H a ’ ) . : ;

0.6 3§

Operational beam power

Beam power, MW
Bubble effect, -

i ‘ ’ I

-;' il s oo B ) - -
i ® »

vyt 0 . -

* ﬁ : .- .o ]

. -

Scale of pressure wave mitigation 0.4 ; :
by bubble injection 4 | | " % !| -i-éﬁ ﬁ “ u i w
Equivalent power 0.2 Averagé : ; S : | : | ‘ I
Bubble effect = __under bubbling . B.0.48  Be:0.43 BEEID B.:0.20 [MBEES> B.: 0.27  B.:0.28
Be Operational beam power 0.0l . . | . . | g ) | : . | : .
Oct 2018 Oct 2019 Oct 2020 Oct 2021 Oct 2022 Oct 2023

Bubble effect =1 denotes bubble is not working

Less value means higher mitigation effect : :
J J 11 Trend of beam power and bubble effect during user operation

e Reduction of sound amplitude related to the gas flow rate is used for as an index of bubble effect (Be)
e B is high and fluctuated in target #9 because gas flow rate is low and unstable
e B, for targets #10, #14, #13 are good, and almost stable by improving gas flow rate independent of beam power
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Improvement of beam wmdow cutting
=

Target #13 Aug. 2023
After 68 days after operation
Avg. power : 851 kW
Total energy : 2273 MWh
Total dose : max. 15 8 dpa

\ By
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Initial constraints - Horizontal cut to prevent mercury spilling
- Dry cut for remote handling

Dry cut T.« 180°C

- Friction heating by dry cut leads
difficulties of cutting (2011~2015)

Cut with lubricant T1,..:81°C

Water base lubricant reduce friction heating
but increase of tritium release (2017~2019)

Semi-dry cut T 150°C

- Semi-dry cut with grease on surface
coating to reduce tritium release and
mitigate friction hearing (2020")

Annular cutter with center drill ‘ Adopted center drill to ensure extract
| cutout specimens (2023) /



Difference of erosion damage by bubble effect wJ-PARC

Surface shape was

Target #9 (2018~19) ___ NN Target #10 (2020= Target #13 (202272
2104 MWh | > silicone rubber 2581 MW 2273 MWh -
Avg. 529 kW | i Avg. 68 Avg. 851 kW 4
Narrow
channel

Outer wall (3 m R

Replicated surface

Dmax=3.34 mm Dmax=0-44 mm -
Inner wall (5 mm) \ g
Bulk side
Bubble effect is
not enough
Approx. 5 mm offset from
Avg . center to protect damage
at center from drill for
Be:0.48 target #13

e Damage on bulk side correlated with the bubble effects obtained by sound measurement

e Damage is concentrated around center, is seemed to be growing along polishing mark (surface finish will be improved)
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Prediction model construction for damage depth
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Empirical equation for depth prediction 1000
based on off-beam damage experiment
900
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e Measured damage depth for target #13 is smaller than that of predicted depth, that may be caused by improvement of
local void fraction around the beam window
e As a conservative estimation, the damage without penetrating inner wall,
1 MW 4000 hours (1 year) operation is acceptable (Dmax<4.7 for Be=0.28, Dmax<1.4 based on #13)

1 MW 8000 hours (2 years) operation may acceptable predicted damage based on #13 observation (Dmax<4.7 for B=0.28)
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Summary
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Mercury target vessel for J-PARC pulsed neutron source is gradually updated to
mitigate the pressure wave induced cavitation damage on interior surface.

No cavitation erosion were observed on narrow channel surfaces, independent of
the beam power and operation period.

Damage depth of cavitation on the bulk side surface faced bubbly mercury was
mitigated correlated with the bubble injection defined as the bubble effect (Be)
estimated by the beam-indued acoustic vibration measurement.

1 year operation at 1 MW/pulse (designed life) will be acceptable when the
damage mitigation by bubble injection acts as same with the target #13.

Further improvement of the bubble generator to increase bubble void fraction is
applied for target #15, and its optimization will be continued.

10






