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Mitigation of Damage to the Target Vessel Wall
* Enabled High-Power Spallation Neutron Target by Double-Walled Structure *
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Fig.5-6 Photograph and cross sectional-image of the Fig.5-7 Macroscopic images of the damaged surface for
double-walled mercury target vessel the gap width of 2 mm in various mercury flow velocities
A maximum initial pressure of approximately 40 MPa was obtained by a laser scanning microscope
generated due to the 1-MW proton beam injection. A double- The experimental impact force due to the cavitation was reduced
walled structure with a narrow channel was applied to the front by increasing the flow velocity, since the pressure distribution
part of the vessel at high-pressure region. around the wall varies with the flow velocity.
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Fig.5-8 Erosion damage formed on the inner wall of the mercury target vessel
The shape of the damaged surface was replicated using a silicone piece of rubber for a detailed 3D damage observation because of the
high radiation dose. The damage on the outer wall (a) of the narrow channel was drastically reduced when compared with the inner wall (b).

At J-PARC, neutrons are produced for materials and life one-third and the resulting damage to the vessel wall was
science research by injecting high-intensity proton beams into drastically reduced. Furthermore, to achieve a high-power
mercury. More high-power proton beam injection is required stable operation, an inner wall with a narrow mercury channel
to increase the resolution of the neutron measurement. Whenwas adopted to contribute to the outer wall protection. In this
the high-intensity proton beam hits the mercury in the stainless adopted double-walled structure, shown in Fig.5-6(b). Based
steel vessel (i.e. the target vessel), half of the proton beam on the results of cavitation damage experiment, a gap width of
energy is used for neutron production, whereas half is lost as the narrow channel of the mercury target vesselmirRwas
waste heat. For a 1-MW proton beam injection (representing VHOHFWHG ZLWK D PHUFXU\ ARZ YHORF|
the goal at J-PARC), the local mercury pressure increases (Fig.5-7).
by approximately 40 MPa due to the instantaneous thermal Photographs and detailed analyses of the resulting damage of
expansion. The mercury pressure thus drops below the saturatedthe outer and inner walls of the mercury target vessel operated
vapor pressure during the propagation of the pressure wave,for 4200 hours at an average proton beam power okWsare
FDXVLQJ FDYLWDWLRQ GHSUHVVXU LdHev ik RJ-SBLTHE damelgd on theBurfac& &f khe outer wall
cavitation bubble collapses when the pressure recovers abovethat faced the narrow channel was less thapn20n depth,
the saturated vapor pressure, thus causing damage to the vessethereas a maximum cavitation damage of approximately
wall. Since the resulting damage to the vessel wall increases 260um in depth was formed on the inner wall. These results
with operating time and proton beam power and degrades the thus demonstrated that adopting the designed double-walled
structural integrity of the target vessel, mitigating this damage structure can drastically reduce the cavitation damage.
to the vessel wall is necessary to achieve long-term high-power )XWXUH HuRUWY WR FRQWLQXH ZRUNL
operation of the high-intensity proton beam. at the world’s highest pulsed-neutron facility will include

In this work, gas microbubbles were injected into the mercury quantitative assessment of the damage caused by cavitation to
to absorb the thermal expansion of the mercury and thus mitigate the double-walled mercury target vessel while increasing the
the pressure waves that produce cavitation. The results showedproton beam power.
that the pressure of the mercury was reduced by approximately (Takashi Naoe)
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