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Thesis Summary

Spurred by the demand for cleaning techniques of low environmental impact, one favors physical cleaning
that does not rely on any chemicals (e.g., liquid jet cleaning and ultrasonic cleaning). In the present work,
the cavitation accompanied by droplet impact and wall shear flow generated by droplet impact and cavitation
bubble collapse near a rigid wall are simulated to understand their roles for surface erosion and cleaning
contributions. Problems are modeled by solving compressible multicomponent Navier—Stokes (or Euler)
equations and we solve a high-order accurate finite volume method that can capture both shocks and
material interface.

Cavitation accompanied by high-speed droplet impact against a deformable wall is simulated to see whether
the collapse is violent enough to occur surface erosion. The evolution of pressure waves in a single droplet
to collide with a deformable wall at speed up to 110 m/s is simulated and the preexisting bubble nuclei
(micron or submicron in radii) show large growth to submilimeters based on a one-way coupling evaluation.
It is also found, the radiated pressure from the cavitation bubble collapse can overwhelm the water-hnammer
pressure directly created by the impact.

Radially spreading wall shear flow generated by high-speed droplet impact is believed to achieve particle
removal in liquid jet cleaning, but its mechanism is not well understood. We simulate high-speed droplet
impact on a dry/wet rigid wall to investigate wall shear flow as well as water hammer after the impact. The
impact of a spherical water droplet (200 um in diameter) at velocity from 30 to 50 m/s against a dry/wet rigid
wall are considered. In the dry wall case, the strong wall shear appears near the moving contact line at the
wetted surface. Once the wall is covered with the liquid film, the wall shear stress gets weaker as the film
thickness increases; the similar trend holds for the water-hammer shock loading at the wall. Thereafter, we
compute hydrodynamic force acting on small adherent particles in a one-way-coupling manner. The
hydrodynamic force is estimated under Stokes' assumption and compared to particle adhesion of van der
Waals type, enabling us to derive a simple criterion of the particle removal.

Collapse of cavitation bubbles near a rigid wall leads to the formation of a high-speed reentrant micro-jet
toward the surface which plays an important role in ultrasonic cleaning. The jet impact accompanies radially
spreading wall shear flow capable of removing particles from the surface, but the particle removal
mechanism is not well understood due to the experimental challenges. We simulate the so-called Rayleigh
bubble collapse (100 uym in radius) near a no-slip, rigid wall to quantify the wall shear flow. Collapse of both
single bubble and two bubbles are considered and the driving pressure ranges from 2 to 10 MPa. Our
simulations show that generation of wall shear flow particularly after the jet impact. Lastly, the suppression

effects on the wall shear stress due to the bubble-bubble interaction is clarified.




	主論文_表紙
	Dr_J3_ronbun_youshi_tk3
	Dr_J3_ronbun_youshi_E_tk

