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It is important to keep mesh resolution enough to simulate the gas-liquid two-phase flows accurately.
However, the mesh convergence has not been achieved in most cases of high Reynolds number and violent
two-phase flows.

The incompressibility assumption together with semi-implicit time integrators has been widely used. The
convergence of iterative process to solve Poisson equation becomes poor as increasing the mesh number and a
large-scale simulation of two-phase flows is recognized as a challenging problem. The purpose of this study is
developing two methods to achieve higher-resolution two-phase flow simulations, those are a fully-explicit scheme
to avoid solving Poisson equation and interface-adapted AMR (Adaptive Mesh Refinement) method.

In chapterl, the background and motivation of this study are described.

In chapter2, the derivation of numerical methods for the weakly compressible scheme based on characteristic
theory are described. The accuracy and numerical stabilities for violent flows are validated by solving benchmark
problems and dam-breaking onto wet floor problem using 127 million meshes, respectively.

In chapter3, another method solving isothermal Navier-Stokes equations are proposed and the
density-weighted discretization is used for the advection term. The accuracy and numerical stability are examined.

In chapter4, the computations of interface-adapted AMR method are described. The 9.26-times speed up
under 1/12.3-reduction of mesh points is achieved on CPU-code of solving the conservative Allen-Cahn equation
using multi-moment scheme. A jet flow problem with 1/30 reduction of memory compared with uniform grid system
and the formation of a soap bubble with 7.8 times expanding from initial radius were demonstrated.

In chapter5, FENE-CR model for viscoelastic fluid is introduced and the numerical method is validated. The
effect of viscoelasticity to liquid film under the gravity is considered.

In chapter6, the transport equations of surfactants are introduced to evaluate Marangoni force. The numerical
method is validated to compare with experimental results. The formation of stable thin liquid film onto liquid surface
rising from underwater under the gravity can be simulated due to high-resolution mesh and Marangoni effect.

In chapter?, the conclusions were summarized.

% © GRS L. FISC 2000 G2 & 5030 300 iEA LT ORMT D2, b L <IEHIC 800 34 1 e LT 7230,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HE RSCERIL, LRI —FURTN (T2R) IS TA L F— Ry MARSNET O T, AKFTRERFEADONE TIERL TZEN,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




