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Ste Fifth Workeshop on Boundary Clement
and Related Methods in Taiwan

with Celetrating the 1 0% Borthday of

Puoll. Den-Liang Young

UGt &, Z0LE

X . Prof. Der-Liang Young is a Life-time Distinguished
% ' professor in Department of Civil Engineering,

National Taiwan University.

This workshop is aimed to gather colleagues, friends and former students of
Prof. Der-Liang Young to present their research work in honor of his long-
time contribution to the scientific community of Computational Hydraulics
and Numerical Simulation. More than 4 foreign talks, to be presented, cover
models and methods developed for solution of equations arising from a
variety of physics and engineering that feature Prof. Der-Liang Young's
excellent academic life.

Organizers:

Prof. Tzon-Tzer Lu (Department of Applied Mathematics, National Sun Yat-sen
University) E-mail: ttlu@math.nsysu.edu.tw

Prof. Jeng-Tzong Chen (Department of Harbor and River Engineering,
National Taiwan Ocean University) E-mail: jtchen@mail.ntou.edu.tw

Local committee:

Prof. Chia-Cheng Tsai (National Kaohsiung Marine University)
Prof. Der-Chang Lo (National Kaohsiung Marine University)
Prof. Chia-Ming Fan (National Taiwan Ocean University)

National Sun Yat-sen Unive sit_y

Department of Applied Mathematic

Website: http://www.math.nsysu.edu.tw/conference/bem2014/
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Department of Applied Mathematics, National Sun Y at-sen University

i
! Faunded in 1987, the Department of Amplied Mathematicsoffers programs leading
—r- to Bachelor’s, Master’sand Doctor of P hilcs qphy degr ess. The Department consists of

dvided into three divisians: Statistics (5), Scentific Computing (3), and Mathematics
(10). We also have one adjunct Professar. The department is active in both teaching
and research. Many of aur faculty members have keen serving editorial board and/ar
chief-editor of a number of internationa prestigious mahematicd and statistical
journadls. The department has aso successfuly organized several important

internaticnal canferences in the mathematical and statistical sciences. The student
body of our department is currently composed of 233 undergraduates, 62 M.S. and 19

Ph.D. stucknts. Since 2012, Man-Duen Chad, a profssor of University of Tormto and
a ellowof the Royal Society of Canada, hasjoined usas an honorary chair prossor.
Themajor areasof our cepartmertalr esearch include nonlinear aralysis, differential

equations and dynamical systems, canbinatorial mathematics and algebra, robahility
theay and statistics, and scentific computing. The research performance of aur

cepartment is brilliart; as a matter of fact, statistics show thatour department is ore of
the tgp mathematics departments among al Taiwan’s research institutions. The

cepartment atracts subs@antial internal and externa research funds. Moreover, the
cepartment has an elite Research Group for Nanlinear Analysis and Optimizatin

supported by Taiwan’s Strategic Top University P lan.

= ] 18 full-time facuty members (4 Assistant, 1 Associate, and 13 full professors) and is
r

3215 ¥ Re/College Atrium

The department emphasizes toth taching and research. To ketter coordinate the research effarts, statistics, scentific
computing and mathematics have been icentified asour primary research ar eas:

The division of statistics concentrates on optimal design for regression, financial time series, and applied prokability and
bianedical stafistics. The recent research work focuses on advanced determinant calculus of D-optimal design for weighted
polynomial regressions, gptimal designs for multi-respanse non-linear models, estimations of the integrated vdatility ratio and
online monitoring system fa high frequency transaction data, same variations of two-persan red-and-black game, and medical
image analysis.

The division of scientific computation studies elliptic bouncary value problems with singualtity, transport problem, poraus
media, pattern recagnition polynomial system, matrix computation and camputatioral finance, etc. Beside the traditional finite
difference, finite element and finite volume methods, we also use Trefftz boundary method, method of fundamental sdution, radial
basis methad, combined methad and consenative schemes, etc. In addition, we have made deep inwestigation on the super
conwergenceof numerical methods and effective condition numbersof a linear sysem.

The division of mathematics concentrates on combinatorial mathematics and algebra, differential equations and inverse
prablems, dynamic systems, nonlinear analysis, optimization, and applicationsto engneering, ecanomicsand finance.

Research Equipment

The Department hcsts the center of mathematics library of

National Science Council in Kadhsiurg area The ollection of
curent and back issues of math jaurnals and online e-joumals are

farly compete. There are two computer labs far graduate and
undergraduate students, five multi-meda classrooms, and equipments
for distance learning and \video conkrencing. The hardware and
software for high-perfomance computing fadlity is established.
E\very graclate student isprovided office space.

Education Obj ectives HE% ¥ 9 =</ Online distance course

Many of aur students take a broad pragram which introduces them 1o various areas of mathematics and itsapplications. The
various courses provide studentswith the mathematical, statistical and computational skills necessary to pursue advanced study,
startacar eer in teaching or inthe private and public sectars.
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Professor Der-Lian Young

Der-Liang Young is Professor of Department of Civil
Engineering of National Taiwan University (NTU). He began his
teaching career at NTU since 1983, and was Head of Hydrotech
Research Institute from 1985 to 1991. He received a B.S. in
1968 and a M.S. in 1971 from NTU. Due to his passion of fluid
mechanics research content, after his graduation from NTU, he
went directly to California Institute of Technology for another
master study at Department of Civil Engineering in 1972. He
received his Ph.D. in Civil and Environmental Engineering from
the University of Cornell in 1976 under the supervision of
Professor James A. Liggett and Professor Richard H. Gallagher.
His computing research began at that time with pioneering work
in finite element method for the simulation of water circulation
and heat transfer of density current in lake hydrodynamics.

From 1976 to 1983, he worked at Hazard Engineering Company, NTU, Nortech, DMA
Engineering Consultants and Rockwell International in California, eventually as a Senior
Computer Scientist and Visiting Associate Professor. He came back to NTU in 1983 and started
his academic career. In 2004, he was nominated as Chung Chow Chang Endorsed Chair
Professor. Now, he is the Life-Time Distinguished Professor at Department of Civil Engineering,
Senior Research at Hydrotech Research Institute and the Head of the Excellence Research
Project for Ministry of Education.

In the past 31 years, he devoted his life to do fundamental research. His research interests
include numerical computations (meshless method, boundary element analysis, finite-element
method and finite-difference method), fluid mechanics, vortex dynamics, heat and mass transfer,
hydraulic engineering, coastal engineering, computational electromagnetism, acoustics and
fluid-structure interaction analysis. The thinking of his research interests centered on the
Numerical computations, laboratory Experiments and Theoretical studies (NET). A wide range
of areas are covered, in these ten years, mainly focus on the computations of fluid dynamics and
hydrology by meshless method. He has a track record of more than 180 publications in
peer-reviewed scientific journals, 20 book chapters, over 300 conference papers, 150 technical
reports and 4 technical transfers.
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Because of his excellent academic performances, he has achieved external and professional
awards and marks of recognition from Education of Ministry in Taiwan. They are the
three-times Excellent Research Award of National Science Council (NSC) from 1992 to 1998,
two-times Distinguished Research Award of NSC from 1998 to 2004, Outstanding Research
Award in 2005, Sun Fun-Dao Medal of the Society of Theoretical and Applied Mechanics in
2006, Fellow of the Society of Theoretical and Applied Mechanics in Taiwan and the 54"
Academic Award of Ministry of Education in division of Applied Physics and Engineering.
Besides, in 2012, he was commended for long-lasting and seminal contributions to Trefftz
method, and to solve a broad-class of problems in engineering and science. Because of his
outstanding academic contributions, he was appointed the Chair of Permanent of Executive
Organizing Committee of the International Conference on Computational & Experimental
Engineering and Sciences. He was also invited to be the membership of American Geophysical
Union, International Association for Hydraulic Research, Chinese Institute of Engineers,
Chinese Association of Civil and Hydraulic Engineers, Aerospace and Aeronautical Engineers,
Agriculture Engineers and Wind Engineering. It is worth noting that he was invited to be the
editor board members of five international journals.

In addition to being an excellent researcher, Professor Der-Liang Young is a good teacher as
well. He likes a gardener brining up a lot of talents and illuminating their voyage. During his
tenure at NTU, he has supervised 25 doctoral students and 80 master students to completion, and
a number of former Ph.D. students are now conducting research at universities and scientific
institutions.

As a tribute to Professor Young on the occasion of his 70 birthday and to celebrate his lifelong

contributions in computational fluid mechanics research, this conference covering a number of
scholars, colleagues, friends and his former students will be presented best wishes to him.
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Pattern Formation Simulations in Reaction-diffusion
Systems by Local Integral Equations with Meshless
Approximations

V. Sladek, J. Sladek
Institute of Construction and Architecture
Slovak Academy of Sciences
84503 Bratislava, Slovakia
E-mail: vladimir.sladek@savba.sk

Abstract

Alan Turing was the first who discovered that some reaction-diffusion system consisting of at
least two chemical species (activator and inhibitor) exhibit a steady state which is stable to small
perturbations in the absence of diffusion, but becomes unstable when diffusion is present
(Turing instability). He demonstrated how a simple model system of coupled reaction-diffusion
equations could give rise to spatial patterns in chemical concentrations through a diffusion
driven instability. Turing also pointed out the role of such patterns in biological pattern
formation. Now the theory has been widely developed (see e.g. J.D. Murray: Mathematical
Biology I. and I1., 3rd edition, Springer, 2001).

In this contribution, we propose a meshless Local Integral Equation(LIE) method for
numerical simulation of 2D pattern formation in nonlinear reaction-diffusion systems. The
method uses weak formulation of the differential governing equations on local sub-domains
with using the Green function of the Laplace operator as the test function. The Moving Least
Square (MLS) approximation is employed for spatial variations of field variables while the time
evolution is discretized by using suitable finite difference approximations. The effect of
parameters of model as well as the geometry and boundary conditions on pattern formation are

studied by considering the well known Schnakenberg model.

Keywords: Nonlinear reaction-diffusion systems; Turing instability; Schnakenberg model;

Meshless methods; Local integral equations; Moving least squares
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Meshless Analyses of Quasicrystal Structures

J. Sladek and V. Sladek
Institute of Construction and Architecture
Slovak Academy of Sciences
84503 Bratislava, Slovakia
E-mail: usarslad@savba.sk

Abstract:

Quasicrystals (QCs) have a solid structure with a long-range quasiperiodic translational order
and along-range orientational order. The icosahedral QC was first discovered in 1984 by
Shechtman et al. (1984). The real discovery was made nearly two years before, but their work
was met with resistance inside the professional community. Since the original discovery of
Shechtman hundreds of quasicrystals have been reported and confirmed. D. Shechtman was
finally awarded the Nobel Prize of Chemistry 2011. Undoubtedly, the quasicrystals are no
longer aunique form of solids, they exist universally in many metallic alloys and some
polymers. Quasicrystals are found most often in aluminium alloys.These materials have
potential engineering applications. The electronic structure and the optic, magnetic, thermal and
mechanical properties of QCs are intensively investigated experimentally and theoretically.

A meshless method based on the local Petrov-Galerkin approach is proposed to solve
initial-boundary-value crack problems in decagonal quasicrystals. These quasicrystals belong to
the class of two-dimensional (2-d) quasicrystals, where the atomic arrangement is quasiperiodic
in a plane, and periodic in the perpendicular direction. The ten-fold symmetries occur in these
quasicrystals. The 2-d crack problem is described by a coupling of phonon and phason
displacements. Both stationary governing equations and dynamic equations represented by the
Bak’s model with oscillations for phasons are analyzed .

The MLPG is also applied to plate and shell bending analyses in orthorhombic QCs under
static and transient dynamic loads. The orthorhombic QCs belong to the class of
one-dimensional (1D) QCs. ThelD QCs are such ones, in which the atom arrangement is

quasi-periodic in one direction, and periodic in other two directions. The Bak model is applied
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for phason governing equation in the elastodynamic case. The phason displacement for the
orthorhombic QC in the first-order shear deformation plate and shell theory is dependent only
on the in-plane coordinates over the mean plate surface.

Keywords: Crack problem, plate, shallow shell, decagonal quasicrystal, orthorhombic

quasicrystal, MLPG, moving least square approximation
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Reduced Equations and Special Solutions
for Geomorphic Dam-break Flows

Hervé Capart (+ ¥7%)

Dept of Civil Engineering and Hydrotech Research Institute
National Taiwan University, Taipei, Taiwan 106
E-mail: hcapart@yahoo.com

Abstract

For problems governed by linear partial differential equations, approaches like the Boundary
Integral Element and Trefftz methods demonstrate the great value of mixing analytical and
computational tools. Flows governed by strongly non-linear equations, by contrast, would seem
to resist analytical treatment and require instead brute force computations. Using the example of
geomorphic dam-break flows, characterized by large surface and basal boundary deformations, |
will show that this needs not be the case. Although general solutions are precluded, reduced
equations and special solutions can yield valuable insights and practical predictions. Two
applications will be presented, both rooted in joint work pursued with Professor Der-Liang
Young: dam-break waves over erodible beds, and the breaching of large lakes barred by
triangular dams. In both cases, problem dimensionality can be reduced by exploiting
self-similarities of the vertical and longitudinal flow profiles. The resulting solutions are well

corroborated by lab experiments and field observations.

Keywords: Geomorphic flows, shallow water equations, alluvial diffusion theory, similarity

solutions
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A Modification of the Schwarz Alternating Method
and its Convergence Theory

Takemi Shigeta (% v £ %)

Laboratory of Applied Mathematics
Showa Pharmaceutical University
Machida, Tokyo 194-8543, Japan
E-mail: shigeta@ac.shoyaku.ac.jp

Abstract
The Schwarz alternating method (SAM) is an overlapping domain decomposition method,
which is an iterative method for alternately solving two boundary value problems in two
decomposed subdomains. A modification of the method for the two dimensional Poisson
equation is considered by introducing a relaxation parameter to improve the convergence speed.
The convergence of the modified SAM is mathematically proven, and the optimal parameter
which makes the convergence the fastest is given in a mathematical form. Simple numerical

experiments show the effectiveness of the modified SAM with the optimal parameter.

Keywords: convergence proof, optimal relaxation parameter, overlapping domain decomposition

method, Schwarz alternating method
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Taiwan Flood Inundation Characteristics
and its Numerical Modelling

Tsang-Jung Chang (& & %

Department of Bioenvironmental Systems Engineering
National Taiwan University
Taipei 10617, Taiwan
E-mail: tjchang@ntu.edu.tw

Abstract

Taiwan is located in the typhoon track zone of west Pacific Ocean and Asia monsoon region
with high temperatures and rich rainfall. In the past twenty years, the events of extreme
precipitation are significantly increased due to global climate change and rapid urbanization.
Flood inundation is serious in many urban cities and thus causes casualties and financial loss. As
facing flood-related disasters, our aim is to reduce the damage by combining engineering and
non-engineering approaches. For the engineering approaches, the regional drainage and storm
sewer systems primarily in low-lying terrain and urban planning areas should be improved to
fulfill a certain level of protection standards against the flood caused by extreme precipitation.
For the non-engineering approaches, four major works including the improvement of urban
inundation modelling accuracy, the enhancement of pluvial flooding warning systems, the
development of new regulations for urban flood prevention and resilience city strategies are
proposed and discussed. A special attention is focused on the accuracy improvement of urban

inundation modelling.

Keywords: Flood inundation, engineering approach, non-engineering approach, urban

inundation modelling, Taiwan.
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Three-dimensional Numerical Simulation
of a Sphere Rolling Down an Inclined
Plane with Free Surface

Ching-Biao Liao (¥ it 1% )

Department of Water Resources Engineering and Conservation
Feng Chia University
Taichung, Taiwan 40724
E-mail: cbliao@fcu.edu.tw

Abstract

The moving solid object with free surface flow is a challenging subject in CFD. The
incompressible Navier-Stokes equations coupled the level set method and the immersed
boundary method were discretized by finite difference in simple staggered Cartesian grids.
The simplified immersed boundary method with direct forcing is applied to simulate a
rolling sphere and inclined plane in fluids. The level set method is used to track the interface of
two fluids. In this talk, three-dimensional numerical simulation of a sphere rolling down an
inclined plane in both subaerial and submerged cases, depends on the initial location of
sphere were discussed. The results show the wave generated due to the moving sphere.
The current method is efficient, straightforward, robust and successful in solving

fluid-structure interaction with free surface problems.

Keywords: Navier-Stokes equations, immersed boundary method, level set method, rolling

sphere, surface waves
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Using Nonuniform Nodal Space in Meshless
Groundwater Modeling

Kuo-Chin Hsu ( # 4% ) ", Wen-Han Tasi', and Der-Liang Young?

'Department of Resources Engineering
National Cheng Kung University
Tainan, Taiwan 70101
? Department of Civil Engineering
National Taiwan University
Taipei, Taiwan 106
*E-mail: kchsu@mail.ncku.edu.tw

Abstract

The effect of nodal arrangement on the meshless method using the radial basis function
collocation method (RBFCM) is investigated. Both steady and transient groundwater flow
problems were solved by RBFCM to demonstrate the efficiency of the proposed configurations
of non-uniformly-distributed nodes. The results are then compared to analytical solutions and
the scenario when using uniformly-distributed nodes. The radial basis function used in RBFCM
is multiquardrics (MQ), which contains shape parameters c. Sensitivity analysis of the
parameters in MQ-RBFCM focuses on the shape parameter and nodal space parameters. Results
showed that by applying the configurations of non-uniformly-distributed nodes, the total number
of nodes can be significantly reduced by thousands or more, yet achieve the same accuracy as
using uniformly-distributed nodes. The relation for the nodal space with associated shape
parameter was also investigated for the practical application of the meshless method to

groundwater flow modeling.

Keywords: Non-uniformly distributed node, multiquardrics radial basis function collocation

method, shape parameter, groundwater flows.
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Inverse Scattering Problem from an Impedance Obstacle

Kuo-Ming Lee ( % BF )

Department of Mathematics
National Cheng Kung University
Tainan 70101, Taiwan
E-mail: kmlee@math.ncku.edu.tw

Abstract
In this talk we deal with the inverse scattering problem for an impedance obstacle. The aim is
to recover both the impedance function and the scatterer simultaneously. Based on boundary
integral equations, our method splits the inverse problem into a well-posed direct problem
followed by a smaller ill-posed problem which has advantages both in understanding the inverse

problem and in the numerical reconstructions.

Keywords: inverse problems, scattering, impedance problems
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Conservative Schemes and Degenerate Scale Problems in
the Null-field Method for Dirichlet Problems of Laplace's
Equation in Circular Domains with Circular Holes

Hung-Tsai Huang (% % B4)

Department of Applied Mathematics
I-Shou University
Kaohsiung, Taiwan 84001
E-mail: huanght@isu.edu.tw

Abstract

Recently, the null-field method (NFM) has been proposed by Chen and his co-researchers for
solving boundary value problems involving circular domains with circular holes. The explicit
algebraic equations of the NFM are derived in our recent paper. However, even for the Dirichlet
problem of Laplace's equation, when the logarithmic capacity (transfinite diameter) C. =1 is
given, the solutions may not exist, or not unique if existing, to cause a singularity of the discrete
algebraic equations, called the degenerate scale problems. In this talk, the new conservative
schemes of NFM are proposed. The conservative schemes can always bypass the degenerate
scale problems; though numerically it causes a severe instability. A new pseudo-singularity

property is discovered that only the minimal singular value o .. of the discrete matrices is

min

infinitesimal to cause the instability. To restore good stability of the conservative schemes, the

over-determined systems and the truncated singular value decomposition (TSVD) are proposed.

Keywords: null-field method, degenerate scale problems, conservative schemes, circular

domains, over-determined systems, truncated singular value decomposition
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Neumann Problems of Laplace's Equation
In Circular Domains with Circular Holes
by Methods of Field Equations

Ming-Gong Lee (% M % ) !, Zi-Cai Li% and Hung-Tsai Huang®

'Ph.D. Program in Engineering Science
Chung Hua University
Hsinchu, Taiwan 80012

E-mail: mglee@chu.edutw
“Department of Applied Mathematics
National Sun Yat-sen University
Kaohsiung, Taiwan 80424
E-mail: zicailil@gmail.com
*Department of Applied Mathematics
I-Shou University
Kaohsiung, Taiwan 84001
E-mail: huanght@isu.edu.tw

Abstract

For Laplace's equation in circular domains with circular holes, the null field method (NFM) is
proposed by J.T. Chen with his groups. In NFM, the fundamental solutions (FS) with the
exterior field nodes to the solution domain are used in the Green representation formulas, where
the FS are replaced by the infinite expansion series. The explicit algebraic equations are
essential not only to practical computation, but also to the algorithm analysis, such as algorithm
singularity, error and stability analysis. This paper is devoted mainly to Neumann problems (i.e.,
the Neumann boundary value problems) of Laplace's equation by the second kind NFM. When
the field nodes are pulled to the domain boundary, this special (i.e., the optimal) NFM is
equivalent to the interior field method (IFM). In fact, the IFM results from the Trefftz method,
where the interior field solutions are chosen to satisfy the Neumann boundary conditions. For
simplicity, the IFM and the specific NFM are named the method of field equations (MFE). For
the Neumann problems, there do not exist the degenerate scale problems, but the

pseudo-singularity may be encountered if the numbers of the unknown coefficients and the
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collocation equations are exactly the same. To bypass this pseudo-singularity, the
overdetermined system and the truncated singular value decomposition (TSVD) are solicited, to
restore good stability. Interestingly, the first kind MFE can also be used for Neumann problems.
Numerical experiments with comparisons are carried out by two kinds of MFEs. The stability
analyses are made to support the excellent performance of two kinds MFEs via the
overdetermined system. In summary, two kinds of MFEs are both effective for solving Neumann

problems, and their numerical performances are both excellent.

Keywords: Neumann problem, Laplace's equation, circular domains, null field method, interior

field method, method of field equations, collocation Trefftz method, pseudo-singularity, explicit

algorithms, stability analysis
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