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Complex BIEs extended to 3D problems
using Clifford analyses in Cl3(R), H(R) and C&C

Hong-Ki Hong and Li-Wei Liu

Department of Civil Engineering, National Taiwan University
E-mail: hkhong@ntu.edu.tw

Abstract

The plane problems of harmonic functions are analyzed and solved effectively when
using the techniques of complex variables. Those powerful techniques are confined to
two-dimensional problems, however. In this talk we extend them to three dimensions using
Clifford analyses of complex, real, and commutative quaternions. First, boundary integral
equations (BIEs) in complex variables are extended to BIEs in the real Clifford Cl3(R)
variables. Then, noting the isomorphism of the real Clifford algebra CI3(R)to the complex
quaternion algebra H(C), we reduce the Cl; BIEs to BIEs in the real quaternion H(R)
variables. Finally, noting that the Clifford algebra CI3(R) has the complex matrix algebra
C(2) representation, from the Cl; BIEs we extract BIEs in the double field of complex
variables C®C. As one of the representations of the commutative quaternion algebra, the
C®C representation is herein found very powerful in bringing both complex analysis
techniques and complex function arsenal at our disposal, thus making them from now on

applicable to three-dimensional problems.

Keywords: complex analysis, Clifford analysis, quaternion, commutative quaternion, double

field of complex variables, boundary integral equation.
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Applications of methods of fundamental and particular solutions to some
computational fluid dynamics problems

Der Liang Young
Department of Civil Engineering,
National Taiwan University, Taipei, Taiwan
E-mail: dlyoung@ntu.edu.tw

Abstract

We will solve some classic hydrodynamics problems including potential, Stokes and
Navier-Stokes flows by using two meshless methods—the method of fundamental solutions
and the method of particular solutions. The former is a boundary—type and for homogeneous
field equations while the latter is a domain-type and for inhomogeneous field equations. In
the first category this paper will start with the potential flows, in particular focusing on the
unsteady two-dimensional potential flows. In this part we will cover the generalized Lagally
theorem with free vortices and its applications to fluid-body interaction problems; and
followed by the Taylor theorem and calculation of added mass coefficients in irregular
geometry. In the secondary category, we will move to quasi- and unsteady Stokes flows,
both two and three dimensions. We will start with the derivations of two-dimensional and
three-dimensional unsteady fundamental solutions of Stokes equations. Analytic solutions by
singularity methods of a translating sphere and a rotating sphere will be introduced first; the
advantages of calculations of hydrodynamic forces and torques for the solid body through
the method of fundamental solution in both steady and unsteady cases will be discussed
through the singularity principles of Stokes flows. Next two- and three-dimensional interior
Stokes cavity flows are investigated and comparing with other solutions. Finally in the third
category we will extend the Stokes flows to the Navier-Stokes equations by the
Eulerian-Lagrangian method through the time-space unification of the method of
fundamental solutions, such as the low-Reynolds number circular cavity with moving rigid
body flow. In the meantime in this category both the methods of fundamental and particular
solutions will also be used to solve some benchmark viscous Navier-Stokes flows such as
moderate-Reynolds number 2D cavity flows with a rotating cylinder as well as 3D cavity
flows with a fixed sphere inside a cube. It is demonstrated that both the methods of
fundamental and particular solutions are very powerful for dealing with the inviscid as well

as viscous flows of hydrodynamics problems.

Keywords: Method of fundamental solutions, Method of particular solutions, Meshless,

Potential flows, Stokes equations, Navier-Stokes equations.
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[1] Kuo, C.-H. Boundary element methods for contact analysis (invited). Encyclopedia of
Tribology, Springer, 2011.

[2] Kuo, C.-H. Stress disturbances caused by the inhomogeneity in an elastic half-space
subjected to contact loading. International Journal of Solids and Structures, 860-873,

Vol. 44, 2007.

[3] Kuo, C.-H. Contact stress analysis of an elastic half-plane containing multiple
inclusions. International Journal of Solids and Structures, 4562-4573, Vol. 45, 2008.

[4] Kuo, C. H. and Keer, L. M. Contact stress analysis of a layered transversely isotropic
half-space. ASME Journal of Tribology, 253-262, Vol. 114, 1992.
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Application of Boundary Element Method to Contact Problems

C.-H. Kuo
Department of Civil Engineering
National Chi Nan University, Puli, Taiwan
E-mail: chkuo@ncnu.edu.tw

Abstract

The boundary element method has been effectively used to analyze various contact
problems in the past few decades. Compared to other numerical method, no additional
contact elements are needed at the interface between two contacting bodies for the boundary
element method which offers more flexibility for the contact region under various contact
conditions and more accurate solutions for contact pressure and contact area with fewer
elements. Mathematically, contact problems are mixed boundary value problems which
have the unknown contact pressure in contact region with the surface deformation
accommodating the geometry profile of contacting bodies and the surface tractions
prescribed in the remaining region. In the direct boundary element formulation, the
Somigliana identity is commonly employed to derive the boundary integral equation. For
non-conforming contact problems, the Cauchy singular integral equation of the first kind is
obtained with both the contact pressure and contact region being unknowns to be determined.
Numerical iteration procedure is generally required to solve the integral equation. A
two-dimensional sliding contact stress analysis of an isotropic half-space containing
multiple inclusions is given as an example. A set of boundary integral equations is derived
for the contact region and the interfaces between inclusions and substrate, and linear

elements are used to solve the integral equations numerically.

Keywords: BEM, Boundary integral equations, Contact Mechanics, Inclusion
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Boundary Element Coupling Analysis of Unsymmetric Laminated Plates

Chyanbin Hwu, Hanwen Chang

Department of Aeronautics and Astronautics
National Cheng Kung University, Tainan, Taiwan, R.O.C.
Email: CHwu@mail.ncku.edu.tw

Abstract

Among various kinds of boundary elements, the development of the boundary element for
the laminated plates started relatively later than the others. Due to the complexity of the
coupling effects raised by the unsymmetry of the laminated plates, most of the boundary
element analysis published in the literature considered only the symmetric laminates. With
the aid of the reciprocal theorem of Betti and Raleigh, the boundary integral equation for the
coupled stretching-bending analysis was just derived recently. To make the boundary
integral equations work for the programming of boundary element codes, the fundamental
solutions were derived on the basis of Green’s functions for infinite laminates. The explicit
closed-form solutions of the Green’s functions have been found around a decade ago
through the use of complex variable formalism for the general anisotropic plates. With the
boundary integral equation and its associated fundamental solutions provided in the
literature, the boundary elements for the coupling analysis of unsymmetric laminated plates
are presented in this paper. To deal with the possible singular problems raised by the nodal
forces, two different methods are employed in this study. One is the analytical evaluations in
the vicinities of singularity, and the other is the positioning of the source points outside the
laminated plates.

Keywords: boundary element, coupling analysis, laminated plates
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A second degree Newton's method in inverse scattering problem

Kuo-Ming Lee
Department of Mathematics, National Cheng Kung University
E-mail: kmlee@math.ncku.edu.tw

Abstract
The inverse problem of recovering the geometry and the physical properties of a scatterer
from the knowledge of the far field pattern of the scattered field is of fundamental
importance for example in non-destructive testing, seismic research or medical imaging. In
this talk we consider as a model the time-harmonic scattering problem from a sound-soft
obstacle B. The aim of our inverse problem is to recover the unknown scatterer from the
knowledge of the far field pattern. Based on integral equation, the scattering problem can be
formulated in the following operator form
F(0B) = u,

Indeed, for the direct problem, this equation gives the far field pattern u, from the
knowledge of the boundary 0B of the obstacle with a given incident wave. For the inverse
problem, one would like to find the unknown boundary 0B from the (measured) far field
data by solving this so-called far field equation. As opposed to the direct problem, which is
linear and well-posed in the sense of Hadamard, the inverse problem is nonlinear and
ill-posed. Hence both linearization and regularization are needed at the same time. Because
of its conceptual simplicity and accuracy of the reconstruction, Newton's method is a good
candidate for the linearization of the inverse problem. The familiar Newton's method
approximates the nonlinear operator via a linear one which is just the first derivative of the
original one. Here, by replacing the linear approximation of the nonlinear operator with a
second degree approximation, we want to investigate whether the numerical performance
can be improved. Furthermore, our second degree method can be carried out via two
consecutive linear steps. This is advantageous in the sense that the whole inverse scheme

remains in the setting of linear regularization theory.

Keywords: Newton’s method, inverse scattering, boundary integral equations method
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On the numerical resonances for water wave problems using the dual
boundary element method

I. L. Chen
Department of Naval Architecture and Ocean Engineering,
National Kaohsiung Marine University, Kaohsiung, Taiwan 811
E-mail: ilchen@mail.nkmu.edu.tw

Abstract

In this talk, the scattering problems of water waves impinging on bottom mounted
vertical cylinders are solved by using the dual boundary element method (DBEM). Both
resonances due to near-trapped mode (physics) and fictitious frequency (mathematics) are
examined. It is found that the near-trapped mode is a physical phenomenon and the fictitious
frequency stems from the numerical instability. A near-trapped mode means a localized
behavior that energy is trapped in a truncated periodical structure. Critical wave number for
the near-trapped mode and fictitious frequency of numerical instability are detected in this
work. Fictitious frequencies depend on the formulation instead of the specified boundary
condition. Both the Burton and Miller approach and the CHIEF method are employed to
alleviate the problem of irregular frequencies. Parameter study of spacing and radius of
cylinders on the near-trapped mode and fictitious frequency is also addressed. Several
examples of water wave interaction by circular and square cylinders are demonstrated to see

the validity of the present formulation

Keywords: scattering problem, dual boundary element method, near-trapped mode,
fictitious frequency
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On the construction of third-order central WENO scheme

C. S. Huang
Department of Applied Mathematics,
National Sun Yat-sen University, Kaohsiung, Taiwan
E-mail: huangcs@math.nsysu.edu.tw

Abstract
In this talk, we construct third-order central weighted essentially nonoscillatory (WENO)
schemes based on a finite volume formulation, staggered mesh, and continuous extension of
Runge—Kutta methods for solving nonlinear hyperbolic conservation law. There is no
third-order CWENO in literature since linear weights do not exit at the central point of the
uniform grid. We develop the shifted WENO reconstruction so that the linear weights exist
on the shifted grid. Numerical experiments show the usefulness of the new scheme.

Keywords: Runge-Kutta, WENO, CWENO
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Super-geometric Convergence of
Trefftz Method for Helmholtz Equation

Tzon-Tzer Lu and Kang-Ming Yan
Department of Applied Mathematics
National Sun Yat-sen UniversityKaohsiung, Taiwan 80424
E-mail: ttlu@math.nsysu.edu.tw

Abstract

In literature Trefftz method like spectral method has exponential convergence.
Recently many scholars have found that spectral method in some cases can converge faster
than exponential, which is called super-geometric convergence. Since Trefftz method can
be regarded as a kind of spectral method, we expect it might possess super-geometric
convergence too. In this talk, we like to classify all types of super-geometric convergence
and compare their speeds. We develop a method to decide the convergent type of given
data. Finally we can indeed observe the super-geometric convergence of Trefftz method on

Helmbholtz equation in many numerical experiments.

Keywords: super-geometric convergence, Trefftz method, Helmholtz equation, convergent
type
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On null fields in the boundary integral equation methods

J. T.Chen’,Y T Lee, JW Lee and I L Chen™
" Department of Harbor and River Engineering,
National Taiwan Ocean University, Keelung, Taiwan
™ Department of Naval Architecture and Ocean Engineering,
National Kaohsiung Marine University, Kaohsiung, Taiwan
E-mail: jtchen@mail.ntou.edu.tw

Abstract

Review of the BEM and BIEM development in Taiwan in the past thirty years is
introduced in the beginning (by the personal point of view). Besides, the current status of
EABE journal is reported (on behalf of an associate editor). Then, the recent advances by
NTOU/MSV for null fields in BIEM/BEM are addressed (as a head of this group).
Solvability of integral equations as well as nonuniqueness occurs in the BIEM/BEM for
boundary value problems containing degenerate scale, degenerate boundary, spurious
eigenvalue and fictitious frequency. By employing the SVD technique with respect to the
four influence matrices in the dual BEM, the degenerate mechanism can be studied in a
unified manner. True information in physics due to rigid body mode and true eigensolution
is found in the right unitary vector with respect to the corresponding zero singular value
while the spurious information in mathematics due to degenerate boundary, degenerate scale,
spurious eigenvalue and fictitious frequency is imbedded in the left unitary vector. The SVD
updating term is employed to extract the true information while the SVD updating document
is utilized to filter out the spurious information. Null field and nonzero field in the
complementary domain for the ordinary case and irregular case, respectively, are
emphasized. Treatment to ensure the unique solution is also examined. Several examples
including degenerate boundary, degenerate scale, spurious eigenvalue and fictitious
frequency are demonstrated to find null fields.
Keywords: BEM, null field, BEM/BIEM, nonuniqueness, rank deficiency, SVD
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