C ONTEMPORARY

'MATHEMATICS

Moving Interface Problems
and Applications in
Fluid Dynamics

Program on Moving Interface Problems
and Applications in Fluid Dynamics
January 8-March 31, 2007
Institute for Mathematical Sciences
National University of Singapore

Boo Cheong Khoo
Zhilin Li
Ping Lin
Editors

American Mathematical Society




http://dx.doi.org/10.1090/conm/466

Moving Interface Problems
and Applications in
Fluid Dynamics



C ONTEMPORARY
IMATHEMATICS

466

Moving Interface Problems
and Applications in
Fluid Dynamics

Program on Moving Interface Problems
and Applications in Fluid Dynamics
January 8-March 31, 2007
Institute for Mathematical Sciences
National University of Singapore

Boo Cheong Khoo
Zhilin Li
Ping Lin
Editors

American Mathematical Society
Providence, Rhode Island



Editorial Board
Dennis DeTurck, managing editor
George Andrews Abel Klein Martin J. Strauss

2000 Mathematics Subject Classification. Primary 34-XX, 35-XX, 49-XX, 65-XX,
74-XX, 76-XX, 92-XX.

Library of Congress Cataloging-in-Publication Data

Moving interface problems and applications in fluid dynamics : January 8-March 31, 2007, the
Institute for Mathematical Sciences, National University of Singapore / Boo Cheong Khoo, Zhilin
Li, Ping Lin, editors.
p. cm. — (Contemporary mathematics ; v. 466)

Includes bibliographical references.

ISBN 978-0-8218-4267-6 (alk. paper)

1. Fluid dynamics—Mathematics—Congresses. 2. Interfaces (Physical sciences)—
Mathematics—Congresses. 1. Khoo, Boo Cheong, 1958~ II. Li, Zhilin, 1956— III. Lin, Ping,
1963-

QA911.M68 2008
532/.050151—dc22 2008015355

Copying and reprinting. Material in this book may be reproduced by any means for edu-
cational and scientific purposes without fee or permission with the exception of reproduction by
services that collect fees for delivery of documents and provided that the customary acknowledg-
ment of the source is given. This consent does not extend to other kinds of copying for general
distribution, for advertising or promotional purposes, or for resale. Requests for permission for
commercial use of material should be addressed to the Acquisitions Department, American Math-
ematical Society, 201 Charles Street, Providence, Rhode Island 02904-2294, USA. Requests can
also be made by e-mail to reprint-permissionQams.org.

Excluded from these provisions is material in articles for which the author holds copyright. In
such cases, requests for permission to use or reprint should be addressed directly to the author(s).
(Copyright ownership is indicated in the notice in the lower right-hand corner of the first page of
each article.)

© 2008 by the American Mathematical Society. All rights reserved.
The American Mathematical Society retains all rights
except those granted to the United States Government.
Copyright of individual articles may revert to the public domain 28 years
after publication. Contact the AMS for copyright status of individual articles.
Printed in the United States of America.

The paper used in this book is acid-free and falls within the guidelines
established to ensure permanence and durability.
Visit the AMS home page at http://www.ams.org/

10987654321 13 12 11 10 09 08



Contents

Preface vii

A single-cell-based model of multicellular growth using the immersed boundary
method
R. DiLLoN, M. OWEN, AND K. PAINTER 1

Numerical simulation of gas bubbles rising in viscous liquids at high Reynolds
number
J.-S. Hua, P. LiN, AND J. F. STENE 17

A high order finite difference scheme for the Stokes equations
K. ITo AND Z. QiA0 35

An efficient y-model BGK scheme for multicomponent flows on unstructured
meshes
S. JiaNG AND G. N1 53

An implicit-forcing immersed interface method for the incompressible
Navier-Stokes equations
D. V. Lg, B. C. KHOO, AND Z. L1 73

The nucleation and growth of gas bubbles in a Newtonian fluid: An energetic
variational phase field approach
A. NaABER, C. Liu, AnD J. J. FENG 95

Critical fields of liquid crystals
X.-B. PaN 121

The transient motion of buoyant bubbles in a vertical Couette flow
J. PALACIOS AND G. TRYGGVASON 135

Issues of immersed boundary/continuum methods
X. S. WaNG 147

A finite element method for interface problems with locally modified
triangulations
H. Xig, K. ITo, Z. L1, AND J. TOIVANEN 179



Preface

The program on Moving Interface Problems and Applications in Fluid Dynam-
ics was held between January 8 and March 31, 2007 at the Institute for Mathemat-
ical Sciences (IMS) of the National University of Singapore. The program topics
included modeling and simulations of biological flow coupled to deformable tis-
sue/elastic structure, shock wave and bubble dynamics and various applications like
biological treatments with experimental verification, multi-medium flow or multi-
phase flow and various applications including cavitation/supercavitation, detona-
tion problems, Newtonian and non-Newtonian fluid, and many other areas. The
speakers and participants included academicians, laboratories, and industries from
a number of countries and many leading scientists in different areas. The program
also provided an opportunity for young and junior researchers and other scientists
to present their research results. More information of the conference can be found
on the conference website:

http://www.ims.nus.edu.sg/Programs/fluiddynamic/index.htm.

This special issue collected some of the contributions from the speakers and
participants of this program.

The program had four tutorials conducted by Robert Dillon (WSU), Zhilin Li
(NCSU), John Lowengrub (UCI), Frank Lu (UT-Arlington), and Gretar Tryggvason
(WPI). The lectures given at these tutorials will be published by World Scientific
as a volume of the IMS Lecture Notes Series. A short course designed specifically
for graduate students from the Association of Southeast Asian Nations (ASEAN)
was also taught by Zhilin Li.

The program was sponsored and supported fully by IMS. Without the support
of IMS, it would not have been possible to have such a high level event. For this, we
would like to express our thanks to the director and staff of IMS and also to other
local organizers. We would also like to thank the Proceedings of Contemporary
Mathematics, US-AMS for making this special issue possible.

Boo Cheong Khoo, National University of Singapore
Zhilin Li, North Carolina State University, USA

Ping Lin, University of Dundee, UK
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This volume is a collection of research papers presented at the program on Moving
Interface Problems and Applications in Fluid Dynamics, which was held between January
8 and March 31, 2007 at the Institute for Mathematical Sciences (IMS) of the National
University of Singapore. The topics discussed include modeling and simulations of biolog-
ical flow coupled to deformable tissue/elastic structure, shock wave and bubble dynamics
and various applications including biological treatments with experimental verification,
multi-medium flow or multi-phase flow and various applications including cavitation/
supercavitation, detonation problems, Newtonian and non-Newtonian fluid, and many
other areas. Readers can benefit from some recent research results in these areas.
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