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Course Objectives

Direct numerical simulations of complex flows are now viewed as a third pillar for scientific discovery, due to
high-speed computers and advanced algorithms. In many fields including multiphase flows, direct numerical
simulation provides a rigorous research tool by solving first-principle governing equations. High-performance
fluid-flow simulation is an area of rapid growth and is interdisciplinary covering physics of fluid flows,
algorithms, and parallel implementation, etc. This course is designed for students to quickly learn and
compare various simulation methods and to obtain some hands-on experience.
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Teaching Methods

Overview of computational methods for viscous flows including finite difference, finite-volume, finite
element, spectral, and mesoscopic Boltzmann-equation based methods. Treatment of fixed and moving
solid-fluid and fluid-fluid boundaries. Example codes to study physical and numerical issues such as
numerical convergence, accuracy, and stability.
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Course Contents

Section 1 Direct numerical simulation of viscous flows at finite Reynolds numbers using finite
difference based methods.

Section 2 Direct numerical simulation of viscous flows at finite Reynolds numbers using finite-volume
based methods.

Section 3 Direct numerical simulation of viscous flows at finite Reynolds numbers using finite element
based methods.

Section 4 Direct numerical simulation of viscous flows at finite Reynolds numbers using spectral
based methods.

Section S Direct numerical simulation of viscous flows at finite Reynolds numbers using mesoscopic
Boltzmann-equation based methods.
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Section 6 Immersed boundary methods for fluid interfaces

Section 7 Structured grid methods for solid particles

Section 8 Finite element methods for particulate flows

Section 9 Lattice Boltzmann methods for multiphase flows

Section 10 Discussion of some example codes provided by the instructor.
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Course Assessment

(OF#ZIER Form of examination; Q.70 #HMI Ak grading policy; © WNTH [l ASEME T, 7B
XN If the course is open to undergraduates, please indicate the difference. )

1.no final exam

2. Homework problems 30%
Midterm exam 20%
Article review 10%
Computer project 30%
Class participation 10%

3. There is no difference between undergraduate and graduate students.
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Textbook and Supplementary Readings

J.H. Ferziger and M. Peric, Computational Methods for Fluid Dynamics, 3rd edition, Springer, 2002;
R.H. Pletcher, J.C. Tannehill, and D.A. Anderson, Computational Fluid Mechanics and Heat Transfer, 3nd
ed., CRC Press, 2013.




