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Thermal Science and Engineering
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Introduction to Advanced Fluid Dynamics
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KULASIS




G-ENGO07 6G411 LJ77

< > |Fuid Dynamics for Aeronautics and Astronautics

) 2019 4
[ ]
[ ]
How to
[ ]
Euler 5 1 2. 3.
5. 6.

Riemann 4 1. Burgers Riemann 2. Euler

3. 4. Euler Riemann

.3 ,1. Godunov 2.Lax-Friedrichs 3.Lax-Wendroff 4.
5.

.3 1. 1.Riemann 2. Euler
3. Navier-Stokes 4.

[ ]

A.J. Chorin amp J.E. Marsden: A Mathematical Introduction to Fluid Mechanics,R.J.Leveque: Finite Volume
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< > | Design of Complex Mechanical Systems

2 2019 3

Design of mechanical systemsin the future will require developing novel technologies that are able to
achieve a harmonized and symbiotic relationship with the environments.This lecture elucidates mechanical
phenomenon that realize autonomous adaptation in harmony with the environment, especially with respect to
material systems characterized by microscopic structure and macroscopic properties, living organism systems
with diversity and self-repair, human-machine systems characterized by interaction and coordination, etc.
Therein, complex behaviors emerge being caused by complex interactions at different spatio-temporal scales.
This lecture provides a number of governing principles of such complex

mechanical phenomenon, and then introduces methods for utilizing those phenomenon to design flexible and
adaptive artifacts whose constituent parts are able to alter their functions in response to the surrounding
environments.
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< > |Dynamica Systems, Advanced
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The knowledge of dynamical systemsis extremely important in mathematical sciences and applied
mathematics. This course provides an outline of dynamical systems theory, which isatool to understand and
analyze nonlinear phenomena such as bifurcations and chaos, and enables you to gain better understandings
of these phenomena and applications by using a numerical bifurcation analysis software.

To understand fundamental theories of dynamical systems and acquire the ability to apply them to concrete
problems.
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1.
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(1)
2 AUTO
AUTO (1)
(1)
2
2
AUTO 2
(2
3)

1. QOutline of dynamical systems theory

Bifurcations (1)

Chaos (1)

2. Practices of numerical bifurcation analysis by the software AUTO
Overview of AUTO and itsinstallation (1)

Boundary value problems (1)

Bifurcations of equilibria and fixed points (2)




Bifurcations of periodic orbits (2)

Numerica analysis methods used in AUTO (2)
Homoclinic orbits (2)

Invariant manifolds (3)

Calculus, Linear Algebra, Differential Equations and Elementary Computer Programming
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J. Guckenheimer P.Holmes Nonlinear Oscillations, Dynamical Systems, and Bifurcations of Vector
Fields Springer  1SBN:978-0-387-90819-9
JM. Meiss Differential Dynamical Systems SIAM ISBN:978-0-89871-635-1

S. Wiggins Introduction to Applied Nonlinear Dynamical Systems and Chaos Springer 1SBN:978-0-
387-00177-7

K.T. IT.D. 1JA. 1 | SBN:978-4-621-06542-6
K.T. IT.D. 1JA. 2 |SBN:978-4-621-06543-3
K.T. IT.D. 1JA. 3 | SBN:978-4-621-06540-2
M.W.Hirsch, S. Smale, R.L.Devaney — — 3

ISBN:978-4-320-11136-3

http://indy.cs.concordia.ca/auto/( AUTO)
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< > |Mathematical Analysis, Advanced
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The aim of this courseisto provide students with knowledge of advanced mathematical analysis methods for
used with the nonlinear models to students. In this lecture course, the integrable systems are introduced as
exactly solvable nonlinear models and discussed from various points of view. It is aso shown how atypical
numerical algorithm is constructed from an integrable system. We a so give an e ementary introduction to the
computer algebra system.

[ ]

. Sturm-Liouville

Lotka-Volterra

SN NN ey pu

9. Kdv Lax pair

15.

1. Introduction of exactly solvable nonlinear models (integrable system)
2. Theory of orthogonal polynomials

3. Sturm-Liouville eigenvalue problems

4. Spectral transformations of orthogonal polynomials

5. Toda lattice equation and orthogonal polynomials

6. Discrete integrable systems and numerical algorithms




7. Discrete Lotka-Volterra equation and SVD agorithms
8. Solutions on the semi-infinite lattice or the finite lattice.
9. KdV equation and Lax pair

10. Darboux transformation

11. Rational transformations and the bilinear equations
12. Determinantal identity

13. Discrete analogue of the KdV equation

14. Ultradiscrete analogue of the KdV equation

15. Box and ball systems (soliton cellular automata)

Y. Nakamuraet. al. Mathematics of Integrable Systems
(2018) Asakura-Shoten 2018 [SBN:978-4-254-11727-1
Y. Nakamura (ed.) “ Applied Integrable Systems’
(2000) Shokabo2000 (in Japanese)

web http://www-is.amp.i.kyoto-u.ac.jp/lab/tujimoto/maadv/
tujimoto@i.kyoto-u.ac.jp

The course web page is located at http://www-is.amp.i.kyoto-u.ac.jp/lab/tujimoto/maadv/
If you have any questions on this course, please email to tujimoto@i.kyoto-u.ac.jp
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