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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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Advanced Topicsin Transport Phenomena
Advanced Topicsin Transport Phenomenad English lecturel

0000dO00ooD10HOO3 DO OO0 oOoooooooon0 oooooooooooo ooooo
00000 O0bhOo0oD015 00000000 O00bOo0ooOOobO oboooboooo
00000 000000000 Department of Chemical Engineering, Professor, Ryoichi Y amamoto

000000000 O After genera introductions on the flow properties (Rheology) of polymeric liquids as typical
examples of non-Newtonian fluids, the relationship (known as the constitutive egquation) between strain rate and
stressis explained. In addition to classical phenomenological approaches, molecular approaches based on
statistical mechanics will be taught in this course. To this end, basic lectureson “ Langevin Equation”

“ Hydrodynamic Interaction” , and“ Linear Response Theory” will also be given.

0000000000000 D0D0OOAnswersto several questions and exercises, which will be given during the
course, are used to judge.

0000 O O To understand strength and weakness of both phenomenological and molecular approaches to
formulate general behaviors of non-Newtonian fluids mathematically as forms of constitutive equations. Also to
learn mathematical and physical methodol ogies necessarily to achieve this.

ggoooooog

00 00 gooo
Shedding lights on the nature of polymeric liquids in comparisons with simple
- Polymeric Liquids/ 6 Newtonian liquids. Various formulations on the characteristic behaviors of
Rheology polymeric liquids based on both empirical and molecular approaches are
lectured.
- Stochastic Process / 3 To deal with Brownian motions of particlesin solvents, alecture on Langevin
Langevin Equation equation is given after some basic tutorials on stochastic process.
- Green Function / To deal with motions of interacting particlesin solvents, alecture on the
Hydrodynamic 2 hydrodynamic interaction is given after some basic tutorials on Green function
Interaction and Poisson equation.
Understanding 1
Check

0O O 00 O Transport Phenomena 2nd Ed., Bird, Stewart, Lightfoot, (Wiley)

0000 0O 0O Introduction to Polymer Physics, Doi, (Oxford) Theory of Simple Liquids 4th Ed., Hansen,
McDonald, (Academic Press) Colloidal Dispersions, Russel, Saville, and Schowlter, (Cambridge)

0000 0O 0 Under graduate level basic knowledge on “ Fluid Mechanics/ Transport Phenomena’” and basic
mathematicsincluding “ Vector Analyses’ arerequired.

oooooo(ooooo)oo
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0000 (00000000 )D000000000 2000000000
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0Odoooogi1oco/6e OOOO0ODODOOOODOOOODOD ODOoOoOoOooDoOoOooo
0000000 200 DOOOOC3-0O0osS500000200000000 ogOoobooogooo
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0000000000 This course provides fundamentals of magnetohydrodynamics which describes the dynamics
of electrically conducting fluids, such as plasmas and liquid metals. The course covers the fundamental equations
in magnetohydrodynamics, dynamics and heat transfer of magnetofluid in a magnetic field, equilibrium and
stability of magnetized plasmas, as well asillustrative examples.

goboobooobooobooboboboboooboobuooboo
0 15000000000000D0O0

0O 0O 0 0O O O The students can understand fundamental s of magnetohydrodynamics which describes the dynamics
of electrically conducting fluids, such as plasmas and liquid metals. Moreover, the students will figure out the
applications of magnetohydrodynamics to the various science and engineering fields.

gooooboooobo

0o 0o oooo
1. Introduction and Overview of Magnetohydrodynamics

2. Governing Equations of Electrodynamics and Fluid Dynamics
3. Turbulence and Its Modeling
Liquid Metal MHD 7 4. Dynamics at Low Magnetic Reynolds Numbers
5. Glimpse a MHD Turbulence & Natural Convection under B field
6. Boundary Layers of MHD Duct Flows
7. MHD Turbulence at Low and High Magnetic Reynolds Numbers
1. Introduction to Plasma MHD
2. Basic Equation of Plasma MHD
3. MHD Equilibrium
4. Axisymmetric MHD Equilibrium
5. Ideal MHD Instabilities
6. Resistive MHD Instabilities
7. MHD Wavesin Plasmas
8. Student Assessment

Plasma MHD 8

0 0 0O 0O O The presentation document will be distributed at the lecture.

O0O00000P.A. Davidson, “ An Introduction to Magnetohydrodynamics,” Cambridge textsin applied
mathematics, Cambridge University Press, 2001

U 000 O d Fundamental fluid dynamics and electromagnetics should be learned prior to attend this lecture.
oooooo(ocoooo)oo
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small areas. The cell microanalysisis agood example of these applications, while other applications of similar nature can be extended to awide
range of engineering fields. The basics for understanding and applications of synchrotron radiation are the same as those of x-ray spectrometry,
which has been well developed during the twentieth century and iswidely applied to various fields of science and technology, including
biology and medicine. What makes a synchrotron radiation x-ray source very useful for analytical works, especially for biological applications,
are the very high brilliance and energy variability of the x-ray beam.
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0000000000 Thislectureisdesigned for the students who want to gain their knowledge and
understanding on transport phenomena associated mainly with convective flows with chemical reactions. It starts
with a brief review of undergraduate level subjects followed by more advanced discussion on heat and mass
transfer with reactions. The reactions of interest in the lecture include combustion (oxidation), reforming and
electrochemical reactions. As the reactions may proceed on catalysts, the discussion covers the catal ytic surface
reactions, reactions in porous media as well as gas phase reactions. The students are expected to have learned
fundamental s of Fluid dynamics, Thermodynamics and Heat transfer during their undergraduate courses.

00000000000 000000OGradeevauation is based on attendance, short reports and one's term paper
submitted at the end of the semester.

0000 0 0O Starting from the basic heat and mass transfer, the lecture aims to expand the students
comprehensive understanding on transport phenomenain physicochemical processes including thermochemical
and electrochemical reactions.
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