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B | R4 7, MEEREE, MEEE T2 YFORIBFRORRBRRIE, 2RO ERE, AOEBHRFISETT 2EMBER
THY, REDORN, YEOREVHLE, BBHGEE2PRICE EHITHENICRY RS BELHD. REETIE, LFERIG
T D ARBRROEANGE L CYEE - (LENEREZRBT 2L EHIC,
BH, FKERFIETHEETITONG.,

Z DEIBRITECFHAFEIC O WTRRT 5.

This course will

be conducted in English.

Z | In energy devices such as industrial boilers, combustion chambers, fuel cells and engines, the heat and mass transfer and
chemical reactions occur simultaneously. To analyze these interacted and complicated phenomena, it is necessary to
comprehensively consider convection flow, species mixture, mass diffusion, heat conduction, chemical reaction, etc. In this
course, the basic concept and physical and chemical meanings of thermo-fluid phenomena with chemical reaction will be
lectured. Furthermore, numerical methods and measurement techniques for analyzing these phenomena will be presented.
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FBOEEEIZ Learning Objectives

BEERERTOESE

H | ZEroX e EHHEXOEHELZEST S
IFNF-REXNCAFERDREAOEH EZEST S
- EBE - IxNF— - LEBRSREFACEREEEST S
RNFHEE C B RBOFEE2EET S

LR RISEE LT, (CRRISETNEBET S
B R, SREETE,

HET7LTY XLEBRT S

Z | To learn how to derive equation of continuity and equation of motion

ICT Usage in Learning
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To learn how to derive energy conservation equation and species conservation equation

To learn how to derive mass, momentum, energy and species conservation equations in various coordinate systems

To learn how to calculate thermodynamic properties and transport coefficients

To understand chemical reaction rate, chemical equilibrium, and chemical reaction models

To understand discretization, time marching method, and computational algorithm
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B ZEDERME O EE# / Fulfillment of Course Goals (JABEE B8:&HRIE D )

PBE| IO [ ik

ZEEHEEE Course Plan

No. 15 B Topics AZA Content
1 B | Ax0W=E [RIGHRTENZE] Lf@mr?  BITEGIOBN (R, MREBRE)
= | Introduction What is reactive thermo-fluid dynamics? To learn several analysis cases such as
combustion phenomena and fuel cell.
2 H| BRzxdxkEAERX (1) | Eroll (BEREX) OBH
~EFED A~
Z | Governing equation (1) - | To learn how to derive equation of continuity (mass conservation equation).
equation of continuity -
3 H | BRzExdxEARR (2) | BBHAHERX (BEHERER) OFH, Newton DD XL L EFHERROWER, EE
~EHHEA~ WHITONT
Z | Governing equation (2) - | Tolearn how to derive equation of motion, and understand Newton's law of viscosity,
equation of motion - concept of momentum flux and substantial derivative.
4 H| BReEdXEARRK (3) | TRALF—REXOEH, Fourier DEMEEDER|
~IRLF—REFER~
Z | Governing equation (3) - | To learn how to derive energy conservation equation, and understand Fourier's law of
energy conservation equation | heat conduction.
5 H| BRzExdXEARR (4) | LFEADMREX (ZRHOOEERER) OB, Fick DILHDER]
~ L FER D RER~
= | Governing equation (4) - | Governing equation (4) - species conservation equation -
species conservation equation
6 B | 8EEZERTOXEAER FHI FEER, AREEZER KEERTOEE - BEHE - THALF— - LEERH R
FROEH, Chain rule 12 & % EEZL R
% | Governing equations in each | To learn how to derive mass, momentum, energy and species conservation equations
coordinate system in Cartesian, cylindrical and spherical coordinate systems, and understand the
coordinate transformation technique based on chain rule.
7 H | 2hh3ES L EX R BE (HEANXLELNEK), oK, kA, Trai—, RE, BE, MUEREK 2z
BE, HERBOHE
& | Thermodynamic properties | To learn how to calculate concentration (mass and molar fractions), partial pressure,
and transport coefficients specific heat, enthalpy, temperature, mass density, viscosity and thermal conductivity.
8 H | tZRGEETIL CZRISRE LML EFE, BREROETL, S$EHlRE ERIG) ETL
Z | Models of chemical reaction To learn chemical reaction rate and chemical equilibrium, and understand overall and
detailed reaction models.
9 B | #EfimE (1) ~BBULF | BRESE EBREESE, Taylor BRICEZ2ERE, a3 ba—-KRYa-L4LILLD
B~ ER
% | Numerical analysis method (1) | To learn finite differential method and finite volume method, and understand the
- discretization - formulation techniques using Taylor expansion and control volume.
10 B | #EfEimE (2) ~EREST | BBk & Adams-Bashforth %, SIMPLE j& & SIMPLER i%&
EEHETLTY X L~
& | Numerical analysis method (2) | To learn explicit method and Adams-Bashforth method, and understand SIMPLE and

- time marching method and

SIMPLER methods.
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computational algorithm -
11 | B | RIGHRGEoEN (1) WRBETR D $AE AT

% | Analysis of reactive thermo- | To learn numerical analysis of combustion phenomena.
fluid (1)

12 | B | RIGHERGEOEN (2) BRRLEE It PN 3R O EVR AR AR AT

2 | Analysis of reactive thermo- | To learn thermal fluid analysis in fuel cell.
fluid (2)

13 | B | RISHRRGEOFAFE (1) | RFEHRDERAEEPIV), L—¥BREHELIF), KRAUZELEEL —HPRINS K E
~ L —HISAFHAI~ (TDLAS)

Z | Measurement technique of | To learn laser-based measurement techniques such as particle image velocimetry
reactive thermo-fluid (1) - | (PIV), laser-induced fluorescence (LIF) and tunable diode laser absorption
laser diagnostics - spectroscopy (TDLAS).

14 | B | REERREOANFER (2) | FEFIVF 7774, BHSERBGRE (MR, X#&CT
~ AR~

Z | Measurement technique of | To learn visualization techniques using neutron radiography, magnetic resonance
reactive thermo-fluid (2) - | imaging (MRI) and X-ray CT.
visualization -

15 | B | #EcHRHR RELGZBLTOEED

Z | Summaries and term exam To summarize the course content.

[ Bkt Prorequisites) ]
=
ES

BNF, RENZOERAFEZBEL TWDEIENLEE L.

Students are desired to have the fundamental knowledge of thermodynamics and fluid dynamics.

W
il

sE®E
R. B. Bird, W. E. Stewart, E. N. Lightfoot, "Transport Phenomena (revised 2nd ed.)", John Wiley & Sons, Inc. (2007).
ANZA V. REVH—F, KAEFEXR, FAERAR (221 —RICL2888 & RNOBERNT], FHILHER (1985).
EHAMA, [REROMREHF], 304 (2002),
BA#EEE R TMEOMEE] AE (2001).

Reference book:

(1) R. B. Bird, W. E. Stewart, E. N. Lightfoot, "Transport Phenomena (revised 2nd ed.)", John Wiley & Sons, Inc., (2007).
(2) S. V. Patankar, "Numerical Heat Transfer and Fluid Flow", CRC Press, (1980).

(3) T. Ueda, "Fluid Dynamics in Reactive Systems", Corona Publishing, (2002).

(4) The Japan Society of Mechanical Engineers, "Numerical Simulation of Combustion", Maruzen, (2001).

B | BEIINTLZ2FEORREFPARABROBIE T T 2. ZNolcHT 2HREIEIE, 50%, 50%THD. A5tmh 60 R %
B ET S,

3= | The performance evaluation will be based on the scores of preparations and term exam. The percentage of evaluation will
be 50% for preparations and 50% for exam. Students are required to have a total score of 60 points or higher to pass the
course.
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