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SERZE /Faculty
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Science  and

S EERBIE/Availability

/& : /Available

5% /Field /% Et I % : /Academic Field of | #EX/Year /1~ 2% : /1st through 2nd
Engineering Design Year

S22 /Program /EE M IBE B IR ¢ /Master's Program of | %2H/Semester /&S H] : /Spring term
Mechanophysics

248/ Category /RERIB : /Courses 2 3 i8R /Day & Period | /A 2:/Mon.2

# B1E#/Course Information

B &S 62301201

/Timetable Number

REES 62360101

/Course Number

BA7#/Credits 2

BB /Internship &E /IGP

IR RE ##&E : Lecture

/Course Type

2 7 X /Class

BRERBL FIGHETE S Reactive Thermo-Fluid Dynamics

/Course Title

BEYHKEL /PaE #AN : /NISHIDA Kosuke

/ Instructor(s)

% Dfih/Other A R—=>y TR EH RIS 0 — X326t | PBLEMAIE /Project | DX EARIE

Based Learning

/ICT Usage in Learning

@)

EERBODHIHEICLD
RIB /Practical Teacher

R AUBE74
/Numbering Code

BEDBHK - 12 /Objectives and Outline of the Course

B | £4 7, RERE, MEESL TV FORSHEAORRBRRIE, CLE2RICERE, ROEHLERICETS 2EMERER
THY, REDRN, VEOREVHE, BBHLE2PERICE EHITHRENICRY RS BELNH S, RFEETIE, LFERIG
ZHD BRBIRROELNGE ZFCYEN - CLENBRERAT D L EHIC, ZORERITECEAFEICOVWTERT 2.
B, FEERFE2THEEBTITONS,

% | 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.
This course will be conducted in English.

FEDEERIE /Learning Objectives

BEEZRTOES -
RNFHEE CBERBOFELEZESET S

L RGRE LALHTE, (CERICETVEEET 2
BEBULF %, RERETE,

B | ERoX e ESHHIREAOEREZEET S
IANF-REALMPERIREAOELE2EET S
EHE - TxLF— - LPERIREFRAOELEZEST S

HAETLTYRLEERT S

Bt

To learn how to derive equation of continuity and equation of motion
To learn how to derive energy conservation equation and species conservation equation
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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

Y

BE2DERE O FHEE# / Fulfillment of Course Goals (JABEE ES&ERIB D &)

B | IO | ik

REETEIER /Course Plan

No. IEH Topics AZ Content
1 H | #x0BE [RIGHERTEDFE] Cmr? BRI OBA (R, MREBRR L)
= | Introduction What is reactive thermo-fluid dynamics? To learn several analysis cases such as
combustion phenomena and fuel cell.
2 H | BRerxdxmARER (1) ERoX (E2REFERN) oEH
~EREDH~
Z | Governing equation (1) - | To learn how to derive equation of continuity (mass conservation equation).
equation of continuity -
3 H | BRexdxmARRK (2) B AR, (EFHEFRER) OEH, Newton Ot LB BEFGHEFREOWS, £E
~EHHEA~ WHITONT
Z | Governing equation (2) - | To learn how to derive equation of motion, and understand Newton's law of viscosity,
equation of motion - concept of momentum flux and substantial derivative.
4 B | BRaXxIXBARR (3) | TRILF—RERXDEH, Fourier DEMEED LA
~IALF—RER~
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 | BRexdxmARR (4) CFEERDRER (ZHROOEERER) OEH, Fick DILEIDER
~ L FBADRFA~
Z | Governing equation (4) - | Governing equation (4) - species conservation equation -
species conservation equation
6 B | $EEERTOXEHER ThILNEZESR, AREER, KEZRTOEE - BHE - TrILF¥— - LEERDE
FH OB, Chain rule |Z & % FEI2Z5 i
& | Governing equations in each | To learn how to derive mass, momentum, energy and species conservation equations
coordinate system in Cartesian, cylindrical and spherical coordinate systems, and understand the
coordinate transformation technique based on chain rule.
7 H | BAhFEE & EnkfRi BE (HENXRLETANEK), HFE, i, Trzie—, BRE, BE, HERYE Mz
B, IEGRBOFE
% | Thermodynamic properties | To learn how to calculate concentration (mass and molar fractions), partial pressure,
and transport coefficients specific heat, enthalpy, temperature, mass density, viscosity and thermal conductivity.
8 H | t2EREETIL CRRIGRE SALFFE, BERGET L, S$MRE ERIE) ETL
%= | Models of chemical reaction To learn chemical reaction rate and chemical equilibrium, and understand overall and
detailed reaction models.
9 B | #ERTE (1) ~BE8EF | AREDESEREESE, Taylor BRICK2ERML, avbo—L-FKYa—-LICLkD
i~ E Mt
ZE | 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 | #uEmirs (2) ~FSHEET | BEE L Adams-Bashforth 7%, SIMPLE ik & SIMPLER %
EEEETILIY X L~
Z | Numerical analysis method (2) | To learn explicit method and Adams-Bashforth method, and understand SIMPLE and
- time marching method and | SIMPLER methods.
computational algorithm -
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11 B | RISHEEREOREN (1) WRIGETR D B ARAT

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

12 | B | RISHEREORENT (2) BRRLEE 1t P 3R O BN AR AR AT

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

13 B | RIGHRREOFHAIFE (1) HWFEGRRRAEEPI), L—YFREHKLIF), BERAUZEFEEL —HFRINSKE

~L —HISAEHA~ (TDLAS)

% | 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 | RiEERFAEOFHFE (2) RHTFIIOFT T T4, BESEBESKE (MR, X#RCT

~AIfR~

% | 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 | BE kR BRE2ETBLTCOELD
Z | Summaries and term exam To summarize the course content.

B4 /Prerequisite(s)

H

ES

RERBBNFE (8 - 15F%) /Required study time, Preparation and review

B | 0%, RENZOEBRMEBEZELTVWEIENEE L,

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

HRIE SEZE /Textbooks/Reference Books

H | &2&:

R. B. Bird, W. E. Stewart, E. N. Lightfoot, "Transport Phenomena (revised 2nd ed.)", John Wiley & Sons, Inc. (2007).

ANZ N RV H—2, KAFEXR, FAEAR, 21— RICL BB ETNOBERNT], FRILHER (1985).

BHEAA, [RIGRORENDF], 3051 (2002).

BAMET <R oM EE], fE (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).

PRIEEHE D iRk O EAEE /Grading Policy

B | BEICHTZ2FEORAEFPRAROME CIHET 2. N HICHT 2EAEEE, 50%, 50%TH S, Btmh 60 AU %
EikLT 5,

I | 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.

B Z=18% /Point to consider

H |[S:R:I=5:3:2

® |S:R:I=5:3:2




