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A fp L@ a4 College-level dynamics, thermodynamics, fluid dynamics, heat transfer,
continuum mechanics, circuits, and control systems.
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Thermoacoustic dynamics is governed by the perturbation of conservation laws. In the field of fast-
time acoustics, rather than the field of bulk motions of fluid, elastic behavior happens, which generates
mechanical and thermal potentials due to compressibility. In uniform flow, the mechanical energy and
disturbance energy therefrom are conserved storages, being able to be served for functional analysis.
However, as the mean-flow is of spatial variations, the mechanical or disturbance energy is no longer
conserved storage, but surprisingly the dynamics is still in harmonics. It is therefore necessary to define
new storages for thermoacoustics and to derive the conservation laws based thereon. Such storages also
lead to the least-action principle that widens application scope. Once thermoacoustics has its own
conservation laws and least-action principles, it is heightened up to be an independent branch of science.
This course will present this new science within one semester of context.
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1. Reaching the laws of thermoacoustics needs college-level background on thermodynamics, fluid
mechanics, structural mechanics, and analytical mechanics. In the first few weeks, this course will
provide quick recitation on fundamentals of these aspects of mechanics.

2. Two famous applications will be deeply investigated: thermoacoustic propulsion and combustion
instabilities.

3. Likely, thermal-inertial characteristic in some materials, besides thermal potential, will appears in the
fast-time heat transfer. Therein, entropy-flow replaces the heat-flux as the thermal flow in the
fast-time field.

4. Compute thermoacoustic responses with commercial application packages such as COMSOL.

N 1. College textbooks of the assembly of mechanics
AL 2 . . . :
(i 2. A series of research papers related to thermoacoustics, thermoacoustic engines, and
combustion instabilities.
RE &gt

T HniE A . o x s
il TEVEICNY TECr NN LEECE

eacnin . . , , . 20

" Mxgaes W Hxspy e

materials
RE 2z s i 22 4 o erap 4 V3T B 8

cenchi | R W) 2sh BE2crgwd BAVHEESY

eaching CLESEh mERE

methods




=ga1: WYY S W % Lg% Rl k& S
Evaluation [Il:fs 7% [ ¢ 2 [P AHF2 | ERiE
tools e [JHe
KE TR
teaching [Pz WERHIFHETF  WFV e
resources
ﬁwwwaa#ﬁﬁ
instructor’s
. ) www.tfa-1985.org
information
Az A A fe P i A
A R R wig (A (viE | HE i
Introduction - Historical accounts on the theory of 3 D1,D2,D4
thermoacoustics
- Historical accounts on applications of
thermoacoustics
Laws of - Reynolds transport on mass 6 D1,D2,D4
Thermoacoustics |- Hook's theorem on gas medium
- Hamilton's principle on gas medium
- Reynolds transport on entropy
Functio_nal ) &negr?r;ln ovr?/eea:‘?egtzw 12 D1,D2,D3,
Analysis Mechanical energy D4,
- The least action principle
Thermoacoustic |- Feedback realization of dynamics 8 2 1 D1,D2,D3,
engines - Porous media dynamics D4
- Onset non-dimensional parameter
- Frequency responses -based design
Combustion - Thermal-acoustic coupling loop 8 D1,D2,D3,
instabilities - Flame dynamics D4
- Swirling condition
- Describing function
Laws of - Reynolds transport on mass 6 D1,D2,D4
Thermoacoustics |- Hook's theorem on gas medium
- Hamilton's principle on gas medium
- Reynolds transport on entropy
Functional - Uniform mean-flow 12 D1,D2,D3,
Analysis - Mean-fl_ow effects D4,
- Mechanical energy
- The least action principle
- The Rayleigh criterion
- The Reynolds-Rayleigh criterion
Thermoacoustic |- Feedback realization of dynamics 8 2 1 D1,D2,D3,
engines - Porous media dynamics D4
- Onset non-dimensional parameter
- Frequency responses -based design
Combustion - Thermal-acoustic coupling loop 8 D1,D2,D3,
instabilities - Flame dynamics D4
- Swirling condition
- Describing function
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1 Thermoacoustics and its hisortical accounts and modern
significances
2 Thermodynamics recitation
3 Fluid dynamics recitation
4 Heat-to-sound dynamics 1 HW#1 assignment
distributed
5 Heat-to-sound dynamics 2
6 Rayleigh Criterion 1
7 Rayleigh Criterion 2
8 Modal analysis
9 Midterm examination
10 Mechanics in porous media
11 Heat transfer in porous media
12 Sound-to-heat dynamics in porous media
13 Numerical solver of COMSOL HW#2 assignment
14 Feedback dynamics of self-excited thermoacoustic engines
15 Design self-excited thermoacoustic engine based on
frequency-domain technique
16 Thermoacoustic dynamics in combustion chamber
17 Demonstration of combustion instability
18 Final examination
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