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The aim of this study was to understand nonequilibrium phenomena in dense
gases and liquids, which is described beyond the assumption of local thermodynamic equilibrium. We
achieved this by constructing a theory based on Rational Extended Thermodynamics (RET) and applying
it to the analysis of sound wave propagation. We obtained the following main results:

(i) We developed the RET theory for dense polyatomic gases in which the effect of the bulk viscosity
is significant. We derived characteristic velocity and specifically investigated its upper and
lower bounds, density dependence, and temperature dependence for van der Waals gases.

(i1) Using the derived RET theory, we analyzed the dispersion relation of sound waves. In
particular, we successfully demonstrated that the experimental data of sound absorption in liquefied
carbon dioxide can be well described by RET compared to conventional hydrodynamics theory, thereby

validating the theory.



Navier-Stokes-Fourier NSF
NSF

Thermodynamics; RET [I. Mu~ller & T. Ruggeri (Springer, 1993)]

Boltzmann
RET

Sugiyama (Springer, 2015, 2021)]

RET

RET
(¢D) RET
RET
O]
(i)
(Giii)
(iv)
O)
RET
@ RET
€Y}

©)

@
(¢D) RET

RET

RET

Rational Extended

[T. Ruggeri & M.

@iv)



RET

principle[T. Arima, T. Ruggeri, M. Sugiyama, Phys. Rev. Fluids, 2 (2017)]
RET
RET
RET
RET

) RET

Pennisi & T. Ruggeri, Ann. Phys. 377 (2017)] Boltzmann-Chernikov
15

principal subsystem [G. Boillat & T. Ruggeri, Arch. Rat. Mech.
137(1997)] 14 6

IO Boltzmann

RET

@) RET

@

principal subsystem Euler
sub-characteristic
van der Waals
van der Waals
van der Waals
principal subsystem

characteristic

®
€))

van der Waals
van der Waals 3)

Duality

[S.

15

Anal,

)

sub-



van der

Waals
Peng-Robinson

NSF
RET

@

RET

15



7 7 5 4

Arima Takashi Carrisi Maria Cristina Pennisi Sebastiano Ruggeri Tommaso 3

Relativistic Kinetic Theory of Polyatomic Gases: Classical Limit of a New Hierarchy of Moments 2022

and Qualitative Analysis

Partial Differential Equations and Applications 39
DOl

10.1007/s42985-022-00173-4

Arima Takashi Carrisi Maria Cristina Pennisi Sebastiano Ruggeri Tommaso 24

Relativistic Rational Extended Thermodynamics of Polyatomic Gases with a New Hierarchy of 2021

Moments

Entropy 43 43
DOl

10.3390/e24010043

Arima Takashi Carrisi Maria Cristina Pennisi Sebastiano Ruggeri Tommaso 137

Which moments are appropriate to describe gases with internal structure in Rational Extended 2021

Thermodynamics?

International Journal of Non-Linear Mechanics

103820 103820

DOl
10.1016/j - ijnonlinmec.2021.103820

Arima Takashi Ruggeri Tommaso 6

Molecular Extended Thermodynamics of Rarefied Polyatomic Gases with a New Hierarchy of Moments 2021

Fluids 62 62
DOI

10.3390/Fluids6020062




Arima Takashi Ruggeri Tommaso Sugiyama Masaru 378
Rational extended thermodynamics of dense polyatomic gases incorporating molecular rotation and 2020
vibration
Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering 20190176
Sciences
DOl
10.1098/rsta.2019.0176
Arima Takashi 70
Characteristic velocity and dispersion relation of linear waves in extended thermodynamics of a 2020
van der Waals gas
Ricerche di Matematica 285 298
DOl
Takashi Arima Masaru Sugiyama 2132
Dispersion Relation of a Rarefied Polyatomic Gas with Molecular Relaxation Processes Based on 2019
Extended Thermodynamics
AIP Conference Proceedings 130007

DOl

12 2 2

, Tommaso Ruggeri

77

2022




, Tommaso Ruggeri

2021

2021

Recent Developments of Nonequilibrium Thermodynamic Theories of Gases

2020

2020

2020

2020

2020




Arima Takashi

Dispersion Relation of a Rarefied Polyatomic Gas with Molecular Relaxation Processes Based on Rational Extended
Thermodynamics with 15 Fields

20th Conference on Waves and Stability in Continuous Media

2019
Ruggeri Tommaso
2019
2019
Ruggeri Tommaso
65 22
2019

T. Arima, T. Ruggeri and M. Sugiyama

Rational Extended Thermodynamics for Molecular Relaxation Processes in Rarefied Polyatomic Gases

31st International Symposium on Rarefied Gas Dynamics

2018




75

2019
T. Ruggeri
2018
2018
T. Ruggeri
2018
2018







