Contents

1 Nonequilibrium Thermodynamics and Heat Transport
atNanoscale ......... ...
1.1 Memory Effects and Generalized Entropy .............c.coooiiiie...
1.2 Second-Order Nonlocal Effects ..o
1.3 Higher-Order Fluxes and Nonlinear Hierarchy
of Transport Equations: Ballistic Heat Transport......................
1.4 Nonequilibrium Temperature and Heat Transport.....................
1.4.1 Dynamical Temperature ...........cccevvvuiiieeeiniinieeeennnn.
1.4.2  Flux-Dependent Absolute Temperature .......................
1.4.3 Comparison of Nonequilibrium Temperatures
Through Heat Pulse Experiments ...............ooceeviiiinn.
1.4.4 Propagation of Temperature Waves Along
Cylindrical NanoOwires ..........ooouueeeeiiiiieieenniinnee...
References ......oouuuiii i

2 Linear and Nonlinear Heat-Transport Equations........................
2.1 The Maxwell-Cattaneo-Vernotte Equation and Heat Waves ..........
2.2 The Guyer-Krumhansl Equation and Phonon Hydrodynamics .......
2.3 The Nonlinear MCV and GK Equations ..............ccccovviinniee...

2.3.1 Characteristic Dimensionless Numbers for Heat
Transport: Approximated Heat-Transport Equation ..........
2.4 Other Generalized Heat-Transport Equations .........................
2.4.1 The Dual-Phase-Lag Model ..............coceviiiiiiiieann.
2.4.2 The Thermomass Theory ..........cccoviiiiiiiiiiiiiiiiian.
2.4.3 Anisotropic Heat Transport .............oooeeeiiiiiiiieeennn.
2.4.4 Two-Population Ballistic-Diffusive Model ....................
2.4.5 Effective Medium Approach ............oooeeeviiiiiiiiannn.
References ......oouuiii i

N =

11
12
15

16

19
26

31
32
33
35

38
41
41
43
45
46
48
48

XVvii



XViii Contents

3 Mesoscopic Description of Boundary Effects and Effective

Thermal Conductivity in Nanosystems: Phonon Hydrodynamics...... 53
3.1 Phonon SLp FIOW .....ooiiii e 55
3.2 Size Dependence of the Effective Thermal Conductivity ............. 59
3.2.1 Nanowires with Circular Cross Sections ...................... 60
3.2.2 Nanowires with Elliptical Cross Sections ..................... 63
3.2.3 Core-Shell and Tubular Smooth-Walled Nanowires .......... 65
3.2.4 Thin Layers and Nanowires with Rectangular
Cross SECHOMNS ...t ittt 67
3.2.5 Thin Channels Filled with Superfluid Helium................. 69
3.3 Phonon Backscattering and Roughness Dependence
of the Effective Thermal Conductivity .............cceviiiiean..n. 70
3.3.1 Roughness Dependence of the Wall Coefficients ............. 72
3.3.2 Effective Phonon Mean-Free Path and Nonlocal Effects ..... 74
3.3.3 Phonon Backscattering and Conductor-Insulator
Transition.........oooiiiii i 76
3.3.4 A Qualitative Microscopic Interpretation of C’ and «'........ 79
3.4 Phonon-Wall Interactions and Frequency-Dependent
Thermal Conductivity in Nanowires ............ocoeeeeviiiiieeeennnn. 83
References ......oouiiii i 85

4 Mesoscopic Description of Effective Thermal Conductivity

in Porous Systems, Nanocomposites and Nanofluids..................... 91
4.1 Pore-Size Dependence of the Effective Thermal Conductivity ....... 91
4.1.1 Results from Classical Fluid-Dynamics: The
Correction Factors ............cooiiiiiiiiiiiiiii i, 94
4.1.2 Theoretical Thermal Conductivity of Porous Silicon ......... 95
4.1.3 AnEIT Approach........ccooviiiiiiiiiiiiiiiiiiiiiiiiiie 99
4.1.4 Microporous Films ... 99
4.2 Nanocomposites, Superlattices and Nanofluids ....................... 100
4.2.1 Thermal Conductivity of Nanocomposites .................... 101
4.2.2 Thermal Conductivity of Superlattices ........................ 102
4.2.3 Thermal Conductivity of Nanofluids .......................... 103
References ......oouuuii i 105
5 Weakly Nonlocal and Nonlinear Heat Transport......................... 109
5.1 Flux Limiters and Effective Thermal Conductivity
of Short Carbon Nanotubes................cooooiiiiii, 109
5.2 Thermal Rectification in Tronco-Conical Nanowires ................. 114
5.3 Axial Heat Transport in Thin Layers and Graphene Sheets........... 118
5.3.1 Nonlocal Heat Transport and Steady-State
Temperature Profile in Thin Layers...................c.oouuel 120
5.3.2 Thermodynamic Aspects: Second Law at the
Mean-Free Path Scale ... 125
5.4 Stability of the Heat Flow in Nanowires ..............ccccovviinee... 128

R OIENCES ..ot 130



Contents

6 Heat Transport with Phonons and Electrons and Efficiency

of Thermoelectric Generators ....................ccooiiiiiiiiiiiiie...
6.1 Two-Temperature Model for Thermoelectric Effects .................

6.1.1 Possible Estimations of the Phonon and Electron

TEeMPETAtUIE .. .o evvvetttittiititt s

6.1.2 Efficiency of a Thermoelectric Energy Generator

in a Two-Temperature Model ..o,

6.1.3 Influence of the Electric-Charge Density on the

Optimal Efficiency of a Thermoelectric Energy Generator ...

6.2 One-Temperature Models: Effects of Non-local

and Non-linear Breakings of Onsager Symmetry .....................
6.2.1 The Nonlocal Model...............cooiiiiiiiiiiiiin e,
6.2.2 The Crossed-Effects Nonlocal Model .........................
6.2.3 The Nonlinear Model ..............ccooiiiiiiiiiiiin ..
R eIeNCeS ...t

Xix



2 Springer
http://www.springer.com/978-3-319-27205-4

Mesoscopic Theories of Heat Transport in Manosystems
Sellitto, A.; Cimmelli, V. A Jou, D.

2016, XX, 170 p. 32 illus., 29 illus. in color,, Hardcover
ISBEM: 978-3-319-27205-4



	Contents

