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D’on venim?

Typical Energy Split in Gasoline Internal Combustion Engines

25% Effective Power:
Mobility and Accessories

100%
Aplélr:ifg:rUQ 5% Friction and Parasitic
Losses
(Combustion)
30% Coolant

40% Exhaust Gas
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On anem

Wheels

energy co Radiation : 5%

Cooling system

- . .
%\\’ heat2power in action

Typical power flows in a Exhaust - 24%
combustion engine

(Walues for audomotive gasaling engings)
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\—Nova relacio amb I'energia

No més creixement ilimitat

World Population Growth

billions
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8 raglons
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6 regions.
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Lchva relacio amb I'energia

Economia sostenible
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Sostenibilitat = Equilibri
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Una mica de termodinamica

Maquines termiques

Eff@A) = (T, - T/ T> Carnot Engine Cycle
Isothermal i | sothermal

Adiabatic
2

Adiabatic

Isothenual

Comgression \\ Isothermal ot 1
sirlee Combustion

P : T |
Power stroke

l Adiabatic

4 \ Adiabatic
Exhaust V\ R
stroke 3 4 3

P-V Diagram T-5 Diagram
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Eficiencia
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Termoelectrics

Heat absorbed

Substrates ‘

5.+ Current
"~

Thermoelectic
elements Metal ~___Extemal
interconnects™ electrical
connection

Heat
flow

© Nature Publishing Group
Jeff Snyder, Caltech
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Termoelectrics

Heat source
P n
U m1-& g
Heat sink W=1-R (4)
I
L /NVWWA
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Figura de merit

B (1_ Ta) VI+ZT -1
1 Tu) VI+ 2T+ L

oS?T
Kp + Ke

ZT =
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Eficiencia Classica
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LUna mica de termodinamica

Materials utilitzats
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Aplicacions classiques

gl MHW - RTG . .
| = (2 PLACES)
HEAT SOURCE
END CAP (PuO2)

SEAL RING

SiGe
UNICOUPLE

O\ . = _
Mo/ASTROQUARTZ
MULTI-FOIL
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Formes de millorar el ZT

oS°T

Kp + Ke

ZT =

Reduir conductivitat termica (k)
Augmentar conductivitat electrica (o) o el Seebek (S5)
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Formes de millorar

Insulator  « Semiconduct + Metal

Sc

1
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Free carrier concentration (m-3)

Electronic
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Lattice
contribution
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Com millorar?

Aleacions SiGe. No trencar |'estructura cristalina
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Com millorar?

Modular el dopatge
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Cicle de Carnot. General
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Aplicacions futures
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Aplicacions futures

249 kWatt N
Engine Horsepower

!

196 kWatt thermal
@ 62% load
34% extracted \ 12 KW / 249 KW
to TEG /'~ =4.8%
67 kWatt thermal i
@ 62% load
=4.4%
18% converted to | after accounting for
electrical energy fan and pump power

12 kWatt electrical |
@ 62% load r
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Aplicacions futures

Termosolar de concentracio (MIT)

sunlight
Kconcentrator ’)
Selective
surface
m Skutterudite
P stage

m Bi,Te,
2 stage

Heat sink
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Aplicacions futures

Termosolar de concentracio (MIT)
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Aplicacions futures

Baix cost de fabricacié i manteniment
Baix nivell de conentracid
Poc material necessari

Permet I'enmagatzemament d'energia termica
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— Nanotecnologia

Estrategies de millora
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L Nanotecnologia

Estrategies de millora
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Estrategies de millora
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Estrategies de millora
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Estrategies de millora
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Estrategies de millora

Si,,Ge,(L)




Energia i societat

L Nanociencia

Limit difusiu

p = const; Kk = const (8)

Equacié de difusié
oT
— = -AV°T 9
5 (9)
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L Nanociencia

Limit bal-listic

—
R = const; G = const (10)
Equacié d'ones
0?T A
—— =-——V°T (11)

ot? C,1
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L Nanociencia

Conductivitat efectiva

Equacié de Maxwell-Cattaneo

2T 10T N,
or tolh T 12
oz Trot - caV (12)
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Conductivitat efectiva
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L Nanociencia

Conductivitat efectiva

In the diffusive regime

K = Ko (14)
In the ballistic regime
kol cv
= —— = L 1
"TTUT 3 (15)
6= (16)
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Superxarxa difusiva

Rtot = Rl + R2 + nRB
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Superxarxa bal-listica




Energia i societat

L Nanociencia

Superxarxa
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L Nanociencia

Coherent Phonon heat conduction in Superlattices
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Figura: Luckyanova et al. Science 338 (6109), 2012



Energia i societat

L Nanociencia

Situacions no estacionaries

L'equacié de Guyer Krumhansl

T% FG=—AVT +LclyV3G (20)

Combinat amb la conservacié de I'energia

dT
i v 21
Cdt V-q (21)

ens porta a

PT  oT , .
TW—FE——gv T+aV-Vq (22)
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Situacions no estacionaries

i - _ 2 2=
rom oo = VT +av Vg (23)
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Equacié de Guyer - Krumhansl|

Modes en serie parallel
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Equacié de Guyer - Krumhansl|

KINETIC REGIME

Kinetic Movement

RESISTIVE Scattering dominates: Only Energy is conserved.
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Equacié de Guyer - Krumhansl|

ZIMAN REGIME

Collective Movement

NORMAL Scattering dominates: Energy and Momentum conserved.
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Equacié de Guyer - Krumhansl|
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L Nanociencia

Equacié de Guyer - Krumhansl|

m La termodinamica de no equilibri sembla la clau per a la
comprensié dels sistemes a nanoescala

m El comportament colectiu sembla donar una tensio al
sistema que determina la mida de les particules
(coherencia)
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Equacié de Guyer - Krumhansl|
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L Fononica

Rectificador térmic

Siy, Ge, (L)
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Rectificador




nergia i societat

L Simulacions

Nanopilars

VMD 1.9 OpenGL Display
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Nanocables
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Rectificador térmic
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Millora del codi

m Els valors obtinguts no corresponen amb els experimentals

m Hi ha problemes en els integradors (termodinamica)
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