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Fluid and engine

Un corps
solide , une barre métallique, par exemple,
alternativement chauffée et refroidie, augmente
et diminue de longueur , et peut mouvoir des
corps fixés a ses extrémités. Un liquide alter-
nativement chauffé et refroidi augmente et di-
minue de volume et peutvaincre des obstacles
plus ou moins grands opposés a sa dilatation.
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Non endoreversible: Onsager (1931)
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Efficiency or Power
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“"Coupling Ohm’s law and Fourier’s law”



The Volta Story

Alessandro Volta
18 February 1745 — 5 March 1827)

1794 --- 1795: Letter to professor Antonio Maria Vassalli (accademia delle
scienze di torino) "...limmersed for a mere 30 seconds the end of such arc
into boiling water, removed it and allowing no time for it to cool down, resumed
the experiment with two glasses of cold water. It was then that the frog in the
water started contracting, and it happened even two, three, four times on
repeating the experiment till one end of the iron previously immersed into hot

water did not cool down".



Thermal & Electrical coupling.
0

e 1: Adiabatic.

e 2: Isothermal.

e 3: Adiabatic.
C e 4: Isothermal.

 Reversible adiabatic transport of the carriers. (isentropic)

* The convective part contribute to the entropy transport...

* ... but not the conductive part .( leak)

* => Reduce the conductive part and increase the convective part .

* The electical conductivity shoud be large.

*=> Yes but by increasing mobility only.



What is a good TE system?
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Fully reversible Fully irreversible
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‘ The perfect engine : when entropy becomes conservative.




Nodal model: presentation
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Nodal model: Onsager description
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Y. Apertet, H. Ouerdane, O. Glavatskaya, C. Goupil et Ph. Lecoeur, EPL 97 (2012)
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http://iopscience.iop.org/0295-5075/97/2/28001/

Nodal model: resulting picture
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http://iopscience.iop.org/0295-5075/97/2/28001/

Thermoelectric Prandtl number

a’T

Ko = Ky +
‘ﬂv = ° (R + Rload)

Kinematic viscosity momentum diffusion Influence of the fluid velocity profile
= ; A = ; - on the temperatures profile.
" Thermal diffusivity heat diffusion P P
2
K AT aT LT
Op = = =

© KAT  Ky(R+Rpa) 14 A

The thermoelectric Prandtl number is controled by the electrical load !
(Electrical feedback on the dissipative properties, including thermal)

The Prandtl number is maximal in short_circuit (or more...).

LT

The maximal power is obtained for half this value : Op —
TE(R:RIoad) 2




Impedance matching

Electric adaptation

Thermal adaptation
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See also:

M. Freunek et al., J. Elec. Mat. 38 (2009)
K. Yazawa et A. Shakouri, JAP 111 (2012)
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The thermal adapatation is fundamental
for correct working conditions!

Y. Apertet, et al. EPL 97 (2012)



http://www.springerlink.com/content/n7g93r41u5611388/
http://quantum.soe.ucsc.edu/sites/default/files/yazawa_JAP2012.pdf
http://iopscience.iop.org/0295-5075/97/2/28001/

1rst order harmonic response
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Small signal analysis
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Small signal analysis
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frequency?



Generalization: Closed loop



General system: non endoreversible

A TSource T

source
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Tsink Taink The system is mainly driven
- by its thermal boundary
R AT conditions which defines the
th = 7 feedback factors.
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,-... _ C. Goupil et al.
AT = AT Ry /(R + Rp) PHYSICAL REVIEW E 94, 032136 (2016)



Feedback effects

Aox = AX/AT.

/ temperature-potential feedback \

Aor = Ix/AT.
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Working modes
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Application: Thermoelectricity
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Application: Thermoelectricity

RLoad — Rin ACL (Current) The maX|ma|

power Is not
obtained for

RLoad:Rin

But for

RIoad = Rin T RTE

Feedback

A., (power) A., (voltage)

Y. Apertet et al. Physical Review B vol. 85, 033201 (2012)
Y. Apertet et al. Europhysics Letters vol. 97, 28001 (2012)




Experimental: Thermoelectricity

Extra dissipation
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of the Thermal to

Electrochemical potential

feedback coupling.

(Etienne Thiebaut’s PhD)



Ratchet approah



Feynman ratchet model

R.P. Feynman, R.B. Leighton, and M. Sands,
The Feynman Lectures on Physics |
Addison-Wesley, Reading, (1963), Chap. 46.
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Linearization & thermoelectric model
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Power budget
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Extension to non-linear model
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Non-linear model & efficiency

Parameters : > X : Force
> 1:Flux
dx
* Rdyn = - a
_ XO — X
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®* Y : coefficient de répartition
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