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II. Modeling.

lll. Results.

Thermoelectric materials transform heat into electricity, and vice-versa.

Cold side

Thermoelectric
pellets

Hot side

/T determination: Measurement of individual properties.

S = Seebeck coefficient.
o = Electrical conductivity.
k = Thermal conductivity.

Nano-structuration increases

efficiency of thermoelectric
materials.
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II. Modeling.

lll. Results.

Direct ZT determination
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Introduction.

lll. Results.

Thermoelectric equations

. . . . . p = density
Field equation Constitutive equations o = electrical conductivity

aT S = Seebeck coeficient
_ . — — N . [M]=T-S = Peltier coefficient
P ¢ ot +V q ¢ q= [H] J [k] VT € = dielectric permitivity
oD ] — [0-] ) (E - [S ] ’ VT) C = specific heat capacity
. | = _ . T = absolute temperature
4 (] + ot ) 0 D = [8] E @ = heat generation rate
J = current density vector
E=-— V(P E = electric field vector
Coupled-Field equation

- Au PDE ()

aiT 5 2 51\ _ o 517\ — P12 4 ~OTT
PCS V((fa T+ A)VT) VEZSTVV) = o ((VV)2+aVTVV) ‘ Match equations
V(oaVT) + V(a¥V) = 7 ([e]7S7) with PDE of

(Antonova et al., Finite elements for thermoelectric device analysis in ANSYS, ICT (2005)) COMSOL module

: Heat convective coefficient: h = 10-100 W/Km?
Convection effects

with Heat Transfer Box of air:
COMSOL module e Heat equation for fluids.
» == Conjugate Heat Transfer » Effects of gravity for air.




. Introduction.

lll. Results.

* Geometry:
Thin Films

|-

e Variable thickness.
 With and without electrodes
and electrical wire.

Nanowires

Boundary conditions:

Top side temperature and
voltage evolve freely.

* Bottom side fixed at
293.15 K (heat sink)
and grounded (V=0).

* Variable diameter.
e Length 20pm.
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lll. Results.
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Seifert, W., Ueltzen, M., Miiller, E.; One Dimensional Modelling of Thermoelectric Cooling; phys.stat.sol. (a)
194, No.1, pp 277 — 290; 2002
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*  Sample Temperature and voltage evolution during 10mV, 0.1 s, pulse.
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Dimension vs Frequency

Thin films Nanowires

High (f.,;) and low (f,;) frequencies needed for ~ fur in nanowires is extremely high to be
experimental Harman determination of ZT measured with typical experimental devices.
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Modeling.
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 Development of thermoelectric COMSOL
module for time dependent simulations.

* Elucidation of experimental conditions to
measure nanostructures with Harman
technique.
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