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* Energy Harvesting

» Thermoelectricity
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Three Effects-
1.) Seebeck Effect av*

Open circuit voltage (Averaging Seebeck coefficient)
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2.) Peltier Effect
Q: atotal TH/C I

3.) Thomson Effect

Heat is proportional to
electric current and
temperature difference.
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small enough to be neglected
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e Applica




Governing Fquation
Used in COMSOL

pCP%—{+V(—KVT+aTJ)=Q

Steady state (including Joule heating)
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A thermoelectric effect node also adds :

J=—0(VV+aVT)




Governing Fquation

Terminal Voltage

P=Q,~Qc=IV
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Thermoelectric Unicouple
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Governing Fquation

* Geometry factor
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hermoelectric Unicouple

* Different shape & size of unicouple for simulation
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Dimension:- 6.22 X 2.98 x 2.215 mm?3
Tapering factor:- 0.25 & 0.5




Thermoelectric Uni |

» Temperature dependent material properties for Mg2Si

e High Seebeck coefficient measured in Ga-doped samples
e Electrical conductivity slowly increases in the whole temperature range
e Operate under large temperature ranges (250-850 K)

 Electronic thermal conductivity is much lower than the lattice
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* H. Ihou-Mouko et. al., Thermoelectric Properties and Electronic Structure of p-type Mg2Si and Mg2Si0.6Ge0.4 Compounds
Doped with Ga, Journal of Alloys and Compounds, 509 (2011) 6503—-6508.

 W. Liu et. al., Convergence of Conduction Bands as a Means of Enhancing Thermoelectric Performance of n-Type Mg2Sil-
xSnx Solid Solutions, Physical Review Letters, 108 (2012) 166601.
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Simulation in COMSQOL, IViarkeaRioden

* STEPS

Model

F\LNT Wn = = ﬁ HE Thermoelectric Effect mmmp = Stationary
Model - ‘
‘ 3D

- |@ Heat Transfer in Solids (ht)
- X Electric Currents (ec)

®— Current Conservation 1

Study 1, Stationary

Study 1, Stationary

pCu VT =V - (kVT) +0

V:1=0
| =cE + ],
E=-VVv

~ I

Sequence type:

- g Multiphysics

Bf Thermoelectric Effect 1 (teel)

Physics-controlled mesh

Study 1, Stationary & _
ement size:

|Finer

1 Heat Transfer in Solids 1

-1 YA Geometry 1

— Block 1 (blk1)

- s2= Materials 1

[+ | Done

= TELeg (Mg25i) (matl)

<4
Property MName¢ Value Unit Property gro
+! Heat capacity at constant! Cp 1540/ J(kg'k; Basic
+/| Density rho | 7700[k: kg/m® : Basic
+"| Seebeck coefficient S S(T) WK Basic
~} Electrical conductivity sigma | sigma(T; S/m | Basic
~ Thermal conductivity k k(T) W/ (m- i Basic
+/| Relative permittivity epsilo; 1 1 Basic

— [NEEE -

[= Step 1: Stationary # Data Sets

= Compute &% Derived Values

B Tables
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Voltage vs. Current

—— Rectangular
—— Trapezoidal
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Terminal Voltage (V)
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Resul

e Heat flux vs. Current
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Thanking You!
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