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Introduction Variable Properties Transient

Thermoelectricity

*Study of the coupled transport of
electrical and thermal energy.
*Solid-state phenomenon requires no
moving parts or working fluids, and
generates no noise, torque, or
vibrations.
*As a result thermoelectric
devices are extremely reliable.
*Power Generation
*Spacecraft, automotive,
aerospace, gas pipelines, well
sites, and offshore platforms.
*Refrigeration
*On chip cooling, electronics, and
automotive.
*High reliability, low conversion
efficiency.

Spacecraft Power

*Radioisotope thermoelectric generators
(RTG) have powered 45 spacecraft.

*\Voyager (1977), Ulysses (1990),
Cassini (1997), New Horizons
(2006), and Curiosity (2011).

Lange et al. Energy Conversion and Management 49 (2008) 391-401.
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Thermocouple Irreversible Thermodynamics

Heat absorbed *1931 Lars Onsager discussed
coupled irreversible processes to
st unify thermoelectric phenomena
v, ST into a single study.
o . Pty ‘ p *Study results in two transport laws
ety emsciond i for a thermoelectric conductor.

electrical
connection
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Classic Model Classic Parameters
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Classic Model Classic Parameters
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Parameters
Conversion Efficiency (%) AgLy
: ' ~ Aulp

R

Solution Parameters

_ ALy
 AgLp

X

1+ Z(Xopt)Tan

Mackey et al. Applied Energy 134 (2014) 374-381. (Sg — S,)?

(&
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Variable Properties Model Asymptotic Expansion
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Variable Propertief
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P-Type S, [1/K]

Conversion Efficiency 6.15%

S(T) = 5@ = §(So + €S1ATT)

Analytic Couple Modeiing

Conversion Efficiency 6.30%

Variable Seebeck

Max Conversion Efficiency [%], Fixed Average Seebeck

0.5 6.4

o

035 0

N-Type S, [1/K]
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Conversion Efficiency 6.69%

Variable Thermal
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Conversion Efficiency 6.10%

Variable Resistivity

Max Conversion Efficiency [%], Fixed Average Elec. Resistivity

05
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-05 0 05

p(T) = = = A(po + ep ATT)

N-Type p, [1/K]
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Variable Property Model Summary

Material Property Temperature Conversion Sensitivity
Dependence EfflClency (K)
Thermal Conductivity 0.60

Absolute Seebeck Coefficient ’]‘ 0.25
Electrical Resistivity T 0.08

An

Sensitivity = m
1

Conversion Efficiency 6.69%  Conversion Efficiency 6.30%  Conversion Efficiency 6.10%
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Transient Model
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Transient Model Green’s Function Solution
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Transient Model Green’s Function Solution
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_. ' pn Solution
Periodic Qn/Off Design Guideline
Operation

Ly _V2a+1
Lp  2a-1 Lu(x) = f(x)

a
a=1+—B
ay

Hot Shoe Temperature (K)

u(x) = f G(x, )f (§)de

200 400 600 800 1000 1200
Time (sec)

Transient Parameters

Thermal diffusivity r o GaugLip
AB —

2
factor- Lavg

Cycle Efficiency (%)

_ Hagy,

I' (Dimensionless) Inductance factor- b= RL(ng
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Conclusion

* Asymptotic expansions are an effective
means of understanding thermocouple
behavior.

* Conversion efficiency is most sensitive to
thermal conductivity temperature
dependence.

* Thermal diffusivity factor

* Governs transient operation of a
thermocouple, with an ideal value of
unity.

* Inductance factor

* Governs the balance between
thermal and electrical inductance.

of r31ty

P4 CASE WESTERN RESERVE

S|UNIVERSITY — gor 826
think beyond the possible®

Acknowledgements

Tom Sabo, Ray Babuder, Ben
Kowalski

NASA Glenn Research Center/
Case Western Reserve University

Dr. Sabah Bux, Dr. Jean-Pierre

Fleurial
JPL

NASA Cooperative Agreement:
NNXOS8AB43A

NASA/USRA Contract:
04555-004

Analytic Couple Modeling




