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Structural Optimization Design and Performance of filled Skutterudite-Based
Thermoelectric Devices
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(State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute of Ceramics, Chinese
Academy of Sciences, Shanghai 200050, China)

Abstract: The topologic structure of filled skutterudites (SKD)-based thermoelectric device was designed via full-parameter
simulation. The influences of topologic structure factors and interfacial electrical resistance on the module output performance (i.e.,
conversion efficiency and output power density) were investigated by numerical analysis. An 8-pair module with an optimized design
was fabricated using p-type CeFesgsMng 15Sby; and n-type Yb,3Co,4Sb, filled skutterudites. The maximum conversion efficiency and

output power density are 9.8% and 1.42 W/cm?, respectively.
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Table 1 Details regarding material parameters used in the simulation

Sample Thermal conductivity/(W-m ™K ™) Electrical resistivity/(Q-m) Density/(kg-m ) Description
AIN 200 3260 Insulating ceramic plate
MosoCuso 250 2.67x10°° 9540 Hot-side electrode
Ag-Cu-Zn 401 1.68x107° 8300 Hot-side brazing filler
Ti-Al 219 5.26x107 4500 Barrier layer
Ni 90 6.25x10°° 8910 Contact layer
SnSb 55 1.14x107 7260 Cold-side solder
Cu 380-260 (at 3-150 C) 1.68x107 8920 Cold-side electrode and heat-flow meter
AlLO3 30.3-9.1(at 100-600 C) 8 940 Insulating ceramic plate
Glue 1.7 Heat conduction
82.60 583.6
90 7708 %0 577.0
7336 580 570.4
68.74 570 563.9
64.12 557.3
5 5950 , 260 550.7
=, 5488 =, 550 544.1
~ 5026 = 537.5
45.64 531.0
41.02 524.4
36.40 517.8
A4,/4 - Jmm-! O'3i /mm-!
Apn : Apn
(a) Cold-side electrode temperature 7 (b) Hot-side electrode temperature T}
547 19.1
536 21 17.5
525 18 16.0
514 14.4
503 15 12.9
492 114
agp 212 9.84
469 < 9 8.30
458 6.77
447 6 5.24
436 3 3.70

0.5

.0 03 0.4
A4, 2 E
p/ 3.0 0.1 02 /f:“ /mm™!
(c) Effective temperature difference AT (AT=Ty—T) (d) Heat flux of hot-side electrode Oy

B3 p.on BRI L A4, Bl v PS5 BB AR L HI A 8 S8 RO FEE 2341 LA R 5
Fig. 3 Influences of the cross-sectional area ratio 4,/4, and height-cross sectional area ratio H/4,, on the temperature distribution
and heat flow

0.160 19.20
0.158 17.62
0.155 16.03
0.152 14.45
0.149 12.86
0.146 & 11.28
0.144 £ 9.690
0.141 o 8.105
0.138 6.520
0.135 4.935
0.133 3350

(a) Open-circuit voltage Vo, (b) Device internal resistance Rjy.

4 pon FREEREETIAN b A /A, S R L S BT AR L HA oS 851 FEE BE RS2

Fig. 4 Influences of the cross-sectional area ratio 4,/4,, and height-cross sectional area ratio [/4,, on the device performance
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dimension as a function of heater temperature
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