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Optimizing the Geometric Structure of a Thermoelectric Cooler with
Multi-objective Constraint

Zhang Xiaobo Xu Xiangguo

(Key Laboratory of Refrigeration and Cryogenic Technology of Zhejiang Province, Institute of Refrigeration and Cryo-
genics, Zhejiang University, Hangzhou, 310027, China)

Abstract The influences of the geometric parameters of a thermoelectric cooler on its cooling capacity and COP have been previously in-
vestigated under assumptions of a constant input current and fixed temperatures of hot/cold ends. However, in this paper, constant exter-
nal heat exchanging conditions, instead of constant temperatures of hot/cold ends, were assumed, and the influence of each geometric pa-
rameter (number of thermo-couples and the ratio of the length of a thermo-element to its cross-sectional area) on the cooling capacity,
COP, and cold end temperature were analyzed. The physical implications of each effect are given in detail , revealing the coupling between
these parameters. Based on the analyses, in addition to the constraints of the cooling capacity, the COP, and cold end temperature on the
selection of the geometry parameters considered, a novel design diagram was developed for choosing the best geometric structure of thermo-
electric coolers with a multi-objective constraint. This diagram can obtain the optimal geometry parameters under different requirements
both quickly and clearly. For example, under the boundary conditions set in this paper, when the cold end temperature is 280 K and the
cooling capacity is 15 W, there is an optimal solution to the geometric parameters. However, when the cold end temperature is 240 K and
the cooling capacity is 100 W, there are no geometrical parameters that can satisfy both the cold end temperature and the cooling require-
ments.

Keywords thermoelectric cooling; multi-objective optimization; cold end temperature; geometric parameters

PR ORI SRS e A (18 1) A2 Hh
N XF pn Sl 1 B IR 7 OB HEAE—, p 45 F1 n 45
39 P P LA A [R] 26 DL v BB R R, A
P PRI 2o S ph T 2R N 28R B A7 A, A A ) 4
S-SR, IR S B F Y, RSk
] V4 55— JBCH V4 19 A 3 DX T s ANl A & 571, 352
Az pF, 2 E R E T /NG, A ER R T

SR H - E K TR (2016 YFB0901404) BB H . (' The
project was supported by National Key Research and Development Program

of China(No.2016YFB0901404). )

PER3 A BT A mW R3] kW 2R84k, v T 2
A[3520 ~ 150 ¢ PRI, 2 SARHIA 7 S b 7 A
WA T N R, I N
-l (B URAR T o) 45

FEX 2 S AARTHIE R R A 5 RN 3G (COP)
LA KB, AR5 R AR 3 i .

1) B SR B A B A LS50 pn 45

ks H 91.2017 455 3 15 H



$£39% H3IH
2018 £ 6 H

Z BIRARTHE2EHL R ILAEBRSHNRLIRT

Vol. 39, No. 3
June, 2018

pl |n| [p| [n

B 1 £3EHE R

Fig. 1 Thermoelectric cooler
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Fig. 2 System of a thermoelectric cooler
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