#39% &2
2022 4 4 A

it WO o i

Chinese Journal of Computational Mechanics

Vol. 39, No. 2
April 2022

DOI: 10. 7511/js1x20210122003

ST RAEERNRER B REMRA B R EI

)«HJ""El’ 3[4’%':%19

H,

£ &, RAKAE

(1. R R e 4 45 4 20 BT [ 28 o SE B 28 . RO 11602452, PR R RALBETF RS2 BT . TR FH 110035)
W ERERREMSMAERG AR BRMAERRA R ST EAEE NN AR TR b g R

ERHATELE. ENZEAREGH ARG R PA A BB REMHT 7 @RA MR,

AR B R R

TETHREAFNEBEZARRAEREARM R T &, BAOANANTEA AR TRYMERB AL R
Ry ety kARG E S URAR KA A p LA TEZRE AR BN R (K E
SR T ERR GRS EEMBE N RAE, AREA AT LR ERBRE R TR M0
FRTIENEDPWREERRB T EGW MBI R NMELHEFENR BRI ST . FERR G AR
HRhBEMCT, ZARARABZRAEAAREARRBT M TN RE.

XER.BEZRA B mEEE AR MM REESR
FESES 0224 XERFRERG A

1 5]

T 25 & P = — ORI 20 68 R ARk 1 A H R
B AR L BB H R B 450 K% . BB
SR A A 77 A L T8 HE B O T A B S
AT R 2 R R R AR A AR Bk A B R AT
55 R G 00 v 4k 3l 25 B iy B 858 S AR AL ) PE — 3
B R AR AT S R A AR I Bk A RRL I AR
FH bt B A R i W AT SRS . Sajid AN 5
T TARREHEARSZMAT 23 Fhild2 kB R5H#H
HLEE R AR 3. 52 %0 I IR 1%, I
I I R P 2 405803 1 T 2R 25 K L R e I
F FE DR 2R oy i ot LA 2 40 8 3 Ay 1 Sk
M BIF 58 4R

PETHIR 2 K B R G A SCR R AR T
PR R A AR S OB B AR, PR A
R RE R OR 5 D R MR (E ZT 2
WORFRCHA SN ZT HA 68 HAT = 1Y P % 454
R, EMEINEHMEASTAH 200 ZHEM D%,k
BEAT B AR ORI MR AN S . RAR S
W= RWIAT ZT (ARG 42 e 9 A b R 1 3
A L TR N AT T I 3 22 A L Pk R Y ) A, PR
U, Gy G4 2 b (ol FH B AR R R R 4 T 1A

i

S EHE.2021-01-22; 18 R U 20 HH #3 . 2021-02-10.

ESHmA . HEHAREIES (11972105; U1808215511821202) 5
ook R R S AR BT Al 55 B L IR A BT A

E& B KK (1976-) . 5 il 4 B8, A= S0
(E-mail;: yczhang(@dlut. edu. cn).

XEHE.1007-4708(2022)02-0161-09

PR ORI 5 — E 8RR %5 W E
FEAE T AN T, — 1 4 R R R 1
ARV BT i 11 £ B I YT ¥ B i 1 3R L 3
VA AR ity 1) T 22 5 DT B2 THR 22 & L A B 1) A
T & S ) AR S DR GE E
AR, A KR BB S 8 IR 22 & L B4
B0 AR B R AR B AR LA S B0 B L
ooy RAHCRA AW L bR B
2T %ot il 8 75 A A SRR A [ R R AE A TR 3 B X
AL ZT A BRKMART . HIiTE 4 AR T ZH/
PeAk Ty 2% TR AL S A e 1 L AT 2 B0 AS [R) TR
DX 18 A EEL A A} A A H R R T I A T
1115 2 42 63 b b R 1) me K A L B 6 B g L B TR 22
LA BR (G P e el . SR L DL AR 2R R T
R AT

AR 25 & OB H i & s AR /N, RO AR
N, EPRIRZ LB R G AR 2R 22 K i
K. AV PR X A 3 B A R R AR Y
SIS FEAR S IR A A A R B
KHEE, 40 Weng 453 iof X 7 42 R A IR R 5
HOE D5 BRFTT & B, 25 HEAUE I R Ui Loy A
BB Bk & i B R B 3G, Favarel 28000 58 5 5
BT H T R 25 % A AR 4E = R B R A B A R O U AE
R A A% IR A R A PE R, BRSE 5 LT 8 AR
HLRR B I & HL L T 16 S BEE ) & HL i . Huang
EDUAE IR 25 % M R G Pt HE A BT TR [ 4 A G A
RSB, TE S T A ) A5 JR B4 & L T R



162 it & A

%39%

. DL ST R BR T M AT B O S8 A X EE 4y
B 8k RGO DT k04T A B SR BT

SR 22 A RGEBEBAT SR Ak T 2R
A RE 73 AT 7 ik A X ) AR Y py A A O v . il
22 KWL R GER PR BE 20 BT 9 L v 2R P i 1) A% A8 0
LA S S BB i AR B R 2 AL T S B EL
RELLARAT A e B E 2 O i A OB A5 R ik TR
AL 7 XE LU o SCHRL 22 T8 57 TR 28 K
RGEUETH AR IR T s A Bk AL 4
AR (9 /N5 RO R 5 L SR T AN BE B B B
A JRy o7 B A R

ST R SO S AR 25 e AR G A
T o A R A S DG A [ A A 4 3 5 FEUR L R R B
XM 5 1 %07 3k AT PR B i 2% e v AR G
AE - I RE S 78 70 PR B i A et A5 e A J=) X 28 8 19 52
i 5 SR i o T8 % B 1 X il 25 R L R G P R AR R
BEBAG SR A 3l T8 $ 278 45 E B BB ST RS
P 2508 T B SR DA R 3 0 R G i A R &
HL ) 235 R o U 1 A S 2 AR A TR T R i B X A
JRRAG BT 52 WA L O %) 45 SR BEAT T 40 4 # . AR O
WEFE AT LA i 22 A L R g i it i it 4R =

2 BREAHBRRZERGE

AL i vt 1) = 4 ik

R2ERBRGER G WIE 1 PR, RS sk
HEL AP 0 A PR A R AT BT A R R Y
P 45 R T OB Sy #3613 Ok 11 44
o R AR R R 9 i £ R 22 L B e AR B A
AR AE PR A 55— i (R O v i) 3% 426 T AR i »
RHERLRE . AR R B 2 [ i A R —
A JF 2 e S 0 FL B 97 48 TR Ao ) [T . 9
A8 EELBEL 70 29 /0N AT LA T I 4 A B R
P8 FEL VAL » 52 B e e ) i ) L IR

PR

— PG

AR 3K
B 1 2R REL
Fig. 1 Thermoelectric power system
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Fig. 3 Layout optimization problem design variable
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Fig.4 Simplified thermoelectric module model
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Tab.1 Reference thermoelectric module geometry and material parameters-?’
E22S FEN g B/ pv oK1 HBHR/107°Q m PR/ Wem 1 K™! RAF/mm
Ve AR 18 40400, 8
] L 1.75X10°% 387.6 3.8X1.4X0.3

p B —0.00424T2+43. 016367 —305. 16 —1.3348X10 °T2+40.01748T —2.9564 4. 8482X10 °T2—0.0322T+6.949 1.4X1.4X1.6

n PGB 0.00203T2—1.40396 T +23. 98

—1. 6384 X10 °T240.01681T —2. 61

3.07X10 °T2—0.02031T+4.722 1.4X1.4X1.6
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Fig.5 Numerical simulation model
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Fig. 6 Meshes of the structure
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Fig. 7 Genetic algorithm optimization process
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Tab. 3 Calculated parameters

S8 I
PR wo/mes™! 5
W SIRE To/K 700
B g Te/K 300

# B H/mm 24

F& 5 W/mm 15
KJE L/mm 180

R BEJE 11 /mm 2
JEATREIR 12/ mm 1
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Tab.4 Genetic algorithm parameter setting
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Tab.5 Thermoelectric module layout with

different number of design variables
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Fig. 9 A comparison of the two layouts schemes
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Tab. 6 Thermoelectric module layout under different air velocity (700 K)

biRzs . s EEHmTEVE AT RIE 2EmEZFTENE AT RIE DRETH
Jme s Petb s R it or & 1% % W W /%
2 [T D B 2.3157 5.5188 1.1117 1.9804 78. 1
3 H B B B | 2.7925 5. 3819 1. 6288 2. 4652 50. 8
4 H B B B | 3.1224 5.7024 2.0764 2.8914 39. 3
5 HE B B B | 3.3911 5.4823 2. 4836 3.2358 30. 3
6 H B B B B | 3.6122 5.6814 2.8598 3.5864 25.2
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Tab.7 Thermoelectric module layout under different air temperature (5 m/s)

R . . . EEHTEHE MATRICE @EHETRIE WA RIER URETH
/K BAeds At s /% /% /W /W /%
500 B R B 1. 8880 3. 7476 0.7167 1. 0404 15.2
550 e EEE B 2.2980 4. 4448 1. 0790 1. 5360 42,4
600 H B B B | 2. 6852 5.0405 1. 4989 2.0790 38.7
650 B B B B | 3.0497 5.5301 1.9695 2.6525 34.7
700 Bl B B B | 3.3911 5. 4823 2. 4836 3.2358 30. 3
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Optimization design of thermoelectric system module layout
based on genetic algorithm

FENG Yi-mang', KONG De-kui', BI Shi-quan®*, CUI Hao?, ZHANG Yong-cun™'
(1. State Key Laboratory of Structural Analysis for Industrial Equipment,
Dalian University of Technology.Dalian 116024, China
2. Shenyang Aircraft Design & Research Institute,Shenyang 110035, China)

Abstract; Thermoelectric generation has important potential applications such as power supply in extreme
aerospace environment, waste heat utilization in automobile and others. However, their wide scale
applications have been hindered due to low its thermal-to-electrical conversion efficiency. At present,the
performance improvement is mainly made from two aspects; improving the material performance and
optimizing the thermoelectric module structure. In this paper,a method of module layout optimization of
a thermoelectric generator based on a genetic algorithm is proposed. By combining the existing analytical
models,a performance evaluation method which can quickly obtain the electricity generation of the
system is developed. Through the genetic algorithm, the thermal-to-electrical conversion of waste heat
gas is taken as an example to realize the layout (number and location) design of the modules in the
thermoelectric generator. The influence of waste heat gas flow velocity and temperature is discussed.
Comparing with the fully covered thermoelectric module layout design,the optimized design achieves a
higher electric power with fewer thermoelectric modules, which proves that including too many
thermoelectric modules can have a negative effect,and that there is an optimal number and location of
thermoelectric modules. This study provides a possible way to improve the electric output power in

thermoelectric generation.

Key words: thermoelectric generator;genetic algorithm;layout optimization;thermoelectric module
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