564 5H 10 BT O B ¥ HOR Vol. 56,No. 10
20224E10 H Atomic Energy Science and Technology Oct. 2022

AEERS R BRERXBFNAESH

wORLEARL ERASVHEE R ETLRAM,
MEE EXE LA
(LTS3 K A BFhE A B D 1% 710049,
2. RALES AT S 3y HR T 9 e AL 430205)

FEE R 22 KA (TEG) 2 —Fh Be 08 B H0 PA AR 5% 16 o v RE 19 &5 11 15 45 IR Utk v 78 0V HE ol TEG 4k
RE A RS, H 2 A N 1 T B sl A S TR B 1 000 KJS L TEG Bt & B i ok, B
RIH 2 & W 2% (STEG) Al fif e ix — ) 8, A< 307 COMSOL #f:th #8587 STEG #2815 7 1 S0 1 481
J7 38 %F STEG [ JLfTE AR A # e BB 04T T AL B3 K 348 5 STEG 414 i Bl 38 458 A0 > 0k 17 1)
FFE ., X STEG 647 TRaZS 15 B34, 18 3 STEG iy U B AL R 11 IR 4R 58 T $iv e A 7 PR fg L 34
H 56 W R B AT 36 15, 75 %, fe i 11 200270 MPa, 78 58 18 B R vh L 45 4 STEG My &4t JLAT 3],
PO R R B T 3k 15, 63% . A SCTAE R STEG &5 $A% Ml 25 & i B0 R 03 A5 AR 7 A JE 7k
SRR IVEHE 5 3 BN 25 K A s B A AL

hE4ES . TL334 NERIRER A XE4HS:1000-6931(2022)10-2051-10

doi:10. 7538 /yzk. 2021. youxian. 0875

Numerical Analysis of Segmented Thermoelectric Generator
Applied in Heat Pipe Cooled Nuclear Reactor

ZHANG Yin', GUO Kailun', WANG Chenglong' * , DAI Chunhui®*, SONG Ping?®,
ZHANG Dalin', QIU Suizheng', TIAN Wenxi', SU Guanghui
(1. School of Nuclear Science and Technology . Xi’an Jiaotong University . Xi’an 710049, China;
2. Science and Technology on Thermal Energy and Power Laboratory .
Wuhan 2nd Ship Design and Research Institute, Wuhan 430205, China)

Abstract: The power system of heat pipe cooled nuclear reactor can be divided into
dynamic conversion system and static conversion system. Thermoelectric generator
(TEG) is a typical static conversion device, which can directly convert heat energy into
electric energy. The combination of heat pipe cooled nuclear reactor and TEGs can bring
many advantages, such as compact structure, high inherent safety, no auxiliary
mechanical equipment and low noise. However, the maximum core temperature could
exceed 1 000 K, and ordinary thermoelectric generators can not operate in such high

temperature. To solve this problem, the use of segmented thermoelectric generator
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(STEG) in the power system of heat pipe cooled nuclear reactor is a method worthy of
research. STEG can play an important role in the heat pipe cooled nuclear reactor. But
there is not enough literature to study the application of STEG in heat pipe cooled nucle-
ar reactor. STEG usually splices two or three thermoelectric materials with the highest
power generation efficiency in different temperature ranges. In this way, STEG can
obtain a high thermoelectric conversion efficiency in a wide temperature range (usually
above 600 K). Therefore, a kind of STEG for heat pipe cooled nuclear reactor was
designed. In this paper., a conceptual design of a heat pipe cooled nuclear reactor with
STEGs was proposed. The single STEG and single channel model were explored by
COMSOL software. A three-dimensional finite element model of STEG’s performance
in heat pipe cooled nuclear reactor was established. STEG was designed to compose of
bismuth telluride and skutterudite, and its geometric structure and performances were
optimized. Numerical simulation was carried out under steady-state conditions to deter-
mine the optimal STEG’s geometry. Then, the optimized STEG was connected with the
heat pipe to form a single channel model for simulation to explore its performances.
When the temperature difference reaches 550 K, the maximum STEGs’ output power
reaches 0. 374 W, and the maximum conversion efficiency is 15. 75%. In single channel
model, when the heating power is 300 W, the maximum STEGs’ output power reaches
47.29 W, and the maximum conversion efficiency is 15. 63%. The simulation also show
that the maximum stress of single STEG and single channel model are 270 MPa and
547.5 MPa, respectively. And the maximum stress appears on the copper conductor
near the hot side. This paper could provide a preliminary basis for the numerical simula-
tion of the combination of STEG and heat pipe cooled nuclear reactor. This paper can
also be used as a reference for the thermoelectric conversion of heat pipe cooled nuclear
reactors.
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of heat pipe cooled nuclear reactor with STEG
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Fig. 3 Single channel model with segmented thermoelectric module
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Fig. 4 Thermal resistance network model
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Table 2 Maximum stress and

displacement of main material
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o 0 258 0.13
i A5 RHZ 254 0.12
4 i

AWM T — 44 STEG i #4045 3 1Y
eIt I TIEHET STEG 1 =484
BT 43 B #5738 3F COMSOL #t 4 X B
STEG Fl L3 18 A5 7Y v 1) $ iy A ) P RE i AT
W o as LT

D 13t STEG I, >R F 86 10 5 1 Ry 2 v
PR T kA S A SR R R 220 BB
B 2 T S AE LT R SF . P AL S IR A i Ak ik
S 3. 1 mm, AH N 5 B BT A 16,9 mm;
N A SR 4 Tl A B & B 4. 7 mm, A Y
B BE i 15,3 mm; PORY SR % 4K i R
4.6 mm X4 mm, Xf 5 N ZS7 R ) 3 AR
3.4 mmX4 mm,

2) WRHE STEG Mtk 25 5 . e KA S
PR 30 HA 0 4 T b, 2490 270 MPa, B
ANRE T BAE D5 B, 2928 81. 6 MPa,

3) ¥tk )5 B9 STEG 3 17 45 B IE AR 2 3
TERLRY I HEAT M RS L 45 3R W R R (Y 4R
PERE M 15. 752 FBEH] 15. 63 % . fie K I3 M
270 MPa | J} %] 547. 5 MPa,

S 23K

[1] MARKOLIYA A I, SUDAK N M, SABO E P,
et al. Development and improvement of thermoe-
lectric generator modules for a space nuclear
power system[]J]. Atomic Energy, 2000, 89(1):
583-586.

[2] WANG D, LIU Y, JIANG J, et al. Potential

application of a thermoelectric generator in pas-

sive cooling system of nuclear power plants[]].

Journal of Electronic Materials, 2017, 46 (5):

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

3 109-3 114.

GABBAR H A, BARRY SC A, STEELE D, et
al. Evaluation and optimization of thermoelectric
generator network for waste heat utilization in

nuclear power plants and non-nuclear energy

applications[ J].  Annals of Nuclear Energy,
2017, 101, 454-464.
EL-GENK M, TOURNIER ] M. Conceptual

design of HP-STMCs space reactor power system
for 110 kWe[ C] // AIP Conference Proceedings.
[S. L. J: [s. n. ], 2004,

TANG S, WANG C, LIU X, et al. Experimen-
tal investigation of a novel heat pipe thermoelec-
tric generator for waste heat recovery and elec-
tricity generation[J]. International Journal of
Energy Research, 2020, 44(9). 7 450-7 463.
TANG S, WANG C, LIU X, et al. Experimen-
tal investigations on start-up performance of stat-
ic nuclear reactor thermal prototype[J]. Interna-
tional Journal of Energy Research, 2020, 44(4):
3 033-3 348.

TIAN W X, LIU X, WANG C L, et al. Experi-
mental investigation on the heat transfer perform-
ance of high-temperature potassium heat pipe for
nuclear reactor[J]. Nuclear Engineering and De-
sign, 2021, 378. 111182.

LIU X, ZHANG R. LIANG Y, et al. Core ther-
mal-hydraulic evaluation of a heat pipe cooled
nuclear reactor[ J]. Annals of Nuclear Energy,
2020, 142, 107412.

CHAMPIER D. Thermoelectric generators: A
review of applications[J]. Energy Conversion
and Management, 2017, 140; 167-181.

CLIN T, TURENNE S, VASILEVSKIY D, et
al. Numerical simulation of the thermomechanical
behavior of extruded bismuth telluride alloy
module[ J].
2009, 38(7): 994-1 001.

ZUO Z J, FAGHRI A. A network thermody-

Journal of Electronic Materials,

namic analysis of the heat pipe[ J]. International
Journal of Heat and Mass Transfer, 1998, 41
(11): 1 473-1 484.

LI W J, POUDEL B, NOZARIASBMARZ A, et
telluride/half-heusler

thermoelectric unicouple modules provide 12%

al.  Bismuth segmented

conversion efficiency[ J]. Advanced Energy Ma-
terials, 2020, 10(38): 2001924,





