58 % 11 B O% X @ K F OF R Vol.58 No. 11
2024 4E 11 A JOURNAL OF XI’” AN JIAOTONG UNIVERSITY Nov. 2024

BERAKGHUFEARNMNENR
RGN

Mg, MRS, ERAL, ZOURT, BN
(1. VIR AR ARERE . 710049, V44 ;
2. WEAH R PP S TR E M E AL, 710049, 754

BE. ATEMAKRS LA FZREAMERGE N ZN S5 AL THEFLIAKRKESLER R ERNEH-R
FH-BR RA5E6WM S mEGER, A4, BBt xRt RERA TRUFHBAR LR W S KR
B R EM oM T A RBRAZ R AT THENHFRMAARRE LAY 15X, RE. KFisit
WAL ZE AR AW AT KRZ T R 0B 3 BAT 3T, 94T T R 35 49 % 3R A T bk #
RO R, AREREAN EHALEP MR TARALEMA L EELAME & FHMFERRE
Yo #g A K 3B AR AL I K A AF R R T R R 442 T 84. 5% A 53. 9% E R R R BB A F A H
Fo G AT IBAIRACE M RN S T AWK 3 A& RS 3h ) F 28095 XA 5 2%
FRA A IBAIIRACE M A R R R E S G AR IE T 3 B e de AL IR 7 e AR,
I A AL b AR SR AR T AN KA E

KB KA AALF AR R AR B dE AN AL

mESES. TK513.5 XEIEREME: A

DOI: 10.7652/xjtuxb202411007 X EHHS :0253-987X(2024)11-0078-09

Topology Optimization of Heat Transfer Structure in Shell-and-Tube
Hydrated Salt Chemical Thermal Storage Reactors

YE Hao', TAO Yubing"?, DONG Zhenjiao' s, YAN Wenjie’, JIA Haoyang®
(1. School of Future Technology, Xi’an Jiaotong University, Xi’an 710049, China; 2. Key Laboratory of

Thermo-Fluid Science and Engineering, Ministry of Education, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address the limited heat transfer capacity of hydrated salt thermal chemical storage
materials, a multi-physics model coupling heat transfer, flow, and reaction within a shell-and-
tube hydrated salt reactor is developed. Through the application of a topology optimization
approach, a high-performance fin structure suitable for thermal chemical storage reactors is
devised. The impact of fin volume is analyzed, leading to the identification of an optimal high
thermal conductivity material volume fraction of 15%. Subsequently, the topology-optimized
structure is compared with reactors equipped with traditional straight fins and those without fins
installed, analyzing the effects of various parameters on the thermal storage performance of the
reactor. The results indicate that during the thermal storage process, compared to reactors

without fins and reactors with straight fins having the same high thermal conductivity material

ks B . 2024-03-05, EHT A A998, B WM LA W T EGEGES . B 88 LRI, ¥4
WH. ERARFFES B H(U22A20212),
W 28 Wy RRFTR] . 2024-06-20 P 2% HY R B IR : https: // link. enki. net/urlid/61. 1069. T. 20240620. 1003. 002



%5113 HZE,

48

AF TS UK A 2 i 3 RORE 8 P % BAE R M 7

volume fraction, the topology-optimized fins reduce reaction times by 84. 5% and 53. 9%,

respectively.

In addition., the topology-optimized structure exhibits better thermal storage

performance than the reactor with straight fins under different reaction kinetic coefficients and

thermal conductivities. With increasing reaction kinetics coefficients and decreasing thermal

conductivity coefficients, the enhancing effect of the topology-optimized structure significantly

increases, thus demonstrating the superiority of the topology optimization design proposed in this

paper and providing valuable references for strengthening the thermal chemical storage performance.

Keywords: salt hydrates; thermochemical heat storage; heat transfer enhancement; topology

optimization
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heat storage
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