H59% T B o&® X @B K OF O F K Vol.59 No.7
2025 4 7 A JOURNAL OF XI’AN JIAOTONG UNIVERSITY Jul. 2025

RIS AR RN E RIS ERART R
ZetEa

RERE, FRE, ST, M, LT, Bi!
(1. WWEZMKEN N TR ERESLRE, 710049, PH%;
2. WEIMTHIFEBEA RAH, 710054, PH%&)

WE., As—FRIRIENAYETEFEF ETIRBEIE S & & 560w R4S, 4 3R -1 3
FBo F G P A R A B AT FUR A R, A T AT RAR AL s B A R R A 5 0 S M A S e SR
FRIBAT ZOL P eI M I, T AR R &M % 3 2 HF A K RG0S 4E Rt 7 £ o
o ATARHIMERAFFAKRE RS S FAEL AT BAEE T ALY FEER BTN
THRERMEFHETHELS RS AR RO RAAE RS AR E A 2. 13%, B2 T+ F AR
BTER, THEIMTRHAIATARREAGEA>F AT . H AR FELEREFFNR
KRR AT LB KB GRD R TR, EREAVN. XTI ATLHRERRLIN, TR
B AEAN2ITCBEREHN , TRETARA362.2C;AMHEFIATEAAEESRS R
KEBEBBENEZLLENEEAA, ELTAii/,.uszTﬁzké’wu%i EATR A \IEN T % H
fik M e 3533 fﬁ‘ﬂﬁ‘é‘)#é\&i«l—jT’T%’E'Ti,%]%%/’\ﬁkﬁi‘%%% BB ARET A,

KER.: BEBARAEZ BEMBR AL AREHE; /ﬂkﬁ

RESES. TKI24 XHEFEESE: A

DOI: 10.7652/xjtuxb202507012 X EHKS: 0253-987X(2025)07-0118-11

Study on Flow and Heat Transfer Characteristics and Safety Analysis of
Modular Molten Salt Thermal Storage Heat Exchangers

SONG Yuanyuan', ZHOU Ke?, LU Xiaoyu®’, LI Minghao®, WEI Ziyu', YANG Dong'
(1. State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China)

Abstract: In order to further enhance the operational flexibility of coal-fired units and to realize the
thermo-electric decoupling of coal-fired units from the power system, the optimal design of heat storage
heat exchanger in coal-fired molten salt coupling system is studied. Based on the structural characteristics
of a novel modular molten salt thermal energy storage heat exchanger and field measurement data from
actual operating conditions, the heat transfer coefficient on the molten salt side is calculated and the
flow and heat transfer characteristics of the steam-water system are analyzed. Utilizing the flow
network system method, the steam-water tube bundle is divided and a flow distribution and
pressure drop calculation model is established. Actual operational data measured during the
molten salt pump startup condition are compared with the total pressure drop obtained from the
program calculations, resulting in a relative error of 2. 13% , which verifies the reliability of the

calculation model. The pressure distribution, flow distribution, outlet steam temperature, and pipe
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wall metal temperature under design conditions of the steam-water system are calculated and analyzed,

along with a study on flow instability when thermal load disturbances occur. The results indicate that,

under design conditions, when the molten salt pump is not started, the working fluid outlet steam

temperature is 327. 7 °C ; when the molten salt pump is started, the outlet steam temperature is 362. 2 °C.

The total pressure drop of the system and the maximum metal wall temperature under both

operating conditions are within safe and reasonable ranges, and no flow instability occurs. This

comprehensively evaluates the safety and reliability of the molten salt thermal storage heat

exchanger during operation and provides a theoretical basis for the molten salt energy storage

technology coupled with coal-fired power generation.

Keywords: molten salt heat storage heat exchanger; molten salt side heat transfer coefficient;

flow distribution; pressure drop calculation
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Fig. 1 Molten salt energy storage heat exchanger three-

dimensional arrangement structure diagram
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Fig. 2 Molten salt energy storage heat exchanger

structural arrangement sketch
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Table 1 Physical properties of high-temperature molten salts

WEE/C #E/(kgem ) FHFE/(kgem P es ) WEERE/J kg KD FREHE/Wem K
300 1863.0 0.2873 1504.0 0.501
350 1826.0 0.286 4 1496. 5 0.198
420 1774.2 0.2859 1488.0 0.479
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Table 2 Actual operating thermal parameters
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Fig. 3 Schematic diagram of a molten salt storage

heat exchanger module
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Table 3 Measured parameters of mass inlet and outlet under

two actual operating conditions
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Fig. 4 Molten salt module temperature distribution in

two operations
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Table 4 Unit 5 molten salt side heat transfer coefficient
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Fig. 5 Comparison of calculated and measured outlet

mass temperatures for units 7 and 3
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Table 5 Comparison of work temperature distribution

N TR IE/C
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S o ) 5 KA P It A 4
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3.4 215.6 215.6
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Fig. 7 Heat load distribution in each circuit
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Table 6 Heat transfer distribution of each module under

design conditions

. L i m A/ it / kW
m’ BRRARS BHRER D

1 29. 25 293.01 364. 66

2 29. 25 433. 65 601. 83
3.4 58.49 2 240,51 2 836.58
5.6 58.49 1924.98 1102. 89
7.8 58. 49 254. 00 433.95
it 233. 96 5 146.15 5 339.91

4.2 EOLHBHELER

BT T T M $h 505 3h (W4 33 He) FliE 2
TN Bl A A A TR A A 1 TR ) A
RN 7 PR, R RERE R W 1 iF AR
IR 7.8 JFECH TR DA SEAT A BUERE . R
7R LU 0 R I OR S Bl A R A e e
BRSMER R 1078, 86 kPa. A Eh H A B i R 5
SR RE A 1309, 38 kPa, Hivf BE 8 1R [ 5 32 E Y,
AT VR AN

kT BRIy EAFELER

Table 7 Pressure calculation results for each part

A AERTE 1/ kPa

i
IEEFE ARG B VR Y =]

1 2 483. 32 2 483.25
2 2 449. 92 2421.17
3.4 2 328.70 2 255.98
5.6 2 007. 38 1 876.71
7.8 1421.14 1110.07
B A 1078.86 1 309. 38
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