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Abstract  [Background] With advantages of low system pressure, stable operation and good economic
performance, molten salt heat exchanger has recently been widely applied to the field of energy as concentrating solar
power, nuclear power engineering, high temperature hydrogen production, and so on. [Purpoese] This study aims to
analyze the thermal stress generated in the main components of the U-tube heat exchanger due to the high operating
temperature of the molten salt and the large temperature difference between the hot and cold fluids. [Methods]| Fluid-
thermal-solid coupling method was adopted in this study. First of all, the main thermal performance parameters of the

heat exchanger were obtained by using computational fluid dynamics (CFD) computation, and compared with

Fp ERE2E B R 2 56 TH(No. XDA02010000) . FERLE B 512 23 (N0.2020263 ) ¥ Bl

WA RER, &, 19844 A, 2021 4F T FERL 2 B K2k I 2t far, BT S SUSOMAZ IS MR oK g

JEEEE: H#, E-mail: tianjian@sinap.ac.cn

WSk F38: 2022-06-07, A&[R1HH: 2022-10-20

Supported by Strategic Priority Research Program of Chinese Academy of Sciences (No.XDA02010000), Youth Innovation Promotion Association,
Chinese Academy of Sciences (N0.2020263)

First author: CHEN Yushuang, female, born in 1984, graduated from University of Chinese Academy of Sciences with a doctoral degree in 2021,
focusing on the thermal hydraulics of nuclear reactor

Corresponding author: TIAN Jian, E-mail: tianjian@sinap.ac.cn

Received date: 2022-06-07, revised date: 2022-10-20

010604-1


https://dx.doi.org/10.11889/j.0253-3219.2023.hjs.46.010604
mailto:E-mail:tianjian@sinap.ac.cn
mailto:E-mail:tianjian@sinap.ac.cn

% AR

2023, 46: 010604

experimental results to verify the accuracy of the CFD fluid simulation results. On this basis, the heat transfer process

was analyzed in details for the molten salt tube-shell heat exchange under the operating condition, and the flow field

and temperature field of the heat exchanger were obtained. Finally, the stress field generated by the coupling of flow

field, pressure field and temperature field was calculated by Ansys workbench finite element software, and the stress

distribution of the tube sheet connected with the heat exchange tube and shell was emphatically analyzed to find the

maximum stress value of the tube sheet and the stress change rule of some paths. [Results] The result shows that the

CFD fluid simulation method is feasible with a maximum deviation of 3.07%. The larger stress is found at the

connection area between the tube plate and the non-tube, which is located near the inner tube wall on the shell-side

with about 2 mm away from the lower surface of tube plate. [Conclusions] Results of this study provides important

reference for the actual operation and structural deign of molten salt heat exchanger.
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Fig.1 Schematic diagram of heat exchanger for molten salt
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Table 1 Process parameters of heat exchanger
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SR 4 FR Parameters B TORE
Tube-side  Shell-side

it & 71 Design pressure / MPa 0.50 0.50

Bt & Design temperature / °C - 700 700

oK JE The length of the shell/m  — 2.0

FeRAAE — 0.2

Inner diameter of the shell / m

iRk [ 5 Baffle spacing / m — 0.124

&% Tube number 18 —

% ] H Tube pitch / m 0.02 —
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Table 2 Physical properties of molten salt

Z ¥ Parameters

1% £ Molten salt ')

2% % Density / g-cm™

Lt #4%5 Specific heat capacity / J-(kg-K)™!
Z1i % Dynamic viscosity / Pa-s

#A3:% Thermal conductivity / W-(m-K)™

p=2.6133-6.431x10" T (K)

1 880

7#=0.008 06 exp(~5 058.43/T+3.923 42x10%T%)
)=—0.445 32+0.001 47 (K)
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Table 3 Takeover load of molten salt heat exchanger

BN DB H4T Tube side inlet nozzle load

#fifLoad F,/N F,/N F,/N M,/Nm M,/Nm M,/Nm
-1 -87 515 -8 -1 -1

R D 3T Tube side outlet nozzle load

i Load F,/N F,/N F,/N M,/Nm M,/Nm M,/Nm
1 -88 =571 55 -8 5

FEREN B #0477 Shell side inlet nozzle load

A Load F,/N F,/N F,/N M,/Nm M,/Nm M,/Nm
-1 6 608 49 -39 15

SoE D328 84 Shell side outlet nozzle load

# M Load F,/N F,/N F,/N M,/Nm M,/Nm M,/Nm
-1 6 608 49 -39 15
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Fig.2 Mesh generation for the CFD analysis of heat
exchanger for molten salt
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Table 4 The comparison between experiment and simulation analysis of molten salt heat exchanger

SRR 7 Eh tH R R PR Ih A

Parameters Outlet temperature of cold salt / °C ~ Outlet temperature of hot salt / °C ~ Thermal power / kW
SEIG{H Experimental value  570.26 613.73 302.87

CFD1H Simulation value 567.95 614.99 293.55

fisi % Deviation / % -0.41 0.20 -3.07
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Fig.3 The cloud map of velocity distribution of molten salt heat exchanger in cross section
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