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Abstract [Background] The molten-salt-air heat exchanger is an important part of thorium molten salt reactor
(TMSR) integrated simulation platform based on strategic priority research program of Chinese Academy of Sciences,
and the flow-induced vibration problem of heat transfer tube in this heat exchanger is critical. Furthermore, the
analysis of fluid-structure interaction is currently few and unreliable. [Purpose] This study aims at the flow-induced
vibration response characteristics of U-type heat pipe in shell and tube heat exchangers. [Methods] Numerical
simulation was operated based on two-way fluid-structure interaction, and the calculated results are compared with
experimental data to judge the feasibility of this method. [Results and Conclusion] The relationship between
acceleration values are consistent, the error between experimental data and calculated results is in the range of about
—12% to 15%, shows that flow-induced vibration analysis of single-tube based on two-way fluid-structure interaction
method is feasible. Numerical simulation has also indicated that in the initial period of 0.06 s air flow and

displacement of heat transfer tube tend to be stable, the U-type tube has periodic variation characteristics of
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expand-rebound. Finally, the reciprocating motion of tube tends to be a shape of number “8”.
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Fig.1 Schematic diagram of molten-salt-air heat exchanger
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Fig.2 Geometric model of all-tubes in impact section
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Table 1 Physical parameters of materials

g J& M Property Bl
Material Value
45K ¥ Density / kg'm > 7 850
Structural LA i 2x10"
steel Modulus of elasticity / Pa

YAFA L Poisson ratio 0.3
TS Air ¥ Density / kgm 1.225

B 77K ¥ Kinetic viscosity / Pa-s  1.79x10°°
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Table 2 Boundary condition of fluid

fi & Position J&VE Property ZH Value
TEANH IE Velocity / m's™! 13.09
Inlet of air i L 5
Turbulence intensity / %
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Hydraulic diameter / m
AR H B H I H H Outflow —
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Table 3  Settings of dynamic mesh

B W% 5% Method R TE ZH
for dynamic mesh Property Value
“F#§ Smoothing #PE REL Coefficient 0.6
of elasticity
REE P /MR RGE 0.001 4
Remeshing Minimum length / m
BRKBEERA 0.005 9

Maximum length / m
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Fig.4 Modal response of first six order (a) Order 1, (b) Order 2, (c) Order 3, (d) Order 4, (e) Order 3, (f) Order 6
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