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Abstract: As the core equipment for energy storage and release within a thorium molten salt
reactor (TMSR), large-scale molten salt tanks directly determine the stability and economic
efficiency of the entire system. To clarify the dynamic response characteristics of large-scale,
high-temperature molten salt tanks under seismic loads and the applicability of simplified
calculation methods, a vertical thin-walled molten salt tank in the TMSR isolation loop was
selected as the research object. Three-dimensional finite element models were developed
using the spring-mass, added-mass, and acoustic-structure coupling methods to perform
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modal analysis and seismic response spectrum calculations. Subsequently, the molten salt
sloshing frequency, tank vibration frequency, and seismic evaluation results obtained using
the three seismic analysis methods were compared. The results demonstrate that both the
spring-mass and acoustic-structure coupling methods can accurately calculate the molten salt
sloshing frequency with equivalent seismic stress results. The horizontal natural vibration
frequency calculated using the acoustic-structure coupling method agrees well with the API
650 code, whereas the values calculated using the spring-mass and added-mass methods
are overestimated and underestimated, respectively. Under seismic action, the stress
evaluation results from all three methods meet the code requirements with a safety margin of
approximately 50%. Although the acoustic-structure coupling method is the most realistic, it
requires the longest computation time. The added-mass method is 10.5 times more efficient
and provides simpler modeling and more stable convergence. In addition, the vertical vibration
effective mass participation ratio of molten salt tanks is extremely low, negligibly affecting the
overall seismic response. Therefore, the vertical seismic action can be ignored in engineering
analysis. Considering modeling difficulty, computational cost, and engineering efficiency, the
added-mass method is recommended for seismic analysis. The findings of this study can
serve as a reference for selecting seismic analysis methods for similar high-temperature
molten salt tanks.
Keywords: thorium molten salt reactor; high-temperature molten salt storage tank; seismic
analysis; spring-mass method; added mass method; acoustic-structure coupling
method
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Fig. 2 Structural schematic diagram of molten salt
storage tank
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Table 1 Parameters of the wall thickness of each
layer for large-scale molten salt storage tanks
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C: modal

Remote displacement Modal

|A‘ Fixed support

[B] Distributed mass-1.299x10°
[C Point mass-4.415x10°

. Remote displacement
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C: modal-added mass model
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Table 2 Parameters of spring-mass model

ZH 1A
7 kg 1.719x10°
Jokirt 5 kg 1.299x10°
ik 5 B # O /m 3.936
AR kg 4.415x10°
S5 B O /m 7.170
PAFRIEE (N/m) 7.076x10°

A: modal acoustics
Modal acoustics

.Distributed mass-1.719x10°¢ . Fixed support
. Fixed support

|B | Acceleration: 9800 mm/s?
Bl Fluid solid interface
. Free surface
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Fig. 3 Model and loads & boundary conditions

(2) BMimmRERE

B 5 2 T Y T AR B (SO A 11 o 5 L it
INFRERE, AN R SR RN, B 3(a)H
B #1543 (9 245 J5i 5 1.299% 10° kg A% g 3 2 1 ) A
B 1.719x10° kg, [F]HS 200 S o)) Jo B AN 3, 15
B 1 B 3(0) T
(3) FEBAEERE

SR 7 TR Ak A T KR ) = A PR G
B, NEEEEGEERAMERE, RAEM TR
SHELL281, JEACKHSEAH 0 SOLID187, Ak
K H FLUID220 BG4, ZHockETas. ik
A B ERRRRARER Y, R MIRIR M R S s T
P, R I I S A RS 5 e 1 S A A S S

BECERIRA G 0T o MORIR T 75 T8 RS SR 3% L TdA
o SRR S SRS, RN B R
FRIVER s B SRR A R S8 30y, RIS RN S5 A4 38
PSSR 7S THARGE ML A, TH 5 BT i =4 Rt
B J i S0 464, Bl 3(c)Fm.
(4)  MHE T K MIIE

X = RGBT B AT IS R 43, AR S
RS IG, NI AR TAE BT % WA RO e 7
TEVE BT 2 BUHEAT WA oo PESIE, EXFHJE LL N
2% 1H LIRSS BT PR TR, B A [F (5T
TERSE R ERERN FT MR Z A RIS, 45
Rk 3w, 52570 R 450 mm J /) 3 350
mm, KSR RSN, HiRZE/NT 1%,



3658 g #e F

5 # A 2026 F5 15 %

*=3 WK MEIIE

Table 3 Grid independence verification
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Total deformation-mode 1-0.28491 Hz
Type: total deformation
Frequency: 0.28491 Hz

Unit: mm l H

1.4351x10°
O
Structure Fluid

1.2757x10°
© 11162108

(a) - EVE KT R
A: modal acoustics-low frequency

1 9.5676x10°
7.973x10°
6.3784x10°
4.7838x10°
3.1892x10°
Total deformation-mode 1-0.2854 Hz
Type: total deformation
Frequency: 0.28539 Hz
Sweeping phase: 0 rad
Unit: mm -
449.67 Max
E 399.71
349.75
m 299.78
249.82
199.85
149.89
99.927
Structure Fluid

1.5946x10°
(b) 75 [ RS AR T S B

0 Min
A: modal acoustics-low frequency
Total deformation-mode 5-0.41233 Hz
Type: total deformation
Frequency: 0.41233 Hz

Sweeping phase: 0 rad

Unit-mm

. 1426.6 Max

L 1268

'+ 1109.5

= 951.03
792.53
634.02
475.52
317.01
158.51

0 Min

Structure Fluid
(c) FH ARG ) AN
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Fig. 4 Schematic of sloshing modes
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C: modal
Total deformation-mode 43-14.08 Hz
Type: total deformation
Frequency: 14.08 Hz
Unit: mm
0.050988 Max
E 0.045323
0.039657
- 0.033992
0.028327
0.022661
0.016996
0.011331
0.0056653
0 Min

Structure Fluid
(a) #E—R Ik
C: modal-added mass model
Total deformation-mode 41-12.517 Hz
Type: total deformation

Frequency: 12.517 Hz
Unit: mm

0.043969 Max
. 0.039084
— 0.034198

0.029313

0.024427
. 0.019542

~  0.014656
0.00977
I 090.0048855

0 Min

(b) BN %

B: modal acoustics-high frequency
Total deformation-mode 15-13.19 Hz
Type: total deformation
Frequency: 13.19 Hz
Sweeping phase: 0 rad
Unit: mm

0.49466

| 0.43283
0.371
0.30916
0.24733
0.1855
0.12367
0.061833
0 Min

B 0.5565 Max
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Fig. 5 Schematic of tank-molten salt coupled
vibration modes
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C: modal

Total deformation-mode 31-11.004 Hz
Type: total deformation

Frequency: 11.004 Hz

Unit: mm '

Structure Fluid
(a) 33— B

C: modal-added mass model

Total deformation-Mode 56-14.559 Hz

Type: total deformation

Frequency: 14.559 Hz
Unit: mm

0.042554
0.037234

~0.031915
0.026596
0.021277
0.015958
0.010638
0.0053192
0 Min

50.047873 Ma

0.055146 Max
. 0.049019
0.042892
— 0.036764
0.030637
0.024509
0.018382
0.012255
0.0061274
0 Min

(b) B Jn o 2

B: modal acoustics-high frequency
Total deformation-Mode 21-14.815 Hz
Type: total deformation

Unit: mm

Frequency: 14.815 Hz

Sweeping phase: Orad.
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Fig. 6 Schematic of tank vertical wbratlon modes
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Fig. 7 Comparison of tanks frequencies vibration
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F: response spectrum
Membrane stress
Type: membrane stress(local element direction 11)
Unit: MPa
Time:0's

0.71718 Max
0.63749

- 0.5578
0.47812
0.39843
0.31874
0.23906
0.15937
0.079686
8.5868x10°¢ Min

(a) #E—R ik

B: response spectrum

Membrane stress

Type: membrane stress(local element direction 11)

Unit: MPa
Time:0s

1.3547 Max
1.2042

1.0537
0.90316
0.75264
0.60211
0.45159
0.30106
0.15054
1.183%x10°° Min

(b) FE AR &%
E9 HREATRARSENFESERNNTE
Fig. 9 Membrane stress contours of tank caused by
molten salt sloshing under seismic action
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F: response spectrum
Bending stress

Type: bending stress(local element direction 11)
Unit: MPa
Time:0's

1.0485 Max
0.93203
0.81553
0.69902
0.58252
0.46601
0.34951
0.23301

0.1165
2.2508x10°¢ Min

(a) 33— BV
B: response spectrum
Bending stress
Type: bending stress(local element direction 11)
Unit: MPa
Time: 0's

0.36526 Max
0.32468
0.28409

- 0.24351
0.20293
0.16234
0.12176
0.081171
0.040586
1.3174x10°° Min

Max

(b) 74 A i
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Fig. 10 Bending stress contours of tank caused by
molten salt sloshing under seismic action
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Fig. 12 Bending stress contours of tank-liquid
coupled vibration under seismic action
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