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Abstract: In the process of energy storage and power generation in molten salt tanks, the ceramic particle layer at the bottom of

the tank plays a critical role in load-bearing and thermal insulation. Under cyclic loading, analyzing the effects of particle
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compression, flow, and contact stress on the overall settlement of the ceramic particle layer provides an important basis for design.
In this study, the Hertz-Mindlin contact model in EDEM software was employed to establish a discrete element particle simulation
model for the ceramic particle layer at the bottom of the molten salt tank. Simulations were conducted for the compaction backfill
process and full-tank working conditions, and a comparative analysis was performed to investigate the effects of pre-compaction
processes and particle size distribution on the compression settlement and maximum equivalent stress of the ceramic particles, as
well as the influence of randomness in discrete element analysis results. The results indicate that for a ceramic particle layer height
of 1.6 m and a particle size range of 5~20 mm, adopting a segmented compaction backfill process under a 50 000-ton tank load
results in a maximum internal particle stress of 18.1~21.8 MPa and an overall settlement of 20.44~29.6 mm. As the particle size
increases, the maximum stress decreases, with a maximum stress of 12 MPa observed for particle sizes of 15~20 mm. However, the
settlement increases significantly, reaching 184 mm. Therefore, a wide particle size distribution range is beneficial for reducing
settlement. Considering these factors comprehensively, the optimal configuration is a particle size range of 5~20 mm with a
segmented and repeated pre-compaction process. Accounting for the influence of particle randomness, the maximum stress of the

ceramic particle layer is 23.16 MPa, and the maximum settlement is 23.5 mm, meeting the design requirements.
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Tab.l Material parameters

Materials Steel Ceramite Concrete
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Tab.2 EDEM parameter settings

Interaction Collision recovery coefficient ~ Coefficient of static friction Coefficient of dynamic friction
Ceramisite and steel 0.47 0.46 0.024
Ceramisite and cement 0.37 0.92 0.066
Ceramisite and ceramisite 0.18 0.78 0.19
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Fig.5 Map of the height of the ceramic layer in different initial states and after compaction of the heavy tank
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Tab.3 Three precompacted particle models were compared in height after loading

Compaction process Natural deposit A pre-compaction Eight precompacts
Initial altitude/mm 1627.16 1592.90 1614.07
Particle number 10 672 10 672 10 672
Height of heavy tank after loading/mm 1575.35 1574.02 1593.63
Total settlement/mm 51.81 18.88 20.44
Porosity 0.4519 04521 0.456 7
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Tab.4 Comparison of the height of the particle weight tank with three different particle size distribution ranges after loading

Compaction process/mm 5~10 10~15 15~20
Initial altitude/mm 1612.53 1613.41 1 603.08
Particle number 55200 13 680 2190
Height of heavy tank after loading/mm 1 420.88 1416.26 1419.12
Total settlement/mm 191.65 197.15 183.96
Total particle mass/kg 8.16 7.84 7.66
Porosity 0.356 0 0.3792 0.3947
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Tab.5 Measured value of sedimentation in the molten salt tank

Monitoring point

Compressive stress/Pa

Total settlement/mm

1 1.2x10° 3.13
2 1.2x10° 2.48
3 1.2x10° 2.88
4 1.2x10° 2.74
5 1.2x10° 3.22
6 1.2x10° 2.71
7 1.2x10° 2.61
8 1.2x10° 3.21
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Fig.13 Particle model repeated twice Fig.14 Height of particle pile versus time analyzed three times
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Tab.6 Weight of the particles analyzed three times and comparison of the height after tank loading

Frequency of analysis 1 2 3
Initial altitude/mm 1614.07 1 600.00 1 606.84
Height of heavy tank after loading/mm 1593.63 1570.40 1585.44
Total settlement/mm 20.44 29.60 21.40
Porosity 0.456 7 0.454 4 0.4561

hy 5 i FRAE URLA= B S I S0 BEA L X RO S TR B 5 A5 KON g 2 e IR, A5 L ACKH X A v i
7 (Relative Square Deviation, RSD)WE N IEMEARC(1), FHUAR G HIPAS bk BEAL R 2 5| & DT R & 5 i
UNDALH ZZIE SR

W 5 T 3R AT TR A SRR AR (1), IR Bk (1725 ) R AU RSD-C 2 14.95%

PEEE)

RSD = "#‘1 X 100%

A, RSD WA RE (RSD-C HULEREAES R 5. RSD-Y Wi KN AR 280, x, WHEARSE, N
FERSHOF A .

4.2 BURLAE R AN Bh BE A M X B K B 1 B 32
B 1S AT, =R M B9 B KA 0N 1 Bl R (] A8 AL 7E 7.83~21.8 MPa iy 21, EER /M Y fie K A5 300,

(M



758 F12% 2] o 46

T H4(H 5 54 10.46 MPa, 15.31 MPa il 14.17 MPa; {H =N R S W E A 225800k, T it e K. F
WAAIE A7 BEATLIE BRI . 32 P T AT S AR S Fg A Bt ML A (T o X 2 . 42 Mo o 500 B il s BE S T), DT
%mﬁﬁ%L%éﬁﬁ%ﬁﬁ%¢ﬂ% AN, I A5 38 AR 1 52 2 P A I 1 B v DI %) 7 8 /)
AT A AR, 25 BRI ) I 25 5
H@w$%ﬁ%ﬁMFﬁfﬁW@ﬁA%m AR RN ) 72 5 ZECRSD-Y 9 7.7%.

25.0

—=— Group 1
—&— Group 2
—a— Group 3

(5] (3]
=} N
=} =)
T T
%]
it
[oe]

—

=~

w
T

—

[

)
T

Maximum von Mises stress/MPa
- -
1= o
(=] (=]
T T

=~
@
T

5.0 I I 1 I I I I 1 I I 1
0 20 40 60 80 100 120 140 160 180 200 220

Time/s

B 15 =R 43 Hr ok £z JC von Mises v 7 Bifi ] [|] 25 £k &

Fig.15 Maximum von Mises stress of particles versus time analyzed three times
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