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Study on core physical parameters for molten salt experimental reactor
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ZHU Guifeng ZHOU Bo YAN Rui ZOU Yang
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Abstract  [Background] Molten salt reactor (MSR) adopts molten fluoride salt mixture as fuel. The neutronic
features of MSR are different from those of traditional solid-fuel reactors duel to specific nuclear fuels. [Purpose]
This study aims at the effects of core parameters on reactor physics of MSR. Parameters include core size, fuel
volume fraction, fuel concentration, fuel salt penetration and so on. [Methods] Molten-salt reactor experiment
(MSRE) of Oak ridge national laboratory (ORNL) was taken as the reference reactor and the calculation was
completed by using MCNP (Monte Carlo N particle transport code). [Results] The calculation results show that with
the increase of core size, the critical mass of core has a minimum value. With the increase of fuel volume fraction, the
critical mass of fuel salt loop system first decreases and then increases, and the absolute value of fuel temperature
coefficient decreases firstly and then increases. The effect of fuel salt penetration on core reactivity is consistent with
that fuel volume fraction increment. [Conclusions] This study provides basic theoretical reference for the design of

thorium molten salt reactor-liquid fuel (TMSR-LF1).
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Fig.1 Schematic diagram of computational model
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Table 1 Critical concentration and mass as a function of core size (FVF =5%)

HES R e 5% 7 <52 Ja JBE /K B M5 e ST
Core size / mxm Fuel critical concentration / % Core critical mass / kg
1.4x1.4 10.2 147.2
1.6x1.6 4.0 95.8
1.8x1.8 2.6 92.0
2.0x2.0 1.9 94.3
F2 HECRIMIEFS MW

Table 2 Critical concentration and mass as a function of core size
HED R IREHER AR EE e 57 F <52 Ja JBE 7K B S 5o B
Core size / mxm Fuel volume fraction / % Fuel critical concentration / % Core critical mass / kg
1.4x1.4 5 10.2 147.2
1.6x1.6 2 8.3 73.9
1.8x1.8 1 10.5 64.0
2.0x2.0 1 7.3 64.6
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Table 3 Effect of fuel volume fraction on critical parameters

BB ER AR AR EE I 57 7 <52 e JBE JK B HECS I 55T & ARG

Fuel volume fraction / % Fuel critical concentration / % Core critical mass / kg System mass / kg
1 10.49 63.97 2160.1

2 5.30 70.59 1227.0

5 2.63 92.01 694.9

10 1.91 135.41 579.1

15 1.89 201.69 642.3

20 2.16 305.34 805.5

22 2.76 429.33 1 060.6
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Fig.2 Varition of k,; with volume fraction of fuel salt
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Table 4 Temperature coefficients for different fuel volume fraction (FC=2%)
BORHER AR LE HET BRI R AL WRRHE L 2R %
Fuel volume fraction / % Core mass / kg Graphite temperature coefficients Fuel temperature coefficients
/10° K™ /10° K™
1 14.18 -67.20 -32.85
2 28.37 -34.34 -17.35
5 70.92 -13.41 -8.27
10 141.83 -6.77 -5.96
15 212.75 -4.40 -5.66
20 283.67 -3.47 -6.31
22 316.05 -2.86 —6.58
RS TRPEHFIREL TENRE R
Table 5 Temperature coefficients for different fuel volume fraction
PR SR AR EL HE i 51 5 AR I R AL ORHE FE 2 5
Fuel volume fraction / % Core critical mass / kg Graphite temperature coefficients Fuel temperature coefficients
/10° K™ /10° K™
1 63.97 -15.60 -7.62
2 70.59 -14.57 -7.76
92.01 -10.70 -7.05
10 135.41 -7.33 -6.32
15 201.69 -4.82 -5.95
20 305.34 -3.32 -6.22
22 429.33 -2.02 -6.13
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Table 6 Effect of penetration by fuel salt on reactivity

BRELERIZE H 43 J= N PEAR A0 Reactivity change

Percent penetration by FRRTEL TR BLEL 5% T FRETEL TR BEL 10% 0T TRFI R PR BLEL 15% T

fuel salt/ % Fuel volume fraction 5% Fuel volume fraction 10% / 10°  Fuel volume fraction 15% /10~
/107

0.6 1061 -422 =571

1 1549 -670 =912

2 2306 -1330 -1748

5 45E Part I: description of reactor (ORNL-TM-728) [R].
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