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Coupled neutronic and thermal-hydraulic analysis of TMSR-SF1 at steady state
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Abstract Background: Neutronic and thermal-hydraulic simulations of advanced reactors can affect each other’s
results. Purpose: This study focuses on coupling neutronic and thermal-hydraulic simulations to achieve more
accurate results for future developments of 10-MW solid-fueled thorium molten salt experimental reactor
(TMSR-SF1). Methods: A program converting the MCNP (Monte Carlo N particle transport code) results to the
spatial distribution of power density within the active region was created using C++ programming language. The
spatial distribution data were loaded into the ANSYS Fluent in the form of user-defined function (UDF) to
accomplish the coupling of the two simulation processes. In regards of TMSR-SF’s original design parameters, the
physical and thermal-hydraulic models of the whole core were established by using MCNP and ANSYS Fluent
respectively. Results: The coupling method is feasible and can be used to obtain reliable results. The changes in
coolant’s temperature and velocity in the active region are dependent on the power density distribution. The changes
in multiplication factor, power density and maximum of discrepancy in coolant temperature are 1.08%, 3.31% and

7.584 K, respectively. Conclusion: It is necessary to take the coupling effects of the reactor core into consideration in
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the design of associated reactor systems. In addition, the results confirm that the design parameters of the TMSR-SF1

are reasonable.

Key words Fuel pebble, Thorium molten salt reactor, Neutronics and thermal-hydraulics coupling, Steady-state

analysis

] A R HE A S E R 2T 2003 4R
SEDUAR S B HEHE RS 2 M, LR s AR 1) A
M mA b shve 20 CIsEhHE) s 2) AT =l [A)
(Tri-structural Isotropic, TRISO) 7 Bk Akl (&l
VR HED o AT ORI ST AT BR G AL L P Rl B A
R, HRR SR RERE AL il N asAT, HAAIER %
APk [ 2SR 2544 3 HE (Thorium Molten Salt
Reactor-Solid Fuel, TMSR-SF1)/& H1 [F R} 24 B¢ “ Ak
FeERZRRRE” B S SRR IR ek B IT I
THIT P s S HESETL 2 — . 2012 4F 4 H, " E B
Bt TMSR % T5UJE 8l 56— [l A BORH B B A 6 HE 1)
RSP AR HEREIRELIGE, T £
A HI A [ A PORLBR ™ A 1) AR e A Rk i B4R )
RGHAT e e

W SOV HERIZAT 2 2 W) P A BAE R R,
X A% 5 N SE PR 23 BT A 9 A FRL A o A B2 53 T
ALK ORHERE b S5 AR ) 23 By
GRS ) d | L I RO IUE A BB E i e T
o RS I TR R A SN HE ) A AT E
B, G BURT T S G TR AR S S M () 5 R IR
S0 WAGUEEI, 23l 7 P Bt SR e Ak
TR v SRR b SR [ (R A2 ) R Ak A 7
A s, 2S5 RSl 2R e IRE

BE X 22 M SR HEME R M B AT AR 29T
Cheng SVl X ShHME T & T — HERRASBLRURE
I TR b P R IE AR . B )
BT T — PR BRIk N (1) SR HEHE S T
b HCHEAT T Bk U5 . Kophazi 25 P03l ik #8 4
DALTON # THERM F&fy, Mg T — D =giiha
7, JHMNHT MSRE fafgEs 2 WM& 5
Mt Zhang 25CTMER N 2 MW 4 2k St 3 1) 57 il 2
VLT e R AT REE A . Guo 7SR
MCNP (Monte Carlo N Particle Transport Code)5 %
W IE R TR PR E 1077 200 AT T 4L MSRE
HEARA TR A« WA« BRI 20 i,
I HE RSB BT T4k, Zhou ZPRIT MCNP
5 CFD (Computational Fluid Dynamics)#\ T.7K Jj £
FFRETTVE, BT UM S A A TR AR I T A R

Rl Eh e RS L. 1i Li %5 PB-AHTR
(Pebble Bed Advanced High Temperature Reactor)ift
OB LAl , RIS RS B E R RMC
(Reactor Monte Carlo codes)™ iz f2)/7 A1 T 7K
IR CEX MG, a0 T AR R b i s
S TR RHER P S A R . A AR
MCNP F11 ANSYS Fluent B2/, F|H Python i
SE T JE AR MTF (MCNP to Fluent) X
A EME TMSR-LF1 18 3 bl It e 7RG 2
Hro ASCEL TMSR-SF1 8 F 25005, BAHh 4
IZFE P MCNP FI#A T /K Jj 27 ANSYS Fluent 43l
FFHE T TMSR-SF1 [#) =4 p A4 B R = 43 T K T
BRI, JE I CHEnfETE T R AR
J7 00 B A8 e LLIS 21 2 3R 5 10 H IR, XS AL
S5 R PR S TS I 4y oA BRI K ) Fe bt
AT T 93BT HO A o AR SO BRIRMEME B9 1 X 1) TRISO
FORL B HEAT T WA LASR sk SRR, IR FIRRE
BRIGHERUBL YO BRIKIEAT T A BRI 5y, A ERIRHE
(IR 5 it AT 419 LLIEAT

1 HEFEIRIER
11 HEREW

TMSR-SF1 i A58 Hi o i 1 X 7 58 S22
W 1 FR, HA e B R ER B HLAE R K ERR
FNFRLEBRIR A ERAL, 5 ARV HIFRIAE AL Bk ) )
R ish. R B G R RS SR T R
W2 TR RE X R 3k X, 78 S5 2 B IR
fEHE R GE . SIS L AW REo o EAR
6 cm R ASIRELER, kL U0, h 2PU w4
N 17%, FENRRIEREEAT 7.0 g il —[FIE%VA K051
K F e 4R 'Li (99.995%) 1) FLiBe (2LiF-BeF,)
H k.

DA 1 Ry el g rp P A B F
TR RPINEE, K afsEtigrtx. BF
F AT 2 A HIFIE = s,

080603-2



(a)

trol Ro T
hannel
eriment
annel

g
=
=
S
[ag]

Loadin,
eight

(b)

El1 TMSR-SF1 HELUREE  (a) B, (b) R
Fig.1 Structure diagram of TMSR-SF1. (a) Cross section, (b) Vertical section
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