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Optimal design of core flow distribution for 10 MW liquid fuel molten salt reactor
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Abstract [Background] The flow distribution in core for the liquid fuel molten salt reactor (MSR) is an important
part of the thermal hydraulic design, and the hydraulic structure of reactor core plays a decisive role on flow
distribution. [Purpose] This study aims to find out a suitable hydraulic structure design to make the core flow
distribution match with the power distribution, and flatten the core temperature distribution for a 10 MW MSR.
[Methods]| First of all, a one-twelfth core model of liquid fuel MSR was established. Then, ANSYS FLUENT16.0
software was employed to conduct three-dimensional numerical simulation of the flow field. The influence of
hydraulic structure of reactor core was analysed by changing the structure of upper plenum, downcomer and lower
plenum, and the corresponding flow distribution characteristics of the core are obtained. Finally, a suitable structure

was proposed after step-by-step improvement. [Results] The simulation results show that increasing of the height of
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upper plenum can balance the flow distribution between central and peripheral channels, increasing of the width of

the downcomer can reduce the vortex flow at the downcomer outlet and flattens the flow distribution at the same

time. The cylindrical lower structure with shroud in lower plenum can restrain the vortex to a certain extent and make

the flow distribution more gentle. Based on the analysis above, a reasonable hydraulic structure is proposed for the

molten salt reactor. [Conclusions] The results of this study provide important reference for the further optimization

design of liquid fuel molten salt reactor.
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Fig.1 Vertical section (a) and cross section (b) of 10 MW molten salt reactor-liquid fuel
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Table 1 Design parameters

BEiH 241 Design parameter {#i Value
WEMEX B4R G = ED Diameter of active zone (including reflector) / m 2.8

## #h L1 B 4% Diameter of salt channel / m 0.06

45 Eh 38 18 N 41 Number of channels 127
WX = Height of activity zone / m 3
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Fig.2 Diagram of 1/12 molten salt channels model of
reactor core
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Table 2 Calculation conditions

1415+ 2%+ Boundary condition Z ¥ Value

T Y Turbulent model FRUfE k-¢ Standard k-¢
3 F1 B3t 2 Inlet Mass flow rate / kg's™ 26.25

it H 17K /1 B A% Inlet/outlet hydraulic diameter / m 0.2

HEH FGE Inlet/outlet velocity / m-s™ 1.1

HE VI & 1A # Reynolds 88 000

H 0 J& 77 Pressure outlet / Pa 0
B T 2% 14 Wall condition

J6iE BEIHT, JTCHE #2245 F Smooth wall, no-slip boundary condition
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Fig.3 Relationship between channels mass flow rate and
mesh elements number
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Fig.4 Channel mass flow rate corresponding to different
turbulent model
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Fig.5 Channel mass flow rate distribution factor
corresponding to different heights of the upper plenum
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Fig.6 Channel mass flow rate distribution factor
corresponding to different widths of the downcomer
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Fig.8 Channel mass flow rate distribution factor
corresponding to different geometry structure of the down
plenum
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Fig.9 Diagram of shroud in the lower plenum (a) and vertical
section (b)
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Table 3 Optimization schemes

WS TR AR DCHC R 5 bt 2
Number Change of structure Standard deviation of matching factor / %
0 — 5.16
1 BB W, R SRR R 5 DOEE R — 3 433
With a shroud, the size of holes on support plate is consistent with the
channel in the active zone
2 BEE U A5 2.3 4 AL EAR 9 55 mm, 55 5.6. 7 B 50 mm - 4.14

With a shroud, changeable diameter of holes on support plate (55 mm
for the 2™, 3“and 4™ loop, 50 mm for the 5", 6" and 7" loop)
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X205 1l AL N SR EIE )G, i &
Bict fh 2 bl oA 152 B v R 75 B R B R P A, 10

1.6
=
§ 1.4
2 - —&— Case 0
= —®—Case |
E |2 "\-\‘:ftg: —4&—(Case 2 |
£ .\ ..........
a "‘--'EQ.:?A
= \0::&1
=10 e - -
& -
= ~~a
% 0.8 ==
E]
=

0.6

0 20 40 60 80 100 120

Radial Distance from Core Center / cm

10 AN[R) 57 ] £ A1 B 77 S0 W R S 2 A IR 7
Fig.10 Mass flow rate distribution factor corresponding to
different the geometry structure of the shroud
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Fig.11 Comparison of velocity field distribution in the lower
plenum after adding shroud with solution case 0 (a) and
case 1 (b)
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T i = 38 S B F A 1E 0.84~1.25, 512 [ D) 2 [
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Table 4 Schemes of flow distribution

E S TR AT G NS el B
Number  Structure changes Standard deviation of matching factor / %
0 YIUE 45 ¥ Primary structure 30.7
1 35 Il % 5 42 200 mm - Increase height of upper plenum to 200 mm ~ 24.21
2 AN BRI 96 % 42 30 mm Increase width of downcomer to 30 mm 10.55
3 TR SO ALY, B 54 100 mm 5.16
Change the lower plenum to cylindrical, change the height to 100 mm
4 TGS T SR AL 4.14
Set the shroud in lower plenum, change the size of holes on support plate
2.0 - — 3 45iE
=g +C:a§el) |
g N e || A% 3L T CFD ¥4 4 #7 % FLUENT16.0, B
R . G JK T SRS R 51 A 1O R 4 L %
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s "“Qﬁ e St 7 s st R AL T 5, FFRTHE T % 0T
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= 06 N E 138 K s 28 e PT AT A 3 2 X P I TE A
Ut 20 40 60 80 100 120 BT ZE R, TR = S H A 200 mm, B O
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Fig.12 Comparison of mass flow rate distribution factor with
different solutions (case 0~4)
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Fig.13 Comparison of streamline distribution in lower plenum with different solutions
(a) Case 0, (b) Case 1, (c) Case 2, (d) Case 3, (e) Case 4
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