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Analysis of typical flow blockage accidents of single annular fuel assembly for

lead-bismuth cooled fast reactor

CHEN Qi LING Yufan ZHAO Pengcheng ZHAO Yanan YU Tao
(School of Nuclear Science and Technology, University of South China, Hengyang 421001, China)

Abstract  [Background] The annular fuel assembly of lead-bismuth cooled fast reactor has many safety
advantages, but during its operation, due to the corrosive effect of lead-bismuth coolant, it is prone to blockage
accidents, resulting in deterioration of heat transfer and jeopardizing the integrity of the first barrier. Therefore, it is
urgent to research and analyze the blockage accident for the annular fuel assembly of the lead-bismuth-cooled fast
reactor. [Methods] A 5x5 single annular fuel assembly model was established, and numerical simulations for
blockage of the inner and outer channel were carried out with different blockage areas, blockage thicknesses, and
axial position of the blockage based on the computational fluid dynamics (CFD) software Fluent. The temperature
distribution of the claddings, the flow field distribution near the blockage, the mass flow change of the channel, the

radial temperature distribution, and the heat distribution of the fuel element at the blockage are compared with the
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result in no-blockage case. [Results] Simulation results indicate that the increase in the blockage area leads to a
significant increase in the cladding temperature of the blockage area, an expansion of the scope of the recirculation
area expands, the position of the highest temperature point of the fuel pellet shifts to the blockage side, and the heat
flux density on the blockage side decreases. When the blockage fraction is large, the changes of parameters are
similar to the above conclusions as the blockage thickness increases; when the blockage is located at the entrance, the
local temperature rise of the cladding is smaller than that when the blockage is located at the center; with the increase
of the blockage area and thickness and as the blockage position gets closer to the entrance of the active zone, the flow

loss of the inner channel increases significantly, while the flow of the outer channel is almost unaffected.

[Conclusions] Therefore, the damage is more serious when the blockage accident occurs in the inner channel.
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Fig.1 Geometric structure
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Table 1 Geometry parameters of annular fuel assembly
ZH EV¢E
Parameter Values
AR 42 Rod number 25

WAL 4% Inner diameter of inner cladding / mm 3.643
W AL5E4ME Outer diameter of inner cladding / mm 4.243
PRELEHL 42 Inner diameter of fuel pellet/ mm  4.393
PRELEHLAME Outer diameter of fuel pellet/ mm  6.427
AMELFE P42 Inner diameter of outer cladding / mm 6.577
AMELFEAE Outer diameter of outer cladding / mm 7.177

TEMEIX K JZ Length of active region / mm 1200
M2 LL Pitch to diameter ratio 1.070

El2 vl S REE

Fig.2 Schematic diagram of sub-channel numbering
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Fig.3 Distribution of liner power of fuel element
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Table 2 Material properties

sitsel 28 il
Structural ~ Parameter Values
material
TAEEE A 159 - 2.72 x 1027 +
&4 Specific heat 712 x10° 1
LBE [ Density 1.136 7 — 1.194 4T
MG 9.2 +0.0117
Thermal conductivity
Fh1E Viscosity 4.56x107 - 7.03 x
10°°7 + 3.61 x 107°T?
(0 EEAE 509.61
Cladding  Specific heat
2B Density 7959.8
RS 14.646
Thermal conductivity
SR FE# 2% Specific heat 5191
Gap
%% & Density 2.425
MR 0.51
Thermal conductivity
AALEhEE LRV 307
MOX Specific heat
¥ Density 10 994
MR 3.9192

Thermal conductivity

SRR T 22 AT B )2 N S #8OAS S R 1% s i
B HEAT A o SR AR simple 535 50 25 B07
FE » 185 kS R faa KUk 2K

PRI 81T Z 8O R 3, 1B
EREE NN LT O ¥ 5E 8 K 101

®3 BITEH
Table 3 Operating parameters

2 ¥ Parameter HU{H Values
#1552 Type of coolant LBE

A HIFEE R E Coolant inlet temperature / K 673.15

Jiif i 7 Mass flow rate / kg-s™

54.8

110602-3



Wi BL%E . BYBRPRME SR GBI AL S R S s B

165 0 MPa [RIIL 26 . i TAH AT AR A #A T 2
JUST A I 0K 2H A 2 7 B T A 3] 4 T 55 DX Jsk
P L T S T ) 50 B O 2 R SR A DL S AR AT LA 1)
{BEAYESLIR

nuop @

Temperature / K
1 j —1
(=]

—7.5%10°
- -L1%10
- = 1.5x10°

0.2 04 0.6 0.8 1.0 1.2
Axial Height / m

1.4 RSEURM S

{5 FH Fluent mesh % JUAR[ AR Y 2547 A% &) 43, A2
R TR XS o N BRAIE A SC BT I8 XA 0t 11 55 R o
P, 75 U 540 AT 2 B, 43 S0l 3 B I A% B0l 7.5
100 1.1x107, 1.5%107 ff) = Fbt )] § A% i3t 47 R 850 4y
BT, g5 R 4 fios o

[ (b

700 F

Temperature / K

=)
b=
=3

=3
ce
=]

670
0 0.2 04 0.6 0.8 1.0 12
Axial Height / m

4 PURSHURMESHT  (a) TIEIE49,(b) THEIE 21
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Table 4 Selected cases of blockage accident

LHom > N THER T it m = o T T AR EL A1)
Case No. Thickness / mm Subchannel number Start / mm Area percentage / %
Al 10 49 0 25
Bl 10 21 0 25
A2 10 49 595 25
B2 10 21 595 25
A3 10 49 595 50
B3 10 21 595 50
A4 10 49 595 75
B4 10 21 595 75
A5 20 49 590 25
B5 20 21 590 25
A6 20 49 590 75
B6 20 21 590 75
A7 30 49 585 25
B7 30 21 585 25
A8 30 49 585 75
B8 30 21 585 75
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Fig.6 Effect of blockage area on axial cladding temperature (a) Inner channel, (b) Outer channel
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Fig.7 Distribution of axial velocity field around blockage of case B2, B3, B4
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Table 5 Effect of blockage area on mass flow and heat split in inner and outer channel

TEER S R TS e TEHUE SMETEAERE A EE R A A
Subchannel  Area Case No. Mass flow Mass Outer channel Inner channel
number percentage / % /kgs™ flow loss / %  heat share / % heat share / %
49 0 IE# T Normal 0.744 363 40 0 60 40
25 A2 0.716 657 13 3.722 1 62.5 37.5
50 A3 0.592 132 28 204512 66 34
75 A4 0.260 966 99 64.940 9 73.7 26
21 0 1E% 1.4 Normal 36.233 992 0 60 40
25 B2 36.233 344 0.06 59.2 40.8
50 B3 36.213 120 0.05 55.7 443
75 B4 36.188 448 0.13 54.2 45.8
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Fig.8 Radial temperature distribution at blockage (a) Inner channel, (b) Outer channel
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Table 6 Effect of blockage thickness on mass flow and heat split in inner and outer channel

TEER S HEZEME MIRTE - R TEAR K SMBETEREMB A EE R
Subchannel  Area percentage  Case No. Mass flow Mass flow loss  Outer channel heat  Inner channel heat
number /% /kgs™ /% share / % share / %
49 0 IEFTHL 07443634 0 60 40
Normal
25 A2 0.716 657 0 3.722 62.5 37.5
AS 0.713416 3 4.157 62.6 374
A7 0.713 3400 4.167 62.8 37.2
75 A4 0.260 966 99 64.940 9 73.7 26.3
A6 0.247 804 44 66.709 0 73.8 26.2
A8 0235041 71 68.424 0 74 26
21 0 1B L 36.233 992 0 60 40
Normal
25 B2 36.233 344 0.001 78 59.2 40.8
BS 36.220 002 0.038 00 59.1 40.9
B7 36.218 691 0.042 00 58.9 41.1
75 B4 36.188 448 0.13 54.2 45.8
B6 36.171 942 0.17 533 46.7
B8 36.167 840 0.18 52.4 47.6
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Fig.12 Effect of axial position of the blockage on axial cladding temperature (a) Inner channel, (b) Outer channel
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Table 7 Effect of axial position of the blockage on mass flow in inner and outer channel

ERLECE TR B JE TR YR THgws  HE HER
Subchannel number  Area percentage / %  Blockage thickness/mm  Case No. Mass flow / kg-s™ Mass flow loss / %
49 0 10 IEHTH 0744363 4 0
Normal
25 10 Al 0.702 245 92 5.645 1
10 A2 0.716 657 13 3.7221
21 0 10 IERTH 36.233992 0
Normal
25 10 Bl 36.227 118 0.68
10 B2 36.233 344 0.001
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