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Design and Hydraulic Performance Analysis of Axial Lead-Bismuth Pump

WANG Kailin, LI Liangxing, ZHANG Shuanglei, ZHANG Zhengzheng

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The lead-bismuth eutectic (LBE) primary pump is a key conveying equipment in lead
or lead-alloy cooled fast reactors (LFRs). In order to explore the suitable optimal design scheme
of LBE pump, based on the velocity triangle theory and cylinder layer independence, LLBE pumps
with different rotational speeds are designed. Using Ansys CFX software, the hydraulic model of
LBE pumps with different rotating speeds and LBE pump without guide vane were constructed,
then the influence of different rotating speeds and vane design on the hydraulic performance of
axial lead-bismuth pump was studied by SST k-w turbulence model. The results show that guide
vane is an important component for low velocity design of lead-bismuth pump, which helps to
reduce the coolant flow velocity from 4 m/s to 1.8 m/s in 420 rpm pump impeller outlet. The
highest relative coolant flow velocity between coolant and wall in the pump is distributed in the
blade leading edge of pump shroud and it increases with the rotating speed. Low rotating speed
LBE pump has better performance near the rated flow rate (0.8 times~ 1.2 times rated flow),
which is more suitable for the reactors running under long-term and high-load operation
conditions. The research work will provide reference for performance analysis and theoretical
design optimization of the primary LBE pumps of lead-cooled fast reactor.

Keywords: lead-cooled fast reactors; primary pump; lead-bismuth eutectic; axial lead-bismuth

pump; hydraulic performance
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rad rad rad rad (me+s™) (m+s) (mes ) (mesH) (m+s') m m kPa m
L, 0.461 0.863 0.712 1.57 4.52 4.52 2.25 2.25 5.05 0.107 0.162 125 1.2
L, 0.381 0.582 0.798 1.57 5.48 5.48 2. 20 2. 20 5.91 0.122 0.160 125 1.2
L, 0.322 0.435 0.867 1.57 6. 45 6. 45 2. 15 2. 15 6. 80 0.137 0.158 125 1.2
L, 0.276  0.347 0.925 1.57 7. 40 7. 40 2. 10 2. 10 7.69 0.152  0.157 125 1.2
L; 0. 241 0.286 0.973 1.57 8. 37 8. 37 2.06 2.06 8.62 0.167 0.670 125 1.2
A 2 #i% 2 420 r/min #9-F @ A7) T A et R R A S
. B/ B/ as/ ar/ u/ uy/ U1 / Uz / Unnax / L./ L/ o/ Hg/
R rad rad rad rad (me+s ') (mes ') (mes ') (mes ') (mes ") m m kPa m
L, 0.584 1.267 0.628 1.57 3. 80 3. 80 2.25 2.25 4.42 0.080 0.162 125 1.2
L, 0.445 0.819 0.711 1.57 4.61 4.61 2. 20 2. 20 5.11 0.092 0.160 125 1.2
L; 0.378 0.585 0.780 1.57 5.42 5.42 2.15 2.15 5. 83 0.103 0.158 125 1.2
L, 0.326 0.452 0.839 1.57 6.22 6.22 2. 10 2. 10 6. 56 0.114  0.157 125 1.2
Ls 0.285 0.367 0.889 1.57 7.03 7.03 2.06 2.06 7.33 0.126 0.156 125 1.2
A3 #ik A 340 r/min 89 F @ A 5 et Aot A R A
28 B/ B/ as/ ar/ w/ u,/ U / Uz / U / L./ L./ o,/ H,/
rad rad rad rad (me+es ) (mes ') (mes ) (mes ) (mes ') m m kPa m
L, 0.637 1.566 0.639 1.57 3. 64 3. 64 2.70 2.70 4.53 0.133 0.162 125 1.2
L, 0. 565 1.217  0.691 1. 57 4.16 4.16 2. 64 2. 64 4.93 0.164 0.160 125 1.2
L, 0.505 0.952 0.739 1.57 4. 67 4.67 2.58 2.58 5. 34 0.195 0.158 125 1.2
L, 0.454 0.765 0.780 1.57 5.18 5.18 2.53 2.53 5.76 0.228 0.157 125 1.2
L; 0.410 0.633 0.817 1.57 5.69 5.69 2.47 2.47 6. 20 0.261 0.156 125 1.2
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