464 6 M ¥ $# AR NUCLEAR TECHNIQUES Vol.46,No.6
2023 4 6 J www.hjs.sinap.ac.cn June 2023

AT E X =8 btk R = K DAL i+
Sp=AN TR

HIEFE S BOME 45 B fREA
LR ERERE Fid N BT R 2018000
20 ERFEERERS dEET 100049)

TE  AFAKBRAIR AR, SR s 25 57w = (RIS 25 7 i 37D 7T F T 28 DUARE 3 i it L a7k 77tk e vh 4
THERIK SIPERERT S VUAKZ R AR 1 R e A = Mo AR SCRIFH ANSYS CEX A5 46 35 B i 2 b A7 2 (B A
U, -1 B 17 7% (Response Surface Methodology , RSMD #1371 1. 3% S 40 S5 A6 H b 2 18] BT AL RS , LSRN
R AL B bR, i85 55 AR AR S HE P 18 4% 572 (Non-dominated Sorting Genetic Algorithm 1T, NSGA-II) 43 %)
KA R B IR T e s B AR 5 K AR A B v o 45 SR IA < AR LG T /K 05, 45 36 108 T 28 B A Ak = ) 52
K A L5 N PGS R R % A TR I, Jo 50 O A A TR I A ot 1 ELAR AT By 1 22 O e/, et i B2 AN
3 P M ST D 0 FE R s SRR AR L A8 SRR A B R B i 1 1 1.26% , A2 151 17 1.40% , /KA AU AR AL 2
HRH T 0.92%, HFEFEIK T 0.64%. WEFCRARAT A T8 I8 LR MR K gk Bt .

KR AR RCE, BMEERL, 2 BRI, W, NSGA-I

hESHES TL3S3

DOI: 10.11889/j.0253-3219.2023.hjs.46.060602

Study on the influence of different working fluids on the hydraulic optimization design
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Abstract  [Background] As an innovative technology of nuclear power, magnetically suspended high-temperature
molten salt canned motor pump (referred to as molten salt canned motor pump) can be used in the fourth generation
molten salt reactor (MSR). Improving pump performance via hydraulic optimization design is significant to fourth-
generation nuclear power technology. [Purpose] This study aims to investigate the influence of different working
fluids on the hydraulic optimization design of magnetically suspended high-temperature molten salt-canned motor

pumps and provide suggestions for the optimal design of magnetically suspended high-temperature molten salt-
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canned motor pumps. [Methods] Firstly, ANSYS CFX software was employed to perform a numerical simulation of
a magnetically suspended high-temperature molten salt canned motor pump. Based on response surface methodology
(RSM), approximate models between significant parameters and optimization objectives were established. Then,
taking the efficiency and head as optimization objectives, a non-dominated sorting genetic algorithm II (NSGA-II)
was used to design the magnetically suspended high-temperature molten salt canned motor pump under molten salt
and water. [Results] Compared with water working fluid, the optimization space of the pump under molten salt
working fluid is larger. When the efficiency of the optimization model under the two working fluids is the same, the
impeller inlet diameter and the blade outlet placement angle of the molten salt optimization model are reduced,
whereas the impeller outlet width and the diffuser throat plane width are increased. The efficiency of the finally
determined molten salt optimization model is increased by 0.75% and the head is raised by 0.078 2 m whilst the
efficiency of the water optimization model is increased by 0.55%, and the head is reduced by 0.035 9 m.
[Conclusions] The research results of this study can be used to guide the hydraulic structure design of a magnetically

suspended high-temperature molten salt-canned motor pump.

Key words High-temperature molten salt-canned motor pump, Numerical simulation, Multi-objective optimization,

Response surface methodology, NSGA-II
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Table 2 Parameters and levels

2 ¥ Parameters

/KT (=1 Low level (-1) & 7K°F-(1)High level (1)

I-4&33k 1 BL4% Impeller inlet diameter D, / mm

-6 158 % Tmpeller outlet width b, / mm

I Fr3k 3847 B Blade leading edge position // mm

I Fr i3k 1 pF £ Blade incidence angle g, / (°)

I F 6L ) Blade wrap angle ¢ / (°)

I A 1122 iU Blade outlet placement angle S, / (°)
SIS - 1H 9% & Diffuser throat plane width a, / mm
S ST 55 B2 Diffuser outlet plane width @, / mm
Sk L1 #17) 98 FF Diffuser inlet axial width b, / mm

115 145
10 16
0 15
0 10
115 150
20 40
15 25
26 36
25 35

#3 Plackett-Burman it i it RitHER
Table 3 Plackett-Burman design parameters and results

Yn's Z ¥ Parameters 1% £k Molten salt 7K Water
Number D, b, l Bi ® B a; a, by H,,/m Na! % Hypo/ M 1 e ! Y0
1 -1 -1 -1 1 1 1 1 1 1 3.070 1 4491 3.246 0 47.27
2 -1 1 -1 -1 -1 1 1 -1 1 5.4273 58.60 54610 58.97
3 1 1 -1 1 1 -1 -1 -1 1 4.820 2 56.59  4.8569 57.20
4 -1 1 1 -1 1 -1 -1 1 1 4.027 6 51.38 4.1469 52.97
5 1 -1 -1 -1 1 1 -1 1 -1 4.394 4 56.41 44871 57.70
6 1 1 1 -1 1 1 1 -1 -1 4.047 2 51.51  4.1907 53.23
7 -1 1 1 1 -1 1 -1 1 -1 5.367 1 56.87 54205 57.63
8 -1 -1 1 1 1 -1 1 -1 -1 1.1379 25.47 1.3458 30.03
9 1 -1 1 -1 -1 -1 1 1 1 3.3255 52.75 33953 54.16
10 1 1 -1 1 -1 -1 1 1 -1 5418 6 58.41 54500 58.87
11 -1 -1 -1 -1 -1 -1 -1 -1 -1 3.8352 50.16 3.8733 51.12
12 1 -1 1 1 -1 1 -1 -1 1 3.4337 49.65 3.5394 51.05
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=5.15 + 0.643 2b, — 0.323 3¢ + 0.170 5B, — 0.147 3a, + 0.136 8D, + 0.140 4b,p — 0.085 8b, B, —

0.059 2b,a, — 0.108 7b,D, + 0.002 Tpfy, + 0.014 8pa, + 0.067 TpD, — 0.037 8f4,a; + 2)
0.035 98,,D, + 0.014 5a,D, - 0.176 1b,? - 0.056 9¢* — 0.100 18,,% — 0.116 2a,> — 0.032 0D, >
o = 0.594 9 + 0.009 3b, — 0.013 5¢ — 0.004 8B,, + 0.004 7a, + 0.009 7D, + 0.011 5b,¢ — 0.003 85, By, —
0.004 9b,a, — 0.009 4b,D, - 0.000 2pf,, + 0.000 6pa; + 0.006 29D, — 0.001 YBy,a;, + 3)
0.001 28,,D, + 0.001 3a,D, — 0.012 55, - 0.004 1¢* — 0.002 28,,> — 0.011 6a,> — 0.003 5D,>
H,,. = 5.19 + 0.626 6b, — 0.304 3p + 0.178 7B, — 0.138 3a, + 0.126 2D, + 0.172 5,9 — 0.090 6b, B, —
0.071 9b,a, — 0.100 2b,D, + 0.008 4pf,, + 0.013 20a, + 0.062 TpD, — 0.025 3fy,a, + @)
0.018 98, D, + 0.013 3a,D, - 0.181 85,2 — 0.059 1¢* — 0.087 284, — 0.104 6a;> — 0.027 5D,>
o = 0.602 5 + 0.007 6b, — 0.012 1 — 0.004 7B, + 0.004 8a, + 0.008 4D, + 0.017 8b,¢ — 0.003 4b, By, —
0.005 8b,a, — 0.008 4b,D, + 0.000 0pf,, + 0.000 4ga, + 0.005 7D, — 0.002 4,,a; + )
0.001 48,,D, + 0.001 1a,D, - 0.013 2b,% - 0.004 84> — 0.001 88,,> — 0.011 6a,> — 0.003 4D,>

#4 Box-Behnkeni{ i it RitHER
Table 4 Box-Behnken design parameters and results

Ui 2% Parameters 1% £k Molten salt 7K Water

Number b, 9 B a; D, H, /m N ! %o H,,./m e ! %o
1 0 -1 0 1 0 5.1070 59.55 5.1333 60.07
2 0 -1 0 -1 4.7479 58.96 4.8013 59.87
3 0 1 -1 0 5.2619 57.38 5.336 6 58.23
4 0 -1 1 5.4652 60.27 54783 60.76
5 1 1 0 5.3475 58.04 5.396 8 58.85
6 0 0 -1 1 4.906 7 60.34 49885 60.85
7 -1 0 -1 0 42391 54.39 42832 55.22
8 0 1 -1 0 4.796 4 55.91 4878 3 56.96
9 -1 0 0 -1 4.0253 54.41 4.108 4 55.65
10 0 1 -1 0 0 4.5200 58.25 45855 59.34
11 1 0 0 -1 5.6779 58.24 5.700 6 58.86
12 0 -1 -1 0 5.156 1 60.60 5.1825 61.16
13 0 1 0 1 4.493 1 56.81 4.5617 57.73
14 0 1 0 -1 4.5079 55.67 4.606 4 56.94
15 0 0 1 -1 4.688 2 57.20 4.752 0 58.06
16 0 0 -1 -1 4.908 9 57.87 4.943 2 58.61
17 1 0 1 0 5.6416 58.24 5.667 4 58.82
18 0 0 0 0 5.1505 59.49 5.190 3 60.25
19 0 -1 1 0 5.463 6 59.33 5.4870 59.86
20 0 0 1 0 -1 5.060 1 57.43 5.1257 58.36
21 0 0 0 5.1505 59.49 5.1903 60.25
22 0 0 0 5.1505 59.49 5.190 3 60.25
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g3k

Y 2% Parameters 1% £k Molten salt 7K Water

Number b, 9 P a, D, H, /m N ! %o H,./m Naer | %6
23 0 0 0 0 0 5.1505 59.49 5.1903 60.25
24 0 0 0 0 0 5.1505 59.49 5.190 3 60.25
25 0 0 0 0 0 5.1505 59.49 5.190 3 60.25
26 0 0 0 1 1 4.999 3 59.56 5.0311 60.14
27 -1 0 0 1 0 4.146 0 56.68 42559 57.85
28 -1 0 0 0 1 4.5380 58.58 45852 59.42
29 1 0 0 0 1 5.6316 59.28 5.656 2 59.81
30 0 0 0 -1 1 5.3107 58.78 5.330 8 59.27
31 0 -1 0 0 -1 53146 59.76 5.3477 60.42
32 0 -1 0 -1 0 5.469 7 58.91 5.502 8 59.44
33 0 1 1 0 4.893 1 58.14 5.0202 58.79
34 -1 0 -1 0 0 3.9225 56.79 3.974 9 57.92
35 1 -1 0 0 0 5.707 4 58.45 5.692 1 58.40
36 0 1 1 0 0 4.838 1 56.92 49235 58.04
37 1 0 0 0 -1 5.5536 58.86 5.5802 59.41
38 0 0 0 -1 -1 5.057 4 56.93 5.104 9 57.62
39 -1 0 1 0 0 4.484 0 57.18 4.559 8 58.22
40 0 1 0 0 1 49293 58.66 4987 8 59.57
41 0 -1 0 0 54234 59.39 5.444 8 59.89
42 -1 1 0 0 0 3.8813 55.56 3.8725 55.06
43 0 -1 1 0 4.6912 59.41 4.728 2 60.14
44 0 0 0 1 5.362 4 59.31 5.388 6 59.89
45 -1 -1 0 0 4.8029 60.57 4.8579 61.73
46 1 0 0 1 0 5.3479 58.56 5.3857 59.16

DN 6 I AT AU R )RS 0 T T E R A
R? o K50 3 ALURE Y J7 2 PR 400 5 RO P o L o on
(1) 4 B2 R R0 1 B e REULR? R S TR
R? BT 1 R B AUSETY J7 FR 00 R R R LT, 7 ol
TIRFEN R ARFEE 1, B0 R, 217509, 353
R E SR, 2 B I 7 THT ¥ S ST 9 3 RS2 mT T
Z HixrF.

=5 ABRERY

Table 5 Adjusted coefficients of determination

A Models R

Hy, 0.992 8
Nsa 0.886 9
Hyer 0.993 6
Naer 0.904 6
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Table 6 Comparison of optimization results
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