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ABSTRACT

The authors have studied hydraulic design of reactor coolant pump used for small modular reactor. Computational fluid
dynamics was used to evaluate the impeller design. Seven factors for the 3D shape variables of the Impeller were selected as
a design variables. As a result of using the response surface method for optimizing the shape of the impeller, we were able
to select four major design factors for efficiency. The four factors were the impeller blade lengths, outlet blade angle
component, and rake component. Finally, we obtained an efficient impeller design through the optimization of these four factors.

The head increasing was 0.4m and the efficiency was improved by 0.5% compared to the original model.
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Table 1 Design specifications of pump

Design point Specification
Specific speed(rpm,m3/s,m) 99.5
@ (Flow coefficient) 0.185
w (Head coefficient) 0.604
Number of Impeller blade 5
Number of Diffuser blade 9

r

g

Fig. 1 Meridional section of the reactor coolant pump

Fig. 2 3D geometry of the Impeller and Axial diffuser
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Fig. 3 Results of grid dependency test
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Table 2 Performance data according to Impeller 3D using DOE tan( ):(ﬁ) )
Case | Bi b | Bish | O ro | O s | Rake | Bosw| X |Head | Eff.

1 |350 164 [-100(-100] 500 [ 240 | 1.6 | 180 | 772 .

2 390|164 |-10.0|-10.0| 5.00 | 200 | 12 | 155 | 76.8 tanﬁw,i:(%j) tanfB,5 (5)
3 |350 204 |-10.0-10.0| 5.00 | 200 | 12 | 154 | 768

4 |390 204 |-10.0-10.0] 500 | 240 | 1.6 | 17.5 | 77.1

5 [350 (164|100 [-100| 500 | 200 | 1.6 | 144 | 772 AEA -2 Minitab R14E 0136}04 Fegstglon |
6 |390 164|100 |-100] 500 | 240 | 12 | 150 | 774 B 2j—r A 49 BEQ ol HAHIHS o]
7 350204 | 100 |-10.0| 5.00 | 240 | 12 | 148 | 77.1 a3lo] 2AAL Z3slo] & 33719 o:l/\}oﬂ EIIPS RGPS K-
8 | 390|204 | 100 [-100 500 | 200 | 1.6 | 13.8 | 76.4 érag—a—hgcq Table 20] A7 €A} ¥ 2 54 ZHS e
9 |350 | 164 |-10.0| 10.0 | 5.00 | 200 | 12 | 17.8 | 74.9 Yot} 7]Z Reference WHEle Zuski =4 grel
10 | 39.0 | 164 |-10.0| 10.0 | 500 | 240 | 1.6 | 19.5 | 75.5 Case3394 ﬁ% ﬁ@ﬁ}‘ﬂ?«@ CQ:rL AR =y _4 730_?_ 7]_:«‘1_1_ %1/\}
11 [ 350 | 204 |-10.0 | 10.0 | 5.00 | 24.0 | 1.6 | 193 | 75.0 ZHIncidence angle)S 2°2 AAGIG O QIAlZF Hoj
12 | 390 | 204 |-10.0 | 10.0 | 5.00 | 200 | 12 | 17.2 | 743 +oom MBIt AMid o oxjzto] 2L Ao ok
13 [350 | 164 | 100 | 10.0 | 5.00 | 24.0 | 12 | 17.1 | 77.1 QAo SE B4 (net positive suction hea d)7} 27
s o0 Tane Tio0 100 Tso0 a0 [ 16 Taor [ria| 271 37190 A 50 olod, otel 2 A9
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16 | 39.0 | 204 | 10.0 | 10.0 | 5.00 | 24.0 | 12 | 166 | 77.0 7] HEe] Ak Mol 008 Welz kA 3]
17 | 350 | 164 |-10.0 |-10.0|15.00| 24.0 | 12 | 17.6 | 765 o B

18 | 390 | 164 |-10.0 |-10.0|15.00| 200 | 1.6 | 169 | 76.7 FomEbA AR el 220w el of71A At
19 | 350 | 204 |-10.0 |-10.0 | 15.00| 200 | 1.6 | 167 | 76.6 A= @hE e Ao W go= dein 7
20 |39.0 | 204 |-10.0|-100|1500| 240 | 12 | 172 | 765 (Warp angle) ] Z-41 & 3]H4= 120°, 4{2hp-Eas 113%¢]
21 {350 | 164 | 100 [-10.0 [1500] 200 | 1.2 | 142 | 768 ), 9] IS 7IEC R £10°9 H9E 7HA L WA A st
22 (390 | 164 | 100 |[-10.0 [15.00| 240 | 1.6 | 166 | 774 ot dE9y E4Z4E By g Base B9 & A 4
23 | 350 | 204 | 10.0 | -10.0 [ 15.00| 240 | 1.6 | 163 | 77.1 E 71808 £2°, Bowwe A FlEE AFE F3lA A4
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27 [350 | 204 [-10.0 | 10.0 [15.00| 24.0 | 12 | 19.1 | 73.7 A Bzl olEy sl W Halos 7] Zo|, Ho]Z, B
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Table 3 Performance data according to Impeller 3D using RSM

Case [fll;;;b 5:'1*::)' 0 b | O s | Rake | Bo s (F)i(x) Head | Eff.
1 370 | 184 |-15.0|-150| 0.0 | 19.0 | 1.4 | 15.0 | 75.7
2 370 | 184 | 150 |-150| 0.0 | 19.0 | 1.4 | 114 | 73.6
3 370 | 184 |-15.0| 150 | 0.0 | 19.0 | 1.4 | 179 | 72.1
4 370 | 184 | 150 | 150 | 0.0 | 19.0 | 1.4 | 15.0 | 75.6
5 37.0 | 184 |-15.0|-150] 20.0 | 19.0 | 1.4 | 164 | 75.0
6 370 | 184 | 150 |-150] 20.0 | 19.0 | 1.4 | 13.0 | 75.1
7 370 | 184 |-15.0| 150 | 20.0 | 19.0 | 1.4 | 17.0 | 65.1
8 370 | 184 | 150 | 150|200 | 19.0 | 1.4 | 163 | 749
9 370 | 184 |-15.0|-150| 0.0 | 250 | 1.4 | 17.1 | 75.8
10 | 370 | 184 | 150 |-150| 0.0 | 250 | 14 | 141 | 754
11 | 370 | 184 |-150| 150 | 00 | 250 | 14 | 19.7 | 73.1
12 | 370 | 184 | 150 | 150 | 0.0 | 250 | 14 | 17.1 | 759
13 | 370 | 184 |-150|-150| 20.0 | 25.0 | 14 | 184 | 755
14 | 370 | 184 | 15.0 |-150| 20.0 | 25.0 | 14 | 156 | 76.3
15 | 370 | 184 |-150| 15.0 | 20.0 | 25.0 | 1.4 | 18.7 | 66.0
16 | 370 | 184 | 150 | 150 | 20.0 | 250 | 1.4 | 183 | 75.2
17 | 370 | 184 |-300| 0.0 | 10.0 | 220 | 1.4 | 192 | 71.0
18 | 37.0 | 184 | 30.0 | 0.0 | 10.0 | 22.0 | 14 | 13.7 | 755
19 | 370 | 184 | 0.0 |-30.0| 10.0 | 22.0 | 14 | 13.7 | 75.5
20 (370|184 | 00 |30.0 | 100|220 | 14 | 192 | 71.1
21 (370184 | 00 | 00 [-10.0| 220 | 14 | 154 | 759
22 (370184 | 00 | 00 300|220 | 14 | 182 | 747
23 (370 (184 | 00 | 00 | 10.0 | 160 | 14 | 144 | 746
24 (370184 | 00 | 00 | 10.0 | 28.0 | 14 | 188 | 75.6
25 (370 (184 | 00 | 00 | 10.0 | 220 | 14 | 165 | 769
Optil | 37.0 | 184 | 27.5| 30 |-10.0| 235 | 14 | 169 | 774
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Table 4 Total pressure at the measurement location

[Pa]
ptl pt2 pt3 pt4 pt5
Case25 0.4 -6958.9 | 175277.0 | 171164.0 | 161735.6
Optil 0.4 -5199.2 | 177892.0 | 173819.0 | 165473.0

Table 5 Differential pressure at the measurement location

[Pa]
pt2-ptl | pt3-pt2 | ptd-pt3 | ptS-ptd | ptS-ptl
Case25 -6959.2 | 182235.9 | -4113.0 | -9428.0 | 161735.6
Optil -5199.6 | 183091.2 | -4073.0 | -8346.0 | 165472.6
Optil-Case25 | 1759.7 855.3 40.0 1082.0 | 3737.0
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