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Abstract

Based on the design requirements of non-overload centrifugal pump, blade outlet angle B,, blade

outlet width b,, throat area F, and the inlet diameter of short blade D,, all of which affects the
performance of centrifugal pump with complex impeller were chosen to design nine centrifugal pump
models with complex impeller. Numerical simulation of whole flow field based on Fluent was adopted to
do orthogonal test, the important order of geometric parameters affect the performance of centrifugal pump
with complex impeller. The best design scheme for pump model was acquired. Through the test of
specimen of the best design scheme, it demonstrated that the excellent selection by using numerical
simulation of whole flow field was non-overload and high efficiency. Orthogonal test based on numerical
simulation of whole flow field was verified by the research result.

Key words Centrifugal pump, Complex impeller, Numerical simulation, Orthogonal test, Whole
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Fig.1 Schematic diagram of computational domain
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Tab.1 Factor level

K B,/ (°) b,/mm D,/mm F,/mm?
1 13 6 151 996. 9
2 15 9 158 1428.7
3 18 12 168 1716.0
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Tab.2 Orthogonal test scheme

Sl A B c D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 I 3 2
8 3 2 1 3
9 3 3 2 1
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Tab.3 Collection of numerical simulation results

BIE R B 19 R0% I B KA T % R
KT
0/m’ h~! H/m /% Qo /m” - H,, /m L Qprae/m® +h ! P, /kW
1 50. 00 44. 42 61.49 47.58 46. 49 61.69 54.58 10. 08
2 50. 00 58.73 66. 49 60. 16 54.06 68. 14 82.50 14.17
3 50. 00 63.35 60. 77 73.92 56. 05 68. 60 107. 15 18.27
4 50. 00 50.93 64. 60 58.92 45.57 65. 80 65.93 11.42
5 50. 00 60.22 63. 49 61.30 55. 60 65. 00 98.76 16. 48
6 50. 00 64. 84 63.36 72.24 58.98 67.50 125. 00 20. 90
7 50. 00 53.70 64.03 58.75 49.05 65.02 76.58 12. 84
8 50. 00 62.01 64. 66 70.35 56.31 68. 69 114.22 18.31
9 50. 00 65. 88 63.21 68. 94 60. 35 68. 81 142. 56 23.63
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Tab.4 Analysis of simulation results of rated point

PEREE bR

B, b, D; F

K; 166. 49 149. 05 171. 26 170. 51

K, 175.99 180. 95 175. 54 177.26

Ky 181.58 194. 06 177.26 176. 28
H/m k, 55.50 49. 68 57.09 56. 84
k, 58. 66 60. 32 58.51 59.09
ks 60. 53 64. 69 59.09 58.76
R 5.03 15.01 2.00 2.25
K, 188.75 190. 12 189.51 188. 19
K, 191. 44 194. 64 194. 29 193. 88
Ky 191. 90 187. 34 188. 30 190. 03
n/ % k, 62.92 63.37 63.17 62.73
k, 63. 81 64. 88 64.76 64. 63
ks 63.97 62.45 62.77 63. 34
R 1.05 2.43 2.00 1.89
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Tab.S Analysis of simulation results of the Tab.7 Important order of each parameter
best efficiency point H b, B, F, D,
] B % BUE R " b, D, F, B,
PERETE
2 by D, F, Qemax b, F, B2 D;
K,  181.66  165.26  190.17  177.82 R H,. by B, F, D,
K, 19246  191.81  188.03  191.15 _— b, F D, 8,
K 198. 05 215.10 193.97 203. 19
Qemdx ? QPmux bZ BZ Ft Di
k, 60. 55 55.09 63.39 59.27 e KT 2 05
/m3 +h~! P b, B F, D;
k, 64.15 63.94 62. 68 63.72
ks 66.02  71.70  64.66  67.73 £8 WHEEEEKE
R 5.46 16. 61 1.98 8.46 Tab.8 Primary selection of each factor level
K, 156. 60 141. 11 161.78 162. 45 A %
K,  160.15  165.97  159.99  162.09 PERESE A
B C D
K; 165.71 175.38 160. 69 157.93
Hmna\ H 3 3 3 2
ky 52.20 47.04 53.93 54.15
/m 7 3 2 2 2
k, 53.38 55.32 53.33 54.03
Q pinas 1 1 3 2
ks 55.24 58.46 53.56 52. 64
P,
3.04 11.42 0. 60 1.51 e ! ! 3 2
K, 198.43  192.51  197.88  195.49 Qe ! ! 2 !
K,  198.30  201.83  202.74  200.66 H o 3 3 1 1
K; 202. 52 204.91 198. 62 203. 09 M max 3 3 2 3
n/ % ky 66. 14 64.17 65.96 65.16
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k, 66. 10 67.28 67.58 66. 89 W DX QM F052 Dy AL T Dy 5 D,
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R 1.41 4.13 1.62 1.72 P53 Moes Dy AL, EHZ SR L, UKFE D, R
s
6 = ThE &L > T 2 3 [
®6 BAMBRRBMERDH PELHE 6 140052 4 4 T 0 R AL AL 2
Tab.6 Analysis of simulation results of the RSN N N e vp
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R 4.09 9.49 0.57 0.76

schemes selected



26 P A1 R A S 4

2010 4

AR, B 77 58 2 Be07 58 1 B X o s Al D 4l
VN T RERSIHLI & HJr % 2 T 4 B 7 12
MR R T J5 % 1 X R B 8 bre, 2 FhJ7 51
A BTE M R

RSB T 2 FALALTT ST BUE AR AR
A R Al T R % R 4 AR A, R bl UR
L2 BT ST BUE R R T RO EOR, Y
E1TFHE RN 63.21% , AR T % 5 2

R, TR 28 E S RN 65.33% i T AN
SR %8 2 fe e AR R K e R ) 2 i L E
BHE AT RER. TE27 Q=56.84m’/h
A% H =58. 54 m, 30% & ik 67.08% ,P =13.51 kW,
TR Q=5501 m’/h (45 H=55.1m, 3K
ik 64.82% ,P =12.75 kW, A It 7T %0, 2 Ff 3k {7
ZAE R & X LA I 1 B 45 AR S A H 4 2

R9 WHERARFTRAMEERE

Tab.9 Performance index value of the two combination schemes selected

W% HER AR LIS %
Q/m*-h H/m n/% Quas/m* +h ™! H, o/ m N % Qpun/m*+h™" P /KW
VES! 50. 00 58.33 63.21 62.01 50. 84 65. 30 74. 82 13.48
EY 50. 00 61.25 65.33 67.57 53.13 68.28 83. 11 14.82
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