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Optimization Design of Deep Well Pump Based on
Latin Square Test

Wang Hongliang Shi Weidong Lu Weigang Zhou Ling Wang Chuan
( Technical and Research Center of Fluid Machinery Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract

An L (3") orthogonal experiment was designed with seven factors and three values including blades

numbers, outlet angle, outlet width, etc. 18 impellers were designed totally. The two stages of whole
flow field on deep well pump in the operating point for design was simulated by using CFD. The 18
groups of the design scheme for efficiency and head were obtained. Using Latin square test, the effect of
geometrical parameters on efficiency and head were researched. The primary and secondary sequence of
the design parameters were acquired by the method of variance analysis. According to the test result and
optimization design with experimental research, an optimum program to further design was put forward.

The result could be instructive to the design of the deep well pump, which was designed by the impeller

head maximum approach.

Key words Deep well pump, Geometrical parameters, Latin square test, CFD, Optimization
design
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Tab.1 Orthogonal experimental factors
3] E
K A B C D E F ¢
D ppj/mm by/mm B2/ (°) z D;/mm AB/ () h/mm
1 110 13 15 5 21 0 1.5
2 108 12 20 6 17 6 2.0
3 106 11 25 7 14 12 2.5
x2 RBEAR
Tab.2 Test scheme

P A (Dyi) B(b,) C(B,) D(z) E(D,) F(AB) G(h)
1 110 13 15 5 21 0 1.5
2 110 12 20 6 17 6 2.0
3 110 11 25 7 14 12 2.5
4 108 13 15 6 17 12 2.5
5 108 12 20 7 14 0 1.5
6 108 11 25 5 21 6 2.0
7 106 13 20 5 17 6 2.5
8 106 12 25 6 21 12 1.5
9 106 11 15 7 17 0 2.0
10 110 13 25 7 17 6 1.5
11 110 12 15 5 14 12 2.0
12 110 11 20 6 21 0 2.5
13 108 13 20 7 21 12 2.0
14 108 12 25 5 17 0 2.5
15 108 11 15 6 14 6 1.5
16 106 13 25 6 14 0 2.0
17 106 12 15 7 21 6 2.5
18 106 11 20 5 17 12 1.5
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Fig.1 Impeller without front shroud
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Fig.2 Guide vane
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Tab.3 Summary of test results

A e s
1 2 3 4 5 6 7 8 9
H/m 12.25 12. 87 13.65 11.83 13.72 11. 69 11.91 13.6 11.79
n/ % 65.7 65.6 63.03 66. 88 64.58 63.92 62.7 65. 36 67.63
(G
10 11 12 13 14 15 16 17 18
H/m 14.58 11.73 12.39 12.72 12. 19 11.25 14.05 11.5 10. 96
n/ % 61.49 66. 27 66.93 63.12 61.06 67.02 61.09 67.91 65. 82

R4 BERVESH

Tab.4 Efficiency results analysis at the rated point

A B C D E a G
K, 389.02 380.98 401. 41 385. 47 392.94 386.99 389.97
K, 386.58 390.78 388.75 392. 88 388.48 388. 64 387.63
K, 390.51 394. 35 375.95 387.76 384. 69 390. 48 388.51
k, 64. 84 63. 50 66. 90 64.25 65.49 64.50 65. 00
k, 64.43 65.13 64.79 65. 48 64.75 64.77 64.91
ks 65. 09 65.73 62. 68 64. 63 64.12 65. 08 64.75
R 0. 66 2.23 4.24 1.23 1.38 0.58 0.39

x5 FERBESN
Tab.5 Head results analysis at the rated point

A B C D E ¥ G
K, 77. 46 77.33 70. 34 70.72 74. 15 76. 38 76. 35
K, 73.39 75. 60 74.56 75.98 74.21 73.79 74. 85
K, 73. 81 71.73 79.76 77.95 76. 30 74. 48 73. 46
ky 12.91 12. 89 11.72 11.79 12.36 12.73 12.73
k, 12.23 12. 60 12.43 12. 66 12.37 12.30 12. 47
ks 12. 30 11.95 13.29 12.99 12.72 12. 41 12. 24
R 0. 68 0.93 1.57 1.21 0.36 0.43 0.48

GabtRath, RAKERMEAGH
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Tab.6 Impeller performance parameters

Fiht/md b ! HE 11 3/ Pa H 1 B R/ Pa J1%i/N-m AT 2/ kW i/ m BB/ %
12 2847 270 624 4.9885 1.488 4 27.32 59.97
16 4802 256 614 5.694 0 1.699 4 25. 67 65. 86
20 7326 232957 6.1851 1.8459 23.00 68. 13
24 10 480 197 321 6.3849 1.9056 19. 05 65.37
28 14 179 152 563 6.465 3 1.9290 14. 12 55.79
KT SATRTERERSH 90 17
80 ]
Tab.7 Pump performance parameters ¥ 70 6
~ 15
e 3 -1 . o . ¥ 60 =
WA/ m’ -h” BT R/ kW P/ m AR R % & 50 14 2
12 4.4652 81. 90 59.97 g 40 3§
g 30 = Rk KA |, =
16 5.098 2 77.01 65. 86 § P R 5 2
20 5.5377 69. 00 68. 13 lob T LT R 11
0
24 5.716 8 57.15 65.37 0 3 015 30 35 30
28 5.7870 42.36 55.79 Pkt /m3en!
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Fig.5 Performance curves
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Fig. 6 Static pressure distribution on middle face of impeller
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(b) Q=1.00,
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Fig.7 Static pressure distribution on middle face of guide vane
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Fig.8 Relative velocity distribution in the impeller

(a) 0=0.8Q, (b) Q=1.0Q, (c) Q=1.20,
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Fig. 9  Distribution of impeller turbulent energy
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Fig. 10 Relative velocity distribution in the guide vane
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Fig. 11 Distribution of guide vane turbulent energy
(a)Q=0.8Q, (b) Q=1.0Q, (c¢) Q=1.20,
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R 12 J o %) 4 T e N Y i 3l BB o AT . RS WEFS i/’ h BR/m RAW R %
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dr e o At HE O AL A B WA I B, 0 ] e IR p 15,99 2086 503596 64,74
THAFAE— & 08, A 1 T i — 2P otk . 7 18.23 70.59  5.28297 66.35
% ;m 8 19. 88 66. 52 5.454 179 66. 04
9 22.38 57.99 5.362 19 65.93
10 24.19 50.73 5.257 80 63.58
11 25.87 43. 04 5.170 02 58. 68
12 28.35 31.34 4.900 44 49.40
13 29.93 22.63 4.71998 39.08
6 ZEig
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Fig. 12 Distribution of rated flow turbulent energy
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