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Hydraulic design and quadratic regression orthogonal
experiment of deep well centrifugal pumps

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

Abstract; According to the research and development request of new deep well pump energy-saving and
material-saving, test investigation was taken to increase the efficiency of deep well pumps by using
hydraulic design of impeller, the modern CFD and the quadratic regression orthogonal test method. The
experiment was carried out with two factors of outlet angle and outlet width. Ten impellers were designed
through testing schemes of quadratic regression. The whole flow field of the two-stage new-type deep well
pumps at design condition was simulated by CFD, and the efficiency of each case was obtained. The
effects of both outlet angle and outlet width on efficiency were investigated through quadratic regression
orthogonal testing method. According to the calculation results, constrained quadratic regression equation
of the efficiency was put forward. The result shows that it would be instructive to increase the hydraulic
efficiency of new-type deep well pumps by using the impeller diameter maximum approach.
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Fig.1 Cross-section of impeller
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Fig.2 Cross-section of guide vane
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RTERE AT AT X AN #E B, (10° ~ 25°) ,6,(9 ~
13 mm) FUECE BHRZEMXR i TRHEBm =
2, MR ERFRBKEm, =2, REESHK
M AR 134 = 1.078.

REREB (x,) K LR %, K25, TRx, K
10°, BT LAF K F R 20 = 17.50, ZEALIEIBE A, =
6.96, kK Fx, =24.46, F/KFx, =10.54. [d 4,
ATLAHH AR by (x,) H%ES, RE L

*x1 BAER5KE
Tab.1 Factors and levels
HARER
b Kk 4
X Xy
LRYH 25.00 13.00
LEKEL 24.46 12.86
FK¥1 17.50 11.00
FA¥-1 10.54 9.15
TESH-r 10.00 9.00
FMBAIA, 6.9 1.86
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Tab.2 Experiment program

487 1 2 3 4 5 6 7 8 9 10

z i 1 -1 -1 1.078 ~1.078 0 0 0 0

2z 1 -1 1 -1 0 0 1.078 -1.078 0 0

B/ (°) 12.86 12.86 9.15 9.15 13.00 9.00 11.00 11.00 11.00 11.00

by/mm 24.46 10.54 24.46 10.54 17.54 17.50 25.00 10.00 17.50 17.50
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3.1 #=EHIHEA
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R . KA 1 R T ReFent 58 LR MIXT B %
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HEHR SRR, Rk - e D7 i A A
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3.2.1 THANFKEH
LEEREET A ENEK, BEE R 998.2 kg/
m®, 3 /K5 B 4 0. 001 003 Pa - s.
3.2.2 HERERBR AT EHEARIK
£ Pro/E w143 i %1 i OV B o5 | ot R A 2
B, 5 A Gambit H1E i — 25 4b L. 52 M R 2 5%
B X RS , R4 T A R4, R P AL P 4%
AR tL R H LS & 80 7 1. Hedk 1.00 x 10° B
2.50 x 10° MR ¥ A4 5 4R, & BLIE WS
BiA 1.75 x10° J5 , R S REFE0.5% LA,
E ST ELIERE, S 1.75 x 10° WIS HK.
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o rh R B AL PR
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v H SIMPLEC B3, 3R H — B i Ui =X 3 i 22
SRR RO R A B R BT A 4, 45 0
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Tab.3 Binary quadratic regression combination design and test results

vy 1 2 3 4 5 6 7 8 9 10
7 1 1 -1 -1 1.078  -1.078 0 0 0 0
5 1 -1 1 -1 0 0 1.078  -1.078 0 0
52, 1 -1 -t 1 0 0 0 0 0 0
5 1 i 1 1 1. 162 1. 162 0 0 0 0
P 1 1 1 1 0 0 1.612 1.612 0 0
2, 0.368  0.368  0.368  0.368  0.530  0.530  -0.632 -0.632 -0.632 -0.632
n 0.368  0.368  0.368  0.368  -0.632 -0.632  0.531 0.531 -0.632 -0.632
y 64.46  66.74  66.54  67.44  63.31 67.34  65.29  67.25  66.46  66.46
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Tab.4 Binary quadratic regression combination design calculations
R AR5 1 2 3 4 5 6 7 8 9 10 3
7 1 1 -1 -1 1.078  -1.078 0 0 0 0
2 1 -1 1 -1 0 0 1.078 -1.078 0 0
5z 1 -1 -1 1 0 0 0 0 0 0
z{ 0. 368 0. 368 0. 368 0. 368 0.530 0.530 -0.632 -0.632 -0.632 -0.632
2z 0. 368 0. 368 0. 368 0. 368 -0.630 -0.632 0.530 0.530 -0.632 -0.632
¥y 64.46 66.74 66. 54 67.44 63.31 67.34 65.29 67.25 66. 46 66. 46 661.29
¥ 4155.092 4 454.228 4427.572 4 548.154 4008.156 4 534.676 4 262.784 4 522.563 4416.932 4 416.932 43 747.09
2y 64. 46 66. 74 -66. 54 -67.44 68.25 -72.60 0 0 0 -7.12
2y 64. 46 -66. 74 66. 54 -67.44 0 0 70.38 -72.50 0 0
(z1)y  64.46 -66.74  -66.54  67.44 0 0 0 0 0 0
zy 23.721 24. 560 24.486 24.817 33.554 35. 690 ~41.263 -42.502 -42.003 -42.003 -0.939
Yy 23.721 24. 560 24. 486 24.817 -40.011 -42.558 34.603 35.642 -42.002 -42.002 1. 256
(5123)? 1 1 1 1 0 0 0 0 0 0 4
22 0.135 0.135 0.135 0.135 0. 281 0. 281 0. 399 0. 399 0.399 0. 399 2.701
25 0.135 0.135 0.135 0.135 0.399 0. 399 0. 281 0. 281 0. 399 0. 399 2.701
2 1 1 1 1 1.162 1. 162 0 0 0 0 6.324
3 1 1 I 1 0 0 1. 162 I.162 0 0 6. 324
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= Y0lan); /3 (an)] =-0.345,

= zyi(zli’)i /Zl(zlﬁ)z
by, = Zyi(zh‘,)i /Z(zzf)z

=-0.348,

= 0. 465.
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z; = 2 -;;z; =z -0.632,
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y = 66.129 - 1. 127z, - 0. 837z, - 0. 3452,z, -
0.348(z - 0.632) +0.465(z, - 0.632),

MRERBARK 2, =

(2)
-17.5
13.91 °

% -1.0
3.71 %27

WA K RN KX) K
y = 66.835 +0.373x, - 0.067x, — 0. 007x,x, —
0.025x* + 0.002x2,
Bl y = 66.835 +0.3738, —0.07b, - 0. 0078,b, -
0.0258,% +0.0025,. (3)
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