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Abstract; To improve the hydraulic performance of the disc pump, the influence of impeller structural
parameters on the pump head and efficiency was studied by Computational Fluid Dynamics ( CFD) meth-
od and response surface analysis method, based on current radial straight vane disc pump. The blade
height ,number of blades and disc spacing were defined as optimization design variables,and the head and
efficiency of the disc pump were the response variables. Seventeen groups of sampling points were estab-
lished through three-factor and three-level design implemented based on the Box-Behnken sampling point
design method. Numerical simulations on the design models of each sampling point were performed by
ANSYS CFX numerical software,to obtain the numerical results of hydraulic performance ,analyze the in-

fluence of individual and interactive effects of blade height,number of blades and disc spacing,and fit the
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relational express of impeller structure parameters with head and efficiency based on second-order re-

sponse surface regression equation. The research results show that the blade height, number of blades and

disc spacing all have obvious influence on the hydraulic performance of the disc pump,and the combina-

tion of blade height and disc spacing has the most significant influence among multi-factor interactive

effects. The optimal parameter combination is found by the response surface equation. The head of the op-

timized disc pump is increased by 22 m on average,and the maximum efficiency is increased by 15% un-

der various flow conditions.

Key words; disc pump, response surface method, structural parameters of impeller, hydraulic perform-

ance
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Fig. 1 3D model of radial straight vane disc pump
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Fig. 2 Fluid domain model
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Fig. 3 Fluid domain grids

1.3 #EHARROREH

T HRENH N -S TR k- mER, R
% & % % A bf % 3 ( Multiple Reference Frame,
MRF) £ ANSYS CFX {4 tf7it®, Ha, i
MR KRB N e S I8, 5% 3 2 900 v/ min, FART
SAERRE NFIEE, WS BRES RN
HEFToR 7, 8 35 {f F] GGI( General Grid Interface ) 32
SRR A 5 o A AR o o 3 B A A TR A
¥, WE SR ORI E S O R, FERER M
KRR BEM , I Scalable BE [ ok 5K fift it BE
i sh. WEkE/NT 1077 L RERE S HE
TR,
1.4 SLISISIE

S BAIE R AR S T R B IE W, TE TR R

TiA Besh F1 AL MR 2R 0 A SE 6 4 X AR B R
(PEALRITAEAL ) HEATAMRR P SE B3, W AR BRI
K, SEHAERI N 4 FT7R o IR R SR i 2R
AR AU S IR B 4 R PEAT X EE, Xof FE &G SR AN S
Fi7m

E4 ERRMHELYER
Fig. 4 Physical model of disc pump impeller
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Tab. 1 Corresponding relation between blade
height and disc spacing

h/mm b/mm A
1.5 10 0.3
2.4 16 0.3
3:5 22 0.3
2.5 10 0.5

4 16 0.5
5.5 22 0.5
3.5 10 0.7
5.6 16 0.7
il 22 0.7
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Tab. 2 Test factors and their levels( interval of values)

b Hivhth B AR ( BUE )
-1 0 1
1.5 2.5 i 1
h/mm 2.4 4 5.6
3.3 5.5 7.7
b/ mm 10 16 22
N 6 8 10
3 HERESW
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Tab. 3 Verification of grid independence

7 ks L #E H/m R 0/ %
1 1 855 495 6.81 21.35
2 3 086 043 6.43 20.85
3 3 696 626 6.52 21.11
4 4 373 766 6.39 20.88
5 5 267 884 6.42 21.04
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Fig. 6 5 — Q curves of the selected model
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Tab. 4 Design of sampling points and calculation results

Fe h/mm b/mm N H/m 0%
1 2.4 16 6 6.52 17.62
2 2.4 16 10 13.3 26.89
3 4 16 8 24.13 36. 46
4 3.5 10 8 27.49 35.79
5 1.5 10 8 7.88 19.79
6 %7 22 8 43.29 50.37
7 5.6 16 10 42.92 48.2
8 3.3 22 8 10.48 22.8
9 2.5 10 10 20.51 31.54
10 5.5 22 10 33.7 44.17
11 4 16 8 24.13 36. 46
12 5.5 22 6 20.74 33.72
13 2:5 10 6 13.49 25.83
14 4 16 8 24.13 36. 46
15 4 16 8 24.13 36. 46
16 4 16 8 24.13 36. 46
17 5.6 16 6 30. 62 40.86
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Tab. 5 Variance analysis results of regression expression

Wi R R POrF B0 F{E PAE R R

##E  1859.5 206.6 1736.8 <0.0001 0.9996 0.9990

HFE 1371.2 152.3 875.2 <0.0001 0.9991 0.9980
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Fig. 7 Contour diagrams of head
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