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Flow Resistance and Flow Properties of Valve-less Piezoelectric Pump
with Zero Flow-facing Angle Hemisphere-segment Group
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2. Qingdao Iron and Steel Holding Group Co. , Lid. , Qingdao 266043, China 3. State Key Laboratory of Mechanics and
Control of Mechanical Structures, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Compared with single hemisphere-segment, hemisphere-segment group has better forward and
reverse unequal fluid resistance properties. In order to analyze the impact of flow resistance variation on
pumping performance, the changes of row number, column number and intervals for hemisphere-segment
group in pump chamber were studied. Forward and reverse flow resistance coefficient formulas of
hemisphere-segment group were derived and verified by the flow resistance experiment and flow rate
experiment of the pump. In the range of limited row and column intervals, the experimental and
theoretical flow resistance difference and flow rate increased along with the increase of row and column
numbers. At the driving voltage of 120 V and the driving frequency of 6 Hz, the valve-less piezoelectric
pumps with hemisphere-segment group in rows and columns 3 x4, 4 X3, 4 x4 respectively obtained the
pump flow rates of 45. 5 mL/min, 46.2 mL/min, 47. 75 mL/min. The maximum deviation of theoretical
relative to experimental flow rate was 23.23%. The results showed that the flow resistance law of
hemisphere-segment group could be used to analyze and predict the pump flow rate; the pump output flow
rate can be increased by increasing the row number or column number meanwhile properly limiting the
row interval and column interval. The better output performance can be obtained by increasing row
number than column number.
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Fig. 1 Structure diagram of valve-less piezoelectric
pump with hemisphere-segment group bluff-body
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Fig.2 Diagram of forward resistance coefficient for
flow-facing angle 0° and rectangular arrangement

hemisphere-segment group
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Tab.1 Theoretical and experimental flow resistance
comparison by using hemisphere-segment group with

different numbers of rows and columns

L R A T
f ﬁ;x R S {H 152/ %
o
1EJA] J i) 1E [ JZ I 1E[H) S [f]
1x1 0.0313 0.0537 0.0302 0.0581 -3.47 7.48

1x2 0.0320 0.0556 0.0352 0.0642 8.98 13.3
1x3 0.0331 0.0586 0.0401 0.0703 17.42  16.56
1x4 0.0361 0.0620 0.0451 0.0764 19.87 18.77
2x1 0.0399 0.0841 0.0760 0.1409 47.55 40.34
2x2 0.0421 0.0879 0.0885 0.1557 52.39 43.56
2x3 0.0455 0.0952 0.1009 0.1705 54.93  44.18
2x4 0.0462 0.0994 0.1134 0.1853 59.21 46.35
3x1 0.0470 0.1071 0.1140 0.2114 63.06 55.70
3x2 0.0534 0.1110 0.1327 0.2336 64.87 57.61
3x3 0.0605 0.1121 0.1514 0.2557 65.73 58.72
3x4 0.0636 0.1129 0.1700 0.2779 66.17  59.52
4x1 0.0651 0.1144 0.1520 0.2818 61.67 60.63
4x2 0.0666 0.1152 0.1769 0.3114 64.29  62.50
4x3 0.0689 0.1156 0.2018 0.3410 66.82  64.28
4x4 0.0707 0.1265 0.2267 0.3706 68.79  65.87
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Fig.4 Relationship curves between experimental flow
resistance differences and row number, column number

of hemisphere-segment group
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