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Experiments on External Characteristics and Pressure Pulsation of
Bulb Tubular Pump Device Involving Critical Operating Points

ZHANG Xiaowen' TANG Fangping' GE Hengjun® YUAN Haixia’ SHI Lijian' LIU Chao'
(1. College of Water Science and Engineering, Yangzhou University, Yangzhou 225009, China
2. Yangzhou Insiitute of Survey and Design, Yangzhou 225009, China
3. Huashe Design Group Co. , Lid. , Yangzhou 225009, China)
Abstract; In order to reveal the external characteristics and pressure pulsation characteristics of various
critical operating points in the forward full-feature partition of the tubular pump device, taking a bulb
tubular pump device with specific speed of 1179 as the research object, the forward full-feature test of the
pump device involving the critical operating point was conducted. The external characteristic parameters
and pressure fluctuations of a total of 64 flow operating points were collected in the experiment, and the
external characteristics and pressure pulsation characteristics of various critical operating points in the
forward full characteristic partition of bulb tubular pump device were emphatically analyzed. The test
results showed that the turning-off point was the dividing point between the countercurrent braking
condition and the pump condition. The head of the pump device near the turning-off point was 6. 41 m,
which was 3. 27 times of the head of the design point. The axial power was 15.39 kW, which was 2. 67
times of the design point power. The dimensionless peak value of pressure fluctuation at the inlet of the
impeller was 1. 26, the middle of the impeller was 0. 99, the outlet of the impeller was 0. 84, and the
outlet of the guide vane was 0.23, which were 2.3, 2.8, 4.9 and 23 times of the design point,

respectively. The zero head point was the boundary point between the pump condition and the positive
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current braking condition. The flow rate near the zero head point of the pump device was 1.42Q,, which
was 1. 42 times of the design point flow. The axial power was 2. 41 kW, which was 0.42 times of the
design point power. The dimensionless pressure fluctuation peak value of the impeller inlet was 0. 21, the
middle part of the impeller was 0. 21, the impeller outlet was 0. 15, and the guide vane outlet was 0. 01,
which were 0. 38, 0.6, 0. 88 and 1 times of the design point, respectively. The zero torque point was the
boundary point between the positive flow braking condition and the turbine condition. The flow at the near
zero torque point of the pump device was 1. 63Q,, which was 1. 63 times of the flow at the design point,
and the head was —1.36 m, which was —0.69 times of the head at the design point. The peak value of
pressure fluctuation at the inlet of the impeller was 0. 37, the middle of the impeller was 0. 31, the outlet
of the impeller was 0. 20, and the outlet of the guide vane was 0. 04, which were 0. 67, 0.89, 1. 18 and
4 times of the design point.

Key words: bulb tubular pump device; critical operating point; external characteristics; pressure

pulsation; test
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Tab.1 Main instruments of external characteristic

test system
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Tab.2 External characteristic parameters of key

operating points
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Tab.3 Maximum pressure fluctuation amplitude of each

monitoring point under countercurrent braking condition
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Fig.6 Frequency domain diagrams of pressure fluctuation of each monitoring point under countercurrent braking condition
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Tab.4 Maximum pressure pulsation amplitude of

each monitoring point under pump condition
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Fig.7 Pressure fluctuation frequency domain diagrams of each monitoring point under pump condition
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Tab.5 Maximum pressure pulsation amplitude of each

monitoring point under positive flow braking condition
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Fig.8 Pressure fluctuation frequency domain diagrams of each monitoring point under positive flow braking condition
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Fig.9 Pressure fluctuation frequency domain diagrams of each monitoring point under hydraulic turbine condition
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Tab.6 Maximum pressure fluctuation amplitude of each

monitoring point in impeller region of hydraulic turbine
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Fig. 10 Peak value of dimensionless pressure fluctuation

under different flow conditions at each monitoring point
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Tab.7 Peak-to-peak values of dimensionless pressure

pulsation at key operating points
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Fig.11  Comparison of dimensionless pressure fluctuation peaks

and peaks between critical operating point and design point
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