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Abstract: The vibration of the centrifugal impeller and its amplitude are affected by the added mass and
damping of the surrounding water. In order to clarify the influence of different submerged depths on
dynamic response characteristics of the centrifugal impeller, numerical and experimental studies were
carried out. The modal analysis of the impeller under air and different submerged depth conditions were
carried out based on coupled acoustic fluid-structure method. The response parameter of the impeller
structure in air and in different submerged depth conditions were obtained through hammering method,
and then the numerical prediction accuracy of natural frequency was evaluated. Based on simulation and
experimental results, the variation laws of mode shape, added mass and damping ratio with different
submerged depths were constructed. The results show that the mode shape does not change as the
submerged depth increases. However, the added mass and damping coefficients of the impeller increase
linearly with the increase of the relative submerged depth. If the impeller is fully submerged, the added
mass and hydrodynamic damping ratio are 0. 39 times and 1. 76 times of those in air, respectively.
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Fig. 1 Schematic of the test rig
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Tab. 1 Natural frequencies under different submerged depths

of the first three modes based on modal analysis
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Fig. 7 Response signal before and after filtering,h=47.5 mm
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Tab. 2 Natural frequencies in different monitoring points

T T VR BB RS A S fu/ Hz

h/ mm W1 5, 2 W 3 W 5, 4
0 1582.9 1573.7 1 586.9 1 564.3
190 1223.3 1193.1 1219.4 1214.5

x3 TENSHEEL

Tab.3 Damping ratios in different monitoring points
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h / mm k1 sk 2 ik 3 k4
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190 0.014 16 0.014 41 0.014 64 0.013 94
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simulation vs. experiment
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