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Flow analysis based on wavelet packet decomposition for centrifugal
pumps at shut-off condition

Yuan Shouqi Huang Ping Luo Yin Liang Yun Fu Yanxia
( Research Center of Fluid Machinery Engineering and Technology Jiangsu University Zhenjiang Jiangsu 212013  China)

Abstract: In order to research the effect of pressure fluctuation caused by complicated flow inside
centrifugal pumps at shut-eff condition based on the virtual technology and LabView the pressure
signal of centrifugal pumps was decomposed and the wavelet packet analysis was applied to extract the
feature spectrum and establish different frequency bands. The experiment was carried out to test the
analysis results. The analysis results show that the pressure pulsation at shut-off condition is irregular
and non-eyclical and low-requency pulsation plays an important role. With the flow decreases the
amplitude of the shaft frequency first increases and then decreases. Backflow appears when centrifugal
pumps operate at low flow rate to shut-off condiftions and the wavelet packet reconstruction coefficient
changes and it could be concluded that backflow exert significant influence at low frequency. The
amplitude and strength at shut-off condition with enhancement on shaft frequency. The inlet backflow of
centrifugal pumps at shut-off condition is braided backflow. The validating test results show that
different frequency corresponding to different unsteady flow can be identified based on wavelet packet

which will improve the diagnosis of the inner flow of centrifugal pumps at shut-eff condition.
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Fig.1 Test devices
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Fig.2  Test principle

A/D LabView

Fig.3 Field testing and acquisition system
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Fig.4 Decomposition tree of three layers wavelet packet
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Tab.1 Pressure amplitude of monitoring point A after FFT
at blade passing frequency and shaft frequency
LabView  Matlab 0
f/Hz p/Pa f/Hz p/Pa
0 297.5 2 423 49.74 1133
db4 0.20Q, 296.9 1736 48.52 1453
7 . 1 0.7Q, 295.7 3447 49.44 2418
A 1.00, 294.2 3678 48.83 1224
1.40Q, 293.0 67 711 48.52 921
7 (7 1) (7
; 2) (0~39 Hz) (39 ~78
0.70, Hz) . 0 0.20, 0.70Q, 1.00,
; 0.20Q, 1.40Q, 7 A

(7.1)

(72)

t/s
(a) RAERT

S S
8 a8
c c
7 7
©0.70, @100, (e)1.40,
7 A
Fig.7 Wavelet packet reconstruction coefficient of monitoring point A at different flow rates
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Fig.2 Total energy of all monitoring points at different
flow rates v’
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0.7Q, 4.5 1.7 2.0 28 26 20 26 5.2
1.0, 3.9 1.2 1.4 27 23 1.5 1.8 5.4
.40, 50 1.4 1.2 23 23 1.5 1.9 5.5
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2 ~3 min

Fig. 8 Inlet backflow at shut-off condition
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