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DMD Analysis of Unsteady Flow of Impeller in Double-suction
Centrifugal Pump as Turbine

MIAO Senchun LIU Leqi WANG Xiaohui YANG Junhu WU Jiangbo
(College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract; In order to accurately analyze the unsteady flow characteristics in the impeller of a double-
suction pump as a hydraulic turbine, the SST k — @ turbulence model was used for numerical simulation
under design conditions. The dynamic mode decomposition (DMD) of a periodic unsteady velocity field
was carried out, and the first four main modes and their corresponding spatio-temporal information were
obtained by combining the @ criterion. The analysis results showed that the DMD method decomposed the
complex flow field characteristics in the impeller into dynamic and static interference modes, basic modes
and dissipative modes. Among them, the dynamic and static interference modes were dominant, and the
frequency was the rotation frequency of the impeller, which reflected the flow characteristics of the flow in
the impeller disturbed by the static components. The vortex structure was mainly point vortex and
discontinuous tubular vortex. The basic modal frequency was zero, which reflected the steady-state flow
field characteristics caused by the geometric characteristics of the blade flow channel. The vortex
structure was mainly continuous tubular vortex. The third-order and fourth-order modes were dissipative
modes, which reflected the characteristics of flow separation and unstable vortex structure shedding on the
blade caused by the interference of static components in the impeller, mainly sheet vortex and
discontinuous tubular vortex. The DMD method can decompose the flow field structure of the impeller at a
specific frequency, and can clearly analyze the unsteady characteristics of the complex flow field in the
impeller of the double-suction pump as a hydraulic turbine.
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Tab.1 Parameters of double-suction PAT
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Fig. 1 Computational domain and unstructured meshes
of double-suction PAT
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Tab.3 The y* value of main components
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Fig.6 Energy distribution of DMD modes in velocity fields
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Tab.5 The first four order mode information

B FEAIE{E Wi/ Hz el AR /%
1B 0.9986+0.0523i  49.64  347875.03 70.6
2 fr 1.000 0 =0.000 0i 0 87 080. 88 17.7
3B 0.9934£0.1033i  98.31  12805.01 2.6
4B 0.9853x0.1542i 147.28  7076.99 1.4

TEVE T A — AR AL T 5 [ P 3 EL o 5 i
52, 2 1T JH X IO ) 30 30 45 H 2 WAL S5, AR (L R
0.5304 £0.000 0i, 5k 3 7% FLXF 3 3 19 5T RK
23 ) FUASE 285 % MR I 1] F) 728 AR RS, AN 8T 9 v, T
ATt M (B W7 41 9 26 Dk, 3R 7 HO 3 4 1) o ik
B, BB T 3 B 4 Bl 25 g e
ANEEHR BT VR R S s &S0 T e,
XU B X 3 b AT AR S W TR R R S

201
15-
10+
v O
®
=5
-10 u
o |
-20 : : : : ‘
0 0.004 0.008 0.012 0.016 0.020
it 6)/s
9 RERR AR A FR B s ] AR 1k il £k
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