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Numerical analysis of aerodynamic damping for
centrifugal impeller

XIAO Jun, YANG Qichao, WANG Le

(National Key Laboratory of Compressor Technology .,
Hefei General Machinery Research Institute, Hefei 230031, China)

Abstract: In order to carry out the numerical ‘analyses of the flow fields with moving
boundaries in centrifugal impellers, the codes for the grid deformation and the unsteady flow
simulations were developed independently, by which the calculations of the aerodynamic
damping of centrifugal impellers were realized. By adopting the compactly supported radial
basis function to carry out the data transfer of surface deformation from the structure mesh
to the flow mesh, and utilizing the binomial tree technique to fulfill the wall distance calcula-
tions, the computation efficiencies of grid deformation and flow-field analyses were greatly
increased. According to the test cases of an oscillating cascade and a centrifugal impeller, the
correctness of the code for the simulations of the flow-fields with moving boundaries and the
flows in centrifugal impellers was validated. Then taking a centrifugal impeller as the re-
search object, the calculations of modal aerodynamic damping ratios were carried out. Re-
sults showed that, the aerodynamic damping ratios of two selected modes were both posi-
tive. The modal aerodynamic damping ratio had no relationship with the oscillating ampli-
tude under small oscillations. For the disk vibration mode, the value of aerodynamic damp-

ing ratio decreased as the operating condition shifted towards the stall point.
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Fig. 12 Generalized aerodynamic force curves

MAEAAREZER HHERAFR TR T X
BN 1 BRI B A RSO AL S i sk AR R A
—3, TR, RAE R AN S T
3y R 25 2R 3R W1 28 28 T 00 sl Jp kbt i
AT MO B e T AR AR . — AR P R Y
BRI E SR

W dinging. =— J:f(t)(j(t)dt

RP q(O) R KT IR LRI . f (g (@)
SR B R I R BN S N e 0 S DRV R )
i Eh AR 5 B — R R L
ARG 48 T 00T 98 D AR A Al iR 2
FEUN . 5T X I AR B [ L P e
SN BB D AR O (L BB ) o A B RS
M-Fe RSl . A5G AR R D R e S AT L
Wi )™ SCREh I 5 T SCHR Bl A RS Y AR A A7 AR
AH 22 + BV 3 14 3l e S AR X AR ) Ik 36 A2 B
AR AT — 3 B IR o AR S0 X 2R i
KA 3 0. 5 mm Fil 0. 2 mm (9% B IT T 35
RN, Bl I A B D AR 4 2R 5 B LAY FRAE 1t
I NS $ 7

(14)

200
) . p.=137 kPa
3 B =l s kP
2 100 ph—l_:»‘_\ kPa
2 - p,=130 kPa
j=8
;’ 0 LAAAAARRARR
g HHHE ]
z bl A
5-100 Hl|1| T
rrgereg!
_200 [ i i i L L i

i L L i 1 L L L J
400 600 800

0 200
Time step
B 13 R s T E i £

Fig. 13 Aerodynamic power curves
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Table 1 Mass flows and back pressures of analyzed
operation conditions
B2 T 1 T2 L3 T4
Wi/ (kg/s)  1.401 1.507 1.714 1. 982
6/ kPa  137.8 137 135 130

Power density/10° (kW/m?)
: 6.1
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1.7
0.22
-1.3
-2.7
—4.2
-5.7

BI15 53R AR 3) B R 8 B (B 6)
Fig. 15 Aerodynamic power density on the impeller

surface (mode 6)
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