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Fig.1 The geometry and mesh models of the impeller
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Tab.1 Results of modal analysis

W % J/Hz K % J/Hz W % f/Hz
1 451. 50 11 900. 36 21 909. 93
2 451. 63 12 900. 52 22 910. 70
3 510.18 13 902. 35 23 914.53
4 510. 26 14 902. 70 24 914.71
5 510. 59 15 904. 44 25 970.02
6 832.40 16 904. 83 26 986. 65
7 832. 44 17 906. 86 27 986. 87
8 861.12 18 907.63 28 1179.00
9 892. 31 19 908. 77 29 1179. 40
10 892.70 20 908. 38 30 1 349. 20
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Fig. 2 Key modals of the impeller
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Fig. 3 Static pressure of the monitoring point
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Fig. 4 Static pressure difference peak on the blade
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Fig. 6 von Mises stress in the working case
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Fig. 7 Types of structural hot-spot stress and its calculated methods
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Tab. 2 Structural hot-spot stress of the impeller
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Tab. 3 Modal analysis results of impeller
/Hz
B 8
m=0 m=1 m=2 m=3 m=4 m=>5 m==6 m=7 m=3_8 m=9
1 545, 29 499. 14 569. 84 870. 11 924, 84 933. 64 938. 29 941. 50 943. 63 944, 71
2 912. 65 499. 14 569. 84 870. 11 924, 84 933. 64 938. 29 941. 50 943. 63 944, 71
3 996. 95 942, 41 953.36 1045.20 1419.90 1611.20 1604.70 1580.10 1560.40 1 549.90
4 1 780. 30 942. 41 953.36  1045.20 1419.90 1611.20 1604.70 1580.10 1560.40 1 549.90
5 1852.00 1237.10 1502.40 1638.00 1702.00 1755.50 1802.60 1828.50 1844.30 1 852.00
6 2004.40 1237.10 1502.40 1638.00 1702.00 1755.50 1802.60 1828.50 1844.30 1 852.00
7 2291.30 1836.20 1842.20 1810.80 1813.90 1936.50 2 130.50 2 250.50 2 305.10 2 324.10
8 2530.40 1836.20 1842.20 1810.80 1813.90 1936.50 2 130.50 2 250.50 2 305.10 2 324.10
9 2576.90 1870.40 1 888.40 1981.90 2 148.60 2 322.30 2396.00 2414.20 2424.30 2 431.10
10 2 716.60 1870.40 1 888.40 1981.90 2 148.60 2 322.30 2 396.00 2414.20 2424.30 2 431.10
90 e A A D 237 S 140

7 R 4 2 P I P A B B 1 AR R R 100

FE X I SO S P o T = 1 =

TR Z B 1 BT BE R B9 23 18] 20 A I8 28R R [ 20 . . :

[ BV B S 9 1 2 3 R B S TR 165 0 > w2

] B S 0 R [ B0 T B AR AR S A T M8 BebH oMok R R

R 3 R R ] Lk X QD) W S 78 A 1 5 8 n—
5000 r/min ANAEFEIL T, /3 BITHE SR EC 0
1 3] 19 3% 19 Fhs i) SR 2 400 19 Fp T8, LA
B UE I 7 A AR 9 25 1. TS SR B 8 B,
T TRV R R AR SR X SR o =
7.11,14 3% 3 Fh L RURE AL, SR 4. B = =7 3
BIZR 4 MR k. M R~ =7 W T 00

Fig. 8 Guide blade-dynamic magnification factor results
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Fig.9 The geometry and mesh models of the

enclosed impeller [l
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Tab. 5 Modal analysis results of the enclosed impeller [[

f/Hz
B ¥
m=0 m=1 m=2
1 383.32 269.21 349. 46
2 623.77 269.21 349. 46
3 951.91 642. 87 680. 10
4 1034.70 642. 87 680. 10
5 1 115. 30 858.27 816. 78
6 1 239.50 858.27 816. 78
7 1 313.50 1 044.90 1 004. 50
8 1417.90 1 044.90 1 004. 50
9 1470. 00 1 092.50 1 055.40
10 1579.40 1 092.50 1 055.40
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Tab. 6  Harmonic response analysis results of
the impeller [
21 Wi 1%/ He B
1 66. 67 1.65
2 133. 33 1.25
3 200. 00 1.33
4 266. 67 63.55
5 333.33 3.41
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Analyses of dynamic characteristics

of enclosed impeller of large centrifugal compressor

GUAN Zhen-qun''*, WANG Yan'’,
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( 1. Department of Engineering Mechanics, Dalian University of Technology, Dalian 116024, China;
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Dalian 116024, China;

3. Shenyang Blower Works Group Co. Ltd., Shenyang 110142, China )

Abstract: Through modal analysis and wake excitation response analysis, the dynamic characteristics

and resonance conditions of the enclosed impeller of a centrifugal compressor are studied. For wake

excitation problem, excitation force simplified model is established based on aerodynamic calculation,

and the harmonic response analysis method is given based on the harmonic analysis method considering

exciting force phase difference. The dynamic stress and dynamic amplification factor generating from

wake excitation are computed. Based on IIW weld fatigue standard, the structural hot-spot stress of

the impeller is calculated. The numerical simulation results show that the maximum stress produced

by wake excitation may contribute more than 50% to the cut-off limit when the impeller rotates under

a certain speed. The resonance conditions of triple point are validated, and its limitation is pointed out

at the same time.

Key words: impeller; modal analysis; wake excitation; structural hot-spot stress



