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Implementation of FEA program for vibration

characteristics of bladed disk system

CHEN Hong-yu, TIAN Ai-mei
(School of Astronautics, Beijing Univ. of Aeronautics and Astronautics, Beijing 100191, China)

Abstract; Isoparametric eight-node elements are adopted to gain parameterized modeling and fi-
nite element node generation. The FEA program was developed with FORTRAN language to analyze
the vibration characteristics of the cyclic symmetry structure. The vibration characteristics of the
pump impeller and the turbine impeller are analyzed, then the results are compared with that obtained
by ANSYS software. It is proved that the FEA program provides with higher precision and stronger
dependability, and can be used in engineering practice.
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Fig. 1 Finite element mesh of bladed disk and

selection of local coordinate system
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Fig. 2 Finite element mesh of the expanded sector
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Tab. 1 Vibration analysis of first five natural frequencies of each nodal diameter for turbine impeller

Hz

i 72/ FXERF ANSYS RE%
1 440.982 393.37 12.1036

2 24247179 2180.3 11.2131

0 3 5880.268 5339.8 10.1215
4 6322.252 5787.7 9.2360

5 12731.448 11495 10.7564

1 1342.491 1204.7 11.4378

2 1333.613 1204.7 10.7008

1 3 5563.507 5097.7 9.1376
4 5533.074 5097.7 8.5406
5 5848.465 5315.1 10.0349
1 2593.872 23375 10.9678

2 2556.463 23375 9.3674

2 3 7858.816 7209.5 9.0064
4 7790.744 7209.5 8.0622

5 11471.629 10478 9.4830

1 3787.087 3447.1 9.8630

2 3755.381 3447.1 8.9432

3 3 10667.645 9807.3 8.7725
4 10545.868 9807.3 7.5308

5 15925.946 14620 8.9326
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Tab. 2 Vibration analysis of first five natural frequencies of each nodal diameter for hydrogen pump impeller

Hz

R Brik ANSYS FXBR RE%
1 2129.8000 2121.407665 -0.39

2 2560.1000 2517.968508 -1.65

0 3 4942.7000 4906.246895 -0.74
4 9248.6000 9263.949170 0.17

5 11790.0000 11709.525680 -0.68

1 1288.0000 1247.855911 -3.12

2 1288.0000 1247.855911 -3.12

1 3 4224.8000 4214.937584 -0.23
4 4224.8000 4214937584 -0.23
5 4702.1000 4707.305901 0.11

1 2492.9000 2438.351277 -2.19

2 2492.9000 2438351277 -2.19
2 3 6546.2000 6589.854476 0.67
4 6546.2000 6589.854476 0.67
5 7136.9000 7185.016340 067
1 4651.6000 4683.943290 0.70
2 4770.0000 4800.180960 0.63

3 3 9180.2000 9135.764551 -048
4 9180.7000 9136.774025 -048

5 9452.3000 9427.811620 -0.26




i

EHEBIH

BRELF, % M-BRARRIFHARTOHETFELHR 45

BRBEFRBARKER, WER2FHHE
GRURREETIUES, HTFERLXERMBE
W, ZXWHERFHAARFOHERE, N
MEHTANHERFELRNA ERA#RAN
FsLRAME,

4 it

A ORIEFR X ARG I B 3 7 BRI 45 B8
FAEREES SURHIEME R AR, B L AT RERT
FBTHRE TR ARG RS BT 47
B, MAANH-EREHT TR,
it 5 PR E 2 ANSYS BAELS T4
Regxte, RATAXKHERFRARFHT
BHERE, RATELANE.

$EIM:
(1] 7, XBF. PR SHBE 47 B0 R AE O i

(M. b3E: B85 Tk Hi kK4, 2001
[2] FeFME. ARITIEMA R ITHEER (M) LR JLRAZE

MR K HATIL, 1990,

[3] FRIAL. HRRATTHE M) JL5: WEKE N, 2003,

[4] $H¥E, BN, R REHRA T SURERER
B [ &3h 5 bk, 1986 (4): 1-7.

[5] BaXEF, K. FL.OEFHRIESFERGHRITHT (]
BT R, 2004, 26 (2): 117-120.

(6] 3k, MBEF. HRHIRSIRAS T RBE T %
[M]. b5t EBY Tk i AiAt, 2001.

[7] M5, BT, ANSYSTRAVTIKHR LS M]. b
B WK R, 2003.

[8] EARFE, HEIL. ARITH MM b F R4 HER
). BB & EH, 1998 (4): 43-57.

[9) 88T, THE, TR SHBRYHOBBEES T
{J}. T# 2%, 2001 (Suppl.): 632-635.

[10] Hrge, RFE . ANSYS BEMRALEARZE B A &3h
LR RRIBLA (3] B X FFEAR, 2006, 29 (5): 337-
340.

[11]ZFXAE, B, Kk, F. RERHEARERIEFR
AIEBARMEBIIRR (. KR TR, 2009 (1): 8-10.

[12] RAU4E. B SE A MRE FIRSISHED T (7). W
K2R, 2003, 43 (12): 1649-1652.

[13] BGE L. A% RRITHE: M7 SR 238 AL H B0 iR 3h %

# [1). RBLEER, 1997 (1): 31-33.

(n4R: BE4AR)

(E®&® 16 )

[14] SATO J, TSUE M, NIWA M, et al. Effects of natural
convection on high-pressure droplet combustion [J).
Combust Flame 1990, 82: 142-150.

[15]) MAYER W, TAMURAT H. Propellant injection in a liquid
oxygen/gaseous hydrogen rocket engine [J). J. of Propulsion
and Power, 1996, 12 (6): 1127-1147.

[16] DECKER M, SCHIK A, MEIER U E, et al. Quantitative
Raman imaging investigations of mixing phenomena in
high—pressure cryogenic jets {J]. Applied Optics, 1998, 37
(24): 5620-5627.

{17] OSCHWALD M, SCHIK A. Supercritical nitrogen free jet

investigasted by spontaneous Raman scattering [J].
Experiments in Fluids, 1999 (27): 497-506.

[18] MAYER W, TELAAR ], BRANAM R, et al. Raman
measurements of cryogenic injection at supercritical
pressure [J]. J. of Heat and Mass Transfer, 2003, 39:
709-719.

[19] CHEHROUDI B, COHN R, TALLEY D, et al. Raman
scattering measurements in the initial region of sub-and
supercritical jets, AIAA 2000-3392 [R]. USA: AlIAA,
2000.

(md: B &)



