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Fig.1 Passage number of the blades
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STCF4 (standard test configuration 4) & [E 5
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e =00744m AMRZK). WE 2 dElll, X4
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Fig.2 Amplitude and phase of unsteady aerodynamic loads

vs. amplitude of vibration
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Fig.3 Unsteady aerodynamic loads on nearby blades when

bladeg vibrates
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Fig.4 Comparison of unsteady aerodynamic force coefficient

between RANS simulation and ROM at o = 180°
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Fig.5 Comparison of unsteady aerodynamic force coeflicient

between RANS simulation and ROM at o = 120°
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Fig.6 Comparison of unsteady aerodynamic force coefficient

between RANS simulation and ROM at ¢ = —120°
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Fig.7 Comparison of aerodynamic damping coefficient for

STCF4 between RANS solution and ROM
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(a) The 1st mode (b) The 20d mode (c) The 3rd mode

B 8 NASA Rotor 67 M BB =i
Fig.8 The 1st, 2nd and 3rd mode shape of the blades on
NASA Rotor 67
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1.19x10° Pa(iE L RIE(EH S5 T%) F, Rotor 67 M j
B B BSBIRAE AT 0. SERAEE® RANS
TERKBAR IBPA T RSB MM, &
J55 ROM J7 iR E&5 A ATRT .
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Fig.9 Comparison of unsteady aerodynamic force coefficient

between RANS simulation and ROM at o = 180°
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Fig.10 Comparison of unsteady aerodynamic force coefficient

between RANS simulation and ROM at o = 120°
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Fig.11 Comparison of unsteady aerodynamic force coefficient

between RANS simulation and ROM at o = —120°
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20t— Table 1 Efficiency comparison between RANS and ROM

- .’.‘.\.\
- L ,/, o .\Q Method
5 15F o \ Item RANS RANS
gt / % Multiple  Single ROM
;0 10 ;- ./‘I "\' passages passage
st ;/ Y STCF4 5658min  1148min 574 min
= 5; '3 Y Rotor 67 214314min 43484min  21742min

/
S 7/ computational
[ a/ 100 492.8 985.7
0 .
S a’ efficiency/%
..,/
[ . P el A curv? low higher very high
0 100 200 300 resolution
IBPA /(°) mistuned case Vv X Vv

&l 12 NASA Rotor 67 “{ZhfE R4St E 4 Rx H

Fig.12 Comparison of aerodynamic damping coefficient for

NASA Rotor 67 between RANS solution and ROM
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W KB\IEER RANS FREERTESSME
RRYCRI RG kL FRFEMEAS. LHIXHH
STCF4 A, FHET Xeon E5140 )X W%
WWENHT R, - P REEERE 7 MRS
FAHAma N2 % 82 min, 7% J8 & 3 il T AR B
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HiE) . 180°(XiEaE) . £90° (MiEE), E
AT 82 (14244+4)=002 min; 25 3F F L AL
B, BAFBBR&E, WAL E > F
82x4=328 min; TR XA ROM 75t BT E
7) 82x7=574min. HEFENE, HEZEN ik
HRIENER, PEEEDENGEIIK, R8s
A ZEERRE ROM J7 .

(B35 | 4 417 IBPA WSS E RELE T
LARRHE HENHEHE, EFFETER
8 AR IBPA WSEhE RE, WREIRS
e R Im AR, ERBEETENEEANHETME S
H, XHEXMH RANS HREITEEHEEA T ROM
Jiik. BMERTR IBPA ¥R B HliERR, B AN
WHRFH, HtEBRMALSEMET ROM i, HHE
) IBPA %, ROM KM &.

ik BB EHEFE 14 MHAK IBPA T
MShFEe A%, £ 1XTEHT 24, =#H#BRTU
F 3BT E SR

£ 1 HEE RANS HikM 2k RIS E T
Z#iE RANS 75, Bfg Bl E A v ARE R
H A IBPA TS shfH B &4k, M+ IBPA< 30°

il IBPA> 330° f) Xt THEERA R HET
X (FEITH 360/IBPA 1ilE), Rt EHRAHH
i % F ROM U5, TR ERES BMEER
FIfTA IBPA THISSHEE A%, WA ML DB
KB

3 & i

ANETEMEEREE T —MER THRS T
FH-E LR E R IR R, @I 5N SRR,
MEANTH, EMESHREmE, UHEY 5~7 8
EHERHT—KIEEH CFD i+H, BIRIRBHE
IBPA TH)S3h0H 2 R EL

HEIEH, ROM FEEERESIEER RANS J;
EHYMITEREER L, KARS TSsMEH
KM AHEE, BT BRI R ERN N,
MEBML A EERR RANS FREHERSTIE 1A
B2, B LGERIEIE RANS HREIE, thE fE
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By, TR BB A R 1.
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AN EFFICIENT METHOD ON AERODYNAMIC DAMPING COEFFICIENT
CALCULATION FOR TURBOMACHINERY V

Zhang Chen-an*? Zhang Weiwei! Ye Zhengyin! Liu Fengf**
*(Institute of Mechanics, Chinese Academy of Sciences, Betjing 100190, China)
(National Key Laboratory of Aerodynamic Design and Research, Northwestern Polytechnical University,
Xi'an 710072, China)
**(Department of Mechanical and Aerospace Engineering, University of California, Irvine, CA 92697-3975, USA)

Abstract It is always difficult to perform aeroelastic analysis on turbomachinery efficiently and precisely due
to the complexity of the flow field and structures. The authors develop an unsteady aerodynamic Reduced-
Order-Model (ROM) which can be used on small amplitude vibrating blades of turbomachinery. Based on
this ROM and classic energy method, an efficient method on aerodynamic damping coefficient calculation for
turbomachinery is introduced. With this method, only one unsteady CFD computation is needed to calculate
the aerodynamic damping coefficients at all Inter Blade Phase Angles (IBPA) under one specific modal and
frequency. The aeroelastic characteristics of STCF4 and NASA Rotor 67 are analyzed by using this ROM with
classic energy method. The numerical results indicate that the aerodynamic damping coefficients attained by
ROM and unsteady RANS method agree well with each other in the condition of small amplitude of vibration.
The efficiency is improved by almost 10 times than multi-passages RANS method. In addition, this ROM can

be used in aeroelastic analysis with mistuning effects.

Key words turbomachinery, aeroelastic, flutter, ROM, aerodynamic damping
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