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Response analysis of fluid and solid coupling characteristics
for a-wide-chord holtow fan blade
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(1. National ‘Key Laboratory on Aero-Engines, School of Jet Propulsion,
Beijing Universty of Aeronautics and Astronautics, Beijing 100191, China;
2. Shenyang Aeroengine Research Institute, Shenyang 110015, China)

Abstract : By using the numerical smulation method, the transent response of a wide
chord hollowfan blade was investigated under the atmospheric flow field. The deformation
response of-the wide-chord hollow fan blade was obtained under unsteady boundary condi-
tionswith thefluidstructureinteraction numerical s mulation method. Computational results
show that , under the action of the air flow field, the largest di placement occursin the top of
the front blade and the stress concentration is resulted from the superposition area along the
spanwi se direction including blade and core, with the stress decreased gradually from surface
to inner of the blade. The stress concentration occursin the blade surface while the distribu-
tion stressis relatively small and the core is relatively thin. The modal shape of the blade
structure has not been well distributed along the circumferential direction due to the coupling
effect between the aerodynamic force and the blade structure. When the fan blade is under
fluid-solid coupling , the bending vibration is significant and close to the first-order vibration
mode.
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Fig.2 Modd of atmospheric flow field and FEM
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, Fig.5 Boundary condition of atmospheric flow field
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Fig.4 Model of fan blade interlayer and section TG4,
E=1.068 x 10" N/’ , M =0.32,
3 P =4.6x10° kg/ m*, ® =11000r/ min.
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Fig.6 Boundary condition of fan blade
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Fig.8 Pot of displacement
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Fig.7 Boundary condition of\couplefield
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Fig.9 Plot of stress
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Fig.10 Plot of strain
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Fig.12 Plot of strain of interlayer and section

4.4

B,C,D )150 200mm

30 290 mm ,



12

2183

[1]

1)

2)

3)

4)

5)

[J1.

,.1999(2) : 54-58.

[2]

[3]

[4]

[5]

[6]

L7]

[8]

LIANG Chunhua, YANG Rui. Development and applica
tion of wide-chord hollow fan blade of aeroengine[J].
Aeroengine, 1999(2) : 54-58. (in Chinese)
/ [31.
, 2002, 17(12) : 1-15.
CHEN Maozhang. Development of fan/ compressor tech-
niques and suggestions on further researches[J]. Journa
of Aerospace Power , 2002, 17(1) : 1-15. (in Chinese)
Sayma A |, Vahdati M, Imregun M. An integrated non-
linear approach for turbomachinery forced response predic-
tion. Part |: Formulation [J]. Journa of Huids and
Structures, 2000, 14: 87-101.
Zienkiewicz O C. Coupled problems and their numerical
wolution[M]// Lewis RW, Bettess P, Hinton Eeds. Nu-
merical Methods in Coupled Systems. New York:John
Wiley and SonsLtd, 1984.
KielbJ J, Abhari R S, Dunn M G. Experimenta and nu-
merical study of forced responsein afull-scale rotating tur-
bine [R]. ASME-2001- GT-0263, 2001.
[IT. , 2007 ,22(3) :444-449.
YANG Wen, DU\ Farong;, HAO Yong,et a. Investiga
tion of _dynamic regponse property of wide-chord hollow
fan blade[J]. Journal\of Aerospace Power , 2007, 22(3) :
444449 (in Chinese)
, ./ANSYS 8.0 [M].
, 2004.
ZHAO Haifeng, JIANG Di. Example analyss of engi-
neering structure on ANSYS 8. 0[ M]. Bejing: China
Railway Publishing House, 2004. (in Chinese)
[M]. : ,2005.
WAN G Maocheng. Finite element method[ M]. Beijing:
Tsnghua University Press, 2005. (in Chinese)



