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Sudy of aerodynamic damping in cascade flow field

YU Hang, LI Lin

(School of Jet Propulsion,
Beijing University of Aeronautics and/A stronauties; Beijing 100191, China)

Abgtract : Based on the theory of-aerodynamic damping;-the appropriate damping model
was established ; with-the help of moving meshes technology’and/in combination with the e

guation of equivalent \mode aerodynamic damping ratio , the-weakly coupled method

was ap-

plied. Inthe researches of Rotor 37-transonic blade with excitation of the 1st bend mode, the
1st torson mode and the 1st bend-torson mode, the aerodynamic damping was gained. The
pressure and the blade amplitude were consdered. The results demonstrate that when the

pressure ratio of\input pressure and output pressure has been fixed, aerodynamic

damping

has a linear relation with the pressure; with a small blade deformation, the blade deformar

tion has little influences on aerodynamic damping.

Key words: turbomachinery; moving meshes technology;
mode aerodynamic damping ratio; weakly coupled methods
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Rotor 37" ,
288.2 K,
101325 Pa, 90000 Pa.

1 (ANSYS
Fig.1 Finite element model

919. 18,2600 ,4956 Hz,
2 4

MX
Nodal solutien
Step=1

Sub=1
Freq=919.178
Lsur (Avg)
Rsys=0

Dmx=14.852
Smx=14.852
0 33 6.601 9.901 13.201 ~
1.65 4951 8.251 11.551 14.852

2
Fig.2 Frst bend mode shape

MX

Nodal solution r

Step=1
Sub=2
Frep=2600
Usum (Av
Rsys=0
Dmx=24.989
Smx=24.989

0 5.553 11.106 16.659 22212
7 33 13.883

3
Fig.3 First torson mode shape



822 24

Nodal solution
Step=1

Sub=4
Freq=4956
Usum (Avg)
Rsys=0
Dmx=51.52 Velocity/(m/s)
Smx=51.52

521.4

261.8

132.1

Fig.4 Frst bend-torson mode shape
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Rotor 37 5 . 6 BCl
Fig.6 Stream-ineof BC1
>
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= 5219
h >
-"492 0
o 2622
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L) — 1323
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Fig.5 Fow\field'mode -~ 2434
' 7 BC2
Fig.7 Stream line of BC2
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Table 1 Inlet and outlet ingtruction ,
2.
/ K 288.2
BC1 / Pa 101325 2
! Pa 90000 Table 2 Mode aer odynamic damping ratio of
/I K 288.2 different boundary condition
BC2 / Pa 1.5x101325
/ Pa 1.5 % 90000
BCl/ % 0.22 0.36 0.25
6 7 BC1 BC2/ % 0.31 0.53 0.39

BC2 , BClI BC2 1 1.41 1 1.47 1 1.56
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2) 5) 0.6841
| (4) 05131
! (3) 03420
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0.43 %, 8 S1
0.13 %) , , Fig.8 Mach number development for S
under thefirst bend-torson mode
3) 0.05 0.1mm,
) 0.13% 0.25% . 3
1 1.5, 9
Peca B2 =
1 1.5 3
(
) Table 3 _Aerodynamic damping changed with the blade
). defor mation under different modes
2.4
, /[ mm [ % I % I %
(2 [6] 0.05 0.1803 0.3344 0.2234
0.055 0.1885 0.3382 0.2402
' 0.06 0.1918 0.3436 0.2472
(10) ! ( ) 0. 065 0.1944 0.3477 0.2487
’ ’ 0.07 0.1969 0.3515 0.2501
[15] 0.075 0.1979 0.3534 0.2513
, 0.08 0.2032 0.3572 0.2515
0.085 0.2085 0.3592 0.2523
) ) 0.09 0.2122 0.3607 0.2532
BCL. , 8 0.095 0.2157 0.3622 0.2536
0.1mm S (50%
0.1 0.2177 0.3629 0.2545
)
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