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Camparison on aerodynam ic danping between subsonic
blade and transonic blade
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Abstract In order to study the aerodynam ic danping fran fliid-stucture nteraction n wibomachmery the aerodynam ic
danping is camputed for subsonic hlade and transonic blade Themethod ntroduced defines the aerodynan ic danping as vis-
cous damping i stmucture that i viscous danping ratios multiplied by velocity The low level coupling is used to solve the
problan. The paper analyses the effect of different modes and different vibration anpliudes under linearity bew een the sub-
sonic blade and the transonic blade and the effect of canpression wave mn subsonic and transonic vane cascades The s ilar
resu lts of aerodynam ic danping can be obtamed betw een the subsonic blade and the transonic blade and the effect of the listed

paran elers is sin ilar
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Fig.1 Finite elan entm odels of blades
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Table 1 Natural frequency of transonic blade

and subsonic blade

M ode The 1st  The 2nd  The 3ud
Natural frequency of transonic blade/Hz 937 82 2660 8 3379 5
Natural frequency of subsonic blade/Hz 410 99 1308 5 1603 8
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Nodal solution
Step=1 Max
Freq=3379 Hz [

i _ _— =
0 3.278 6557 0835 13.113 0 551 11.021 16531 22,041 0 4375 875 13.125 115
1639 4918 8196 11474 14753 2755 8265 13776 19286 2479 2188 6563 10938 15313 19.688
(a) Transonic blade
Nodal solution Nodal solution Nadal solution
Step=1 Max Step=1 Max Step=1
Freq=410.985 Hz ;—'"“-~] Freq=1308 Hz b"j" - Freq=1606 Hz
M Y 2
Min Min
1 I —— ——
2151 3277 4302 5262 7.0 879 3738 5637

0 1.076
0.537774 1.613 2,689  3.764 4.84

0 1.754 3 016
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(b) Subsonic blade

Fig.2 M ode shapes of blades
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Table 2 A erodynam ic modal damping ratio
of transonic blade(% )

Xy ae /MM

a1 a2 a3 a4 s
The Ist 0 409 0 42 Q 407 0 424 Q0 415
The 2nd 0 367 a 376 Q 365 0 373 a 379
The 3ud 0 194 a 194 0 195 0 193 Q195

Table 3 Aerodynam ic modal damping ratio
of subsonic blade(% )

Xy fmm

Q2 04 a6 a 75
The st 0 463 0 488 0 478 Q 475
The 2nd 0 334 0 334 0 335 0 336
The 3ud a 300 a 301 0 302 0 301
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(b) Subsonic blade

{a) Transonic blade

Fig.3 Canputational fluid models
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Fig. 4 Drag coefficient change with flow time
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(a) Pressure side (b) Suction side

Fig. 5 Aerodynam ic danping ratio distribution
of transonic blade

(a) Pressure side (b) Suction side

Fig. 6 Aerodynam ic danping ratio distribution
of transonic blade
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Fig. 7 Steady pressure distribution
on pressure side of transonic blade
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