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ABSTRACT

Impeller blades in the centrifugal compressor are subjected to periodic aerodynamic excitations by
interactions between the impeller and the diffuser vanes (DV) in resonant conditions. This may cause
high cycle fatigue (HCF) and eventually result in failure of the blades. In order to predict the
structural response accurately, the aerodynamic excitation and the major resonant conditions were
predicted using unsteady computational fluid dynamics (CFD) and structural analysis. Then, a forced
vibration analysis was performed by going through one-way fluid-structure interaction (FSI). A
numerical analysis procedure was established to evaluate the structural safety with respect to HCEF.
The numerical analysis procedure proposed in this paper is expected to contribute toward preventing
HCF problems in the initial design stage of an impeller.
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FSI  : fluid-structure interaction

N, : number of impeller blades

N,  : number of diffuser vanes

I} : inter blade phase angle (IBPA)

k : nodal diameter (ND)

w, : excitation frequency due to diffuser
vanes

0 : rotating speed of impeller

VPF : vane passing frequency
E : number of excitation source

SAFE : Singh’s advanced frequency evaluation

SST  : shear stress transport
[M] : structural mass matrix
[C]  : structural damping matrix
[K] : structural stiffness matrix
{u} : nodal displacement vector
n : harmonic index
P, : time-averaged value
P, : real pressure components
P, ! imaginary pressure components
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o, Table 2. Properties of analytical model.

i Impeller Blade No. |[Main: 8EA, Splitter: 8EA
£ DV. No. 16 EA

:E Material Stainless steel

Eﬂ Design pressure ratio 2.53

=5
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m

Fig. 10 Modified Goodman diagram.
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Table 3. Mode shape and resonance margin at
nodal diameter 0.
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10 Blade-disk mode 5.8
11 Blade mode 10.5
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