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Abstract: In this study, a loosely coupled fluid-structure interaction (FSI) analysis was conducted for a low-pressure
(LP) final-stage rotor blade. Preliminary FSI analyses of a 15° sweptback wing and a NASA Rotor 37 compressor
blade were performed for verifying the boundary conditions. The results were compared with the established literatures
for each model. The FSI analysis of the 15° sweptback wing was carried out under both stable and unstable
conditions. The excessive deformation of the wing was observed within 0.05 s under the unstable condition which is
higher than the divergence speed of a wing compared with the stable condition. On the basis of the results of a
steady-state study, an unsteady state FSI analysis was conducted for a NASA Rotor 37. Different deformations were
observed at trailing edge of the blade in the static FSI and dynamic FSI analysis. A 3D FE model of a LP rotor was
generated from the span-wise section data. In order to develop a reasonable model, an impact test was performed and
compared to the FE model. Using this FE model, the steady-state FSI analysis was performed successfully.
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Table 1 The mechanical properties of aluminum

Physical Properties Value
Density (kg/m3) 2770.0
Modulus of Elasticity (GPa) 60.0
Poisson's Ratio 0.3
Tensile Yield Strength (MPa) 280.0
Compressive Yield Strength (MPa) 280.0
Tensile Ultimate Strength (MPa) 310.0

Table 2 Comparison of natural frequencies between
reference and present FEM results

Mode Experiment FEM Dlscrfpancy
(Hz) (Hz) o)
Mode 1 36.00 36.94 2.61
Mode 2 210.00 219.64 4.59
Mode 3 254.00 252.29 -0.67
Average 2.18
) __ FEM— Reference
* Discrepancy = T Reference %100
NS-QQ v
=) —~—_15°
§ T A \_
s = rLQ Section A-A

140.34

X

Fig. 1 Schematic figure of 15° sweptback wing'®
(unit : mm)
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Free Sleep Wall

Fig. 2 Boundary conditions of fluid domain for 15°
sweptback wing
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Fig. 3 Y direction mesh displacement of the
center of a wing tip
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Table 3 Specification of NASA Rotor 3740

Variable Value
Number of blades 36
Mass flow rate at choke (kg/s) 20.93
Rotational speed (rpm) 17188.7
Total pressure ratio 2.106
Polytropic efficiency 0.889
Inlet total temperature (K) 288.15
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Fig. 4 Computational grid for NASA Rotor 37
axial compressor blade
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2.2 NASA Rotor 37

A4 557 ¢457] NASA Rotor 372 F 3671
Jol=2 o]Fox] ¢lom 17,188.7 rppm?] L
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(b) Computation

Fig. 5 Mach number comparisons between reference
and a present computation at 90% span
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Table 4 Results of test and FE analysis

Mode TEST FEM Discrepancy
(Hz) (Hz) (%)

1¥ bending 51.0 52.7 33

2" bending 158.0 164.8 43

1" torsion 194.0 206.2 6.3

3" bending 277.0 289.8 4.6

Average difference 4.63

FEM— Reference

<100
Reference

* Discrepancy =

Stator  Rotor g

X

Hub T:ﬁz
0400 frm) v

Fig. 12 Subsections of low pressure final stage model
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