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Abstract : The present study aims at investigating the effect of the fluid-structure interaction on the aerodynamic

performances in the turbo blower. The design specifications of the reference model driven by 400kW power were

given as 7.43kg/s of mass flow rate, 1.66 of pressure ratio with 12000rpm of impeller rotating speed. Numerical

simulation has been performed on the three cases based on the tip clearance between the impeller blade and the
shroud. The CFX-turbo for flow fields and ANSYS-mechanical for structure domain were applied to solve the

present FSI problems inside the turbo blower. Through the numerical results, the performances corrected by the

FSI effects were proposed for the more reliable predictions.
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Fig. 1 The sectional view along the flow path

Table 1 Design specifications of the turbo blower

IGV 15 ea
Number of
blades Impeller 20 ea
Diffuser 19ea
Total pressure | 101.325 kPa

Inlet diti

nlet conditions Total 203 K
temperature

Outlet conditions | Mass flow rate | 7.43 kg/s

Tip clearance 0.75 mm
Rotaional speed of impeller 12,000 rpm
Initlal Mode Geometry
Tralling Edge

~ Run Mode Geomsetry

Shroud

z

Leading Edge

Fig. 2 Definition sketch if structural deformation

around the tip region
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Table 2 Simulation parameters

Tip clearance
Leading Trailing
edge edge A[Vnell;?j”e
[mm] [mm]
Case 1 0.750 0.750 0.750
Case 2 0.810 1.336 1.073
Case 3 0.254 0.747 0.500
[infiow] |

Ciper]

[outon] Crzmy
(a) Around the IGV  (b) Inside the impeller and
diffuser

Fig. 3 Computational meshes for flow analysis

Temperature

Unit: *C
100 Max
915
83
745
66
575
49
405
32

17.865 Min
15

(b) Thermal
condition

(a) Computational
meshes

Fig. 4 Pre-processing results for the structural analysis
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Fig. 5 Aerodynamic performances predicted by

CFD compared with experimental results
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initial mode
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Fig. 7 Comparisons of deformation factors for Case

1 at run mode

Table 3 Summaries of numerical results for Case 1

Condition Initial | Run

Property mode | mode

) Leading edge | 0.750 | 0.696

Tip clearance [Ty o " edge | 0750 | 0.203

[mm]

Average 0.750 | 0.490

.| Total pressure | ) /a0 | a7
Aerodynamic ratio

performance Efﬁ((:)lency 8751 | 88483
[%]

Table 4 Analysis of structural deformation for Case 1

ondition | Rotating | Thermal | Combin
Deformatr force - fluidic ation
Leading edge | ) jag 0.018 0.054
[mm]
Trailing edge | 5, 0.393 0.547
[mm]
Average [mm] 0.095 0.205 0.300
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Table 5 Summaries of numerical results for Case 2

Condition Initial | Run

Property mode | mode

Leading edge | 0.810 | 0.753

Tip clearance [y e edge | 1336 | 0.771

[mm]
Average 1.073 | 0.762
.| Total pressure | gon | g1g
Aerodynamic ratio

performance Efficiency

[%] 8741 | 87.48

- AP

=
° 1:1]-1_03

Table 6 Summaries of numerical results for Case 3

Condition Initial | Run
Property mode | mode
) Leading edge 0.254 | 0.202
Tip frfr?lr]ame Trailing edge | 0.747 | 0.204
Average 0.500 | 0.203
| Total pressure | g5y | 76
Aerodynamic ratio
erformance ici
P Efficiency | g59 | 8386
[%]
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Fig. 9 Aerodynamic performances curves with
variations of tip clearance
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