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Abstract In this study, to develop an MVR turbo blower for wastewater treatment, fluid-structure
interaction analysis and modal analysis were performed to predict the performance of the turbo blower,
and the performance of the turbo blower was confirmed through experiments. The fluid analysis results
showed that the number of impeller blades suitable for the operating conditions of the turbo blower to
be developed was 16 for the main blade and one for the splitter blade in the middle of the main blade.
Regarding efficiency, the analysis and experimental values were 87.3% and 87.7%, respectively, which
was predicted to be approximately 0.5% smaller based on the experimental value. FSI analysis showed
that the safety factor was approximately 2.1 or more for the case and 15 or more for the impeller, and
the maximum displacement was approximately 1.05mm for the case and 0.02mm for the impeller, which
is considered structurally safe. Modal analysis showed that the natural frequencies of the case and the
first mode of the impeller were 70.30Hz and 142.67Hz, respectively, and the resonance frequency of the
turbo blower was 53.63Hz. Because the natural frequency is larger than the resonance frequency, it is

judged to be stable against the resonance phenomenon.
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Fig. 1. The two different evaporation operations
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Table 1. Comparison of experimental and analysis
results.

Item Experiment Analysis

Gas temperature [C] 72.0 (Steam)

Flow rate [m*/s] 31.5

Impeller speed [rpml] 3,218
Shaft power [kW] 350.0 353.6
Total pressure [kPal 9.68 9.80
Efficiency [%] 87.7 87.3
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Table 2. Material properties of the case and the

impeller
Material UNS SSZjSO(Alloy 2507)
stainless steel
Density [kg/m’] 7.800
Elastic modulus [GPal 210
Poission’s ratio 0.27
Tensile ultimate strength [MPal 860
Tensile yield strength [MPal 590
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9. Model and boundary condition for FIS and
modal analysis
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Fig. 12. Results of FSI analysis for impeller

0065333 Max
0058252
aos0er
Q043659
Q036407
a0z
0021844
0014563
Q0072815

0 Min

(a) 1* mode - 70. SOHZ
Q075860 Max
0050579
0042148

0033718

0025289

omess

o Min

(b) 2™ mode - 135.68

007506 Max

0.06672

005004

o017

00081298
0000 S5 a
o Min

o250z
D008
(©) 3™ mode - 152.84Hz

Fig. 13. Total deformation [m] of modal analysis
results for case

Fig. 133} Fig. 14& 58719 AolAL}t ddeof of

o we o4 23k e Aolt AEsiad she g
B $%7]9] SA4EE 3218 rpm o|EE,

+%7] 9



HEA2E 7143 $7]1 ALS HE 5371 /M

s

A7

Aog WAgsk= 7H Fog= 53.63 He 2 1S 5
AT} Fig. 130 WEpd vie} o] Alo]A9] L2 2j9]
HE JJ2 F2 Aol FUF wiHuols dEd
Fig. 140 Wehd viel o] fdzie] 14} RE= F9
7 I FRE0A TS, UmA] REEs JEd
AN WERAL it Alo|Aet JHE ] 7k B
AES= Table 37+ Zth Aot de9] 13} HE
o] Fs7t $571 2R 7Hl Fafaof wiste] 24
LERAL Qlof $371 24l 2t 54 @4l Histed
FFHQ Aoz woreh

(@) 1*" mode - 142.67Hz

-

(©) 3 mode — 449.50Hz

Fig. 14. Total deformation [m] of modal analysis
results for impeller

Table 3. Modal frequencies in parts

mode parts Case impeller
1st mode [Hz] 70.30 142.67
2nd mode [Hz] 135.68 449.44
3rd mode [Hz] 152.84 449.50
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