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Resonance avoidance design verification of scale model bulb turbine using vibro-acoustic FSI
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Abstract: Hydro turbines as well as bulb turbine, which are operated in water, have different natural frequencies due to added
mass effect of immersed structure in fluid compared with case of dried condition. Thus actual operational condition of turbine
must be considered for resonance avoidance design and vibro-acoustic FSI can be a verifying solution of this analysis. In this
study, natural frequencies of scale model turbine was attained using computational analysis then compared with frequencies of
hydraulic, mechanical and electro-magnetical vibration sources in advance of real scale turbine design. As the result of FSI
analysis, 1~6th natural frequencies of immersed condition were found within 253.46~473.67Hz. These frequencies have more
than 100% separation with those hydraulic excitations as well as operation, blade passing, RSI, VIV, Karman vortex and elec-
tro-magnetic excitations, thus no probability of resonance will be expected in these excitations. This FE analysis method and
verifying process can be applied to various hydro turbine as well as bulb turbine.

Keywords: Bulb turbine, Natural frequency of immersed condition, Excitation source, Resonance avoidance design, Vibro-acous-
tic FSI
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Figure 1: Resonance avoidance design process of hydro
turbine

Table 1: Comparison of spec. between proto & scale model

Head Flow Powe Runner| Inlet | Number of
Rate [RPM| " *'| Dia. | Dia. | Blades
(m) |5 (kW)
(m/s) (m) | (M) Rypner| GV

Proto| 9.2 | 75.3 | 171 | 6,300 | 3,300 |7,820| 4 16

Scale| 9.6 |1.627(1200| 130 | 480 |1,000| 4 16
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Table 2: Material properties & mesh informations of FE

model
Turbine . Young’s |Poisson’s
(STS304) Density Modulus | Ratio Nodes |Elements

7,850kg/m’ | 200 GPa 0.3 [330,978| 165,253

Water Density Spssd o -

Sound Nodes |Elements

998 kg/m* | 1,500 m/s 312,606| 183,865

Figure 2: Bulb turbine — water system FE model
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Figure 3: Bulb turbine —water system boundary conditions
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Table 3: Natural frequencies of bulb turbine

Natural Natural
Mode Freq. Location / Freq. Location /
(without Direction (with Direction
water, Hz) water, Hz)
Blades / Blades /
1 555.48 RW-LW 253.46 FW-BW
Blades / Casing /
2 570.57 Vertical 397.41 RW-LW
Casing / Blades /
3 589.55 RW-LW 407.49 Vertical
Blades/FW-BW Blades /
4 706.88 Casing/FW-BW 416.72 RW-LW
Blades/FW-BW Blades / Vert.
. . 466. .
> 73066 Casing / Vert. 665 Casing / Vert.
Blades / Blades /
6 765.24 FW-BW 473.67 FW-BW
683
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Table 4: Natural frequencies comparison with excitation of
normal operation

Natural Compared with Compared with
Mode | Frequency with | Rated Oper.
Water Freq. BPE
1 253.46Hz 1267% 317%
2 397.41Hz 1987% 497%
3 407.49Hz 2037% 509%
4 416.72Hz 2084% 521%
5 466.5Hz 2333% 583%
6 473.67Hz 2368% 592%
42 220t 28 Flts & ASY FU==2 Blw
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Runaway BPF = Runaway Freq. (Hz) X Zr “)

(Z : Nmberof Runner Blade)

Table 5: Natural frequencies comparison with excitation of

runaway
Natural Compared with | Compared with

Mode F.requency Runaway Freq. BPF

with Water

1 253.46Hz 634% 158%

2 397.41Hz 994% 248%

3 407.49Hz 1019% 255%

4 416.72Hz 1042% 260%

5 466.5Hz 1166% 292%

6 473.67Hz 1184% 296%
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Figure 6: Frequencies comparison with cavitation and 1~6th

natural modes
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Table 6: Natural frequencies comparison with VIV frequencies

Natural Compared with | Compared with
Mode Frequency Lower VIV Upper VIV
with Water Freq. Freq.
1 253.46Hz 6337% 3168%
2 397.41Hz 9935% 4968%
3 407.49Hz 10187% 5094%
4 416.72Hz 10418% 5209%
5 466.5Hz 11663% 5831%
6 473.67Hz 11842% 5921%
Frequency o fAir Gap unbalance 6)
= Rotational Speed <X Pole
= 20Hz X 4 = 80Hz
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Table 7: Natural frequencies comparison with electro-magnet-
ical excitation frequencies

Natural Compared with | Compared with
Mode Frequency Generator Load Air Gap

with Water Freq. Unbalance Freq.

1 253.46Hz 211% 317%

2 397.41Hz 331% 497%

3 407.49Hz 340% 509%

4 416.72Hz 347% 521%

5 466.5Hz 389% 583%

6 473.67Hz 395% 592%
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