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Natural Frequency of Turbine Impeller Considering Fluid Effects
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Abstract The turbine impeller was simplified to a disk immersed in fluid and the vibration
differential equation of the disk was established with considering the effect of boundary conditions
on natural frequency of the disk. The influence of different disk speed fluid depth and fluid
density on the natural frequency was studied. The results show that the natural frequency of the
disk immersed in fluid decreased comparing with the natural frequency of the disk in vacuum.
When the disk in fluid is rotated the mode of the disk is changed from standing wave to traveling
wave. Different rotation directions correspond to two different natural frequencies. As the fluid
depth reduces the value of natural frequency decreases. The higher the fluid density is the lower
the natural frequency is.
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hy, =5 mm g =0.3. H = 1
Table 1 Natural frequency of disk in air
30 mm p, =1 000 kg/m’. quency
5 2 /Hz
: " 0 3 6
-2 171.32 171.32 171.32
+2 171. 32 171. 32 171.32
1 -3 385. 47 385.47 385. 47
5 +3 385.47 385. 47 385.47
2
Table 2 Natural frequency of disk in water
/Hz
n
0 1 2 3 4 5 6
-2 118. 31 119. 35 120. 38 121. 41 122. 43 123.43 124. 43
+2 118. 31 117.26 116.20 115.13 114. 06 112.97 111. 88
-3 304. 06 305. 19 306. 31 307. 43 308. 53 309. 64 310.73
+3 304. 06 302.92 301.78 300. 63 299. 47 298. 30 297.13
1 n=+2
1.10
=
—n= ]
n= =3 . /”/
2 n = +2 §105 //,’
n= _2 I//
n / (@)
1.00
1.026
n ———p=—
n=+3 - = ”’,—” _____
1 2
";ﬁl.013-
3
2.3
(b)
1.000
30 65 100
3 Hz H/mm
H 2
Fig. 2 Natural frequency in different depth fluids
. 2a  2b H 9 quency P
a — b —
30 ~100 mm
fu 2
H Sfo.os 0.03 m
2a 0.08 m
0.06 m

0.06 m
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906. 4 kg m ™’

=1000 kg m™’ p
p =778.0kg m™.

3b

Sfi/Hz

65 100

H/mm

Fig. 3 Natural frequency in fluid with different densities
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