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DYNAMIC BEHAVIOUR OF A ROTOR PARTIALLY FILLED WITH
FLUID IN THE UNSTABLE REGION
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(Department of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)
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Abstract: The whirling behaviour of an over-hung rotor partially filled with fluid in the unstable region is in—
vestigated experimentally. Specific attention is paid to the developing process of the rotor instability, the
w hirling frequency and direction within the unstable region, the fluid free surface characteristics and the dy—
namical behaviour of the rotor system while the instability occurs. The effects of the fluid fill ratio on the
w hirling frequency and the unstable region are also studied. The results clarify many issues and show many
new phenomena about the instability of the rotor partially filled with fluid for the first time. T hese new phe-
nomena include the subsynchronous frequency occurring before the instability which does not result in the in—
stability of the rotor system and disappears in the unstable speed region at large fluid fill ratios, different
w hirling frequencies existing in the unstable region betw een the slowing increasing and decreasing speed oper—
ation, the breaking-down phenomenon of the fluid free surface and the chaotic motion.
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Fig. 1 Schematic of the test rig
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Fig-2  Unbalance response and frequency spectrum

of the vibration of rotro system with 250g water
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Fig. 3 Fluid free surface after occurring breaking—
down phenomenon
2
4
0.75
0.50
0.25
E 0.00
" 025
-0.50
0.7 |
-0.75-0.5-0.25 0 0.250.500.75
x/mm
0.50
0.25 |
:
=~ 0.00
E
é»O.ZS
-0.50
0.0
S 1n] /s
0.5
E 0.4
<03
202
0.1
0.0 A
L L L i 1 1 ! ] 1 | 1
0.0 5.0 10.0 15.0 200 25.0 30.0
#i-% /mm
4
Fig- 4  Rotor orbit, time history and spectrum in

chaotic motion
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Fig. 6 The ratio of whirling frequency to rotational
(0- 3 1= s 3 3- frequency in unstable region versus fluid fill ratios

Fig.5 U nbalance response and frequency spectum of

the vibration of rotor system with 1000 g wa—
ter
(0 in suberitical speed region , 1 in resonant region, 2
in supercritical speed region, 3 occurring sub-syn-
chronous frequency, 4 before losing stability, 5 after

losing stability)

(where - is for deceleration operation; © is for ac—
celeration operation. )

(@is the radius of the fluid free surface; b is the ra—

dius of the chamber)
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