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Stability of a Rotating Hollow Rotor Partially Filled with Liquid
(Effect of Discharging Liquid by Centrifugal Force)
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Takuo NAGAMINE and Yusuke ISHIKAWA

** Department of Mechanical Engineering, Saitama University,
255 Shimo-Okubo, Sakura-ku, Saitama-shi, Saitama, 338-8570 Japan

This paper describes experimental study on the stability characteristics of a rotor partially filled
with water. Constant amount of water is supplied to the rotor continuously and is discharged
radially by centrifugal force. Consequently, the rotor becomes unstable for some rotating speed
range. The unstable speed range depends on the water supply rate as well as the amount of water
in the rotor. Formardly traveling surface waves are also observed while the rotor undergoes an
unstable orbital whirling motion. The wave travels at the same frequency as the rotor vibration
frequency. As the water supply rate increases, the rotor becomes more stable.
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(b) Schematic view

Fig.1 Experimental apparatus
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Fig.3 Dependence of liquid thickness / on rotor speed
(@, ¢, A W:slit at the upper end; @, ¢, A M:slit
at the lower end)

#aL7e. EOAMEIZIIKENIE & — BRIz, 3o
SNRERERY T S5 TWE, BEERES LR S

1K, T— v T ONEER(E-> T T OAEICHIR &
na.

3. HBEREER

AR TR A ST 5 T B

.



WhEEABRST 2 EEEEDOREMN 361

AL VB Uiz, IRIIETORMT 1 Bidh:
D 1000 7 L—A49 30 Tl 7L—Lk Lic. X2
13X 1 CE—F O H) bivictkE LD R b0
ThD. HIIE 12 mm OENRHITLNTEY, £Z
NSt APyl

[EHRARRPRROAREIIAK 2 ik Ligv & & 12iddh
SRORIE & 72503, Kkt &7 o7, a1k S
HITKEHNLE (R Y v MEE), BHEKE&ICE-Th
BEPSZITE. LbL, AEBRICRWTIHEERRR L
L TV KO BRERRDAHBE TE-DOT, =
OMBICRITBKER (X 1@ 5a—bDE) %
Ho TRBANDKEEZREIREDZ LTS, 2B,
ARERH L& X, EERAR FF )6 OB TiE
R e Lo & TUROKBIE & DZEIIEHSEREE 8X2n
rad/s TI3 1mm, 10X27 radls TIIELZFERTE
Tehaole. T bLEBROTMEN TIIENC L DKE
ofgE (ETHM) ORI WEE XD
na. ,

FRIIMHSKBE—TEOFRMEFTIT o7, k&L
KBRS LL o ThBRIERITo. £, &
BENEEH L A2 &) EREEL 2 rads B
B 10 BREEE NI TY-L D & bR SR L
BoT, —EOKBEHIA LSS, EEgko FRIC
VS, KE B i< 22D, FERRE YV BIE Lz RisfAE
BEIZH T BNER LUVKEDOBHR#K 3 1~ %R
TH5HH, AU v MESKEV d=0.1 mm DOFHHH
BNV, Flm & HEmOBD HAE KT 585
&L, TEmEOED LT 256 THHRIE Sz
KERIZERSHD. KB Q LEE=AEREQMR ULl
T, HHALED _ERIOSE OF AR E D TR
Ba L0 bAKE hid/hE.

[EHEE A REIC LR SE D E, HDEEE CHIE
RS B, TO—PIER 4 10RT. K d=0.1 mm
DAY v MRS I T, K& 0=2.0/min &L,
[EREAHEEQ=16.0X 2 rad/s (Z3\ VT EFHRENID S
A LT, IRENHEERIEOCEA LTV S, HHUED
N I ERRERE L [ UM TH Y, BREARET S &,
[ R N T MRESR DMK L=

5 (AR Q 2 Ex I b X OREETT. H5@iE
K% L2e T (©=01/min), /=85mm D& ED
ISETHD. £z, X 5b)~(e) iIAIF M d= 0.1
mm DT & E LT TREE 0 =1.0, 20, 4.0, 7.0
Imin $EZ I & EORENERLICHOTHS. BRI
ADIHRUTHDN, THEEAR x FROBMHIZ
IERMETHD. &6, BTSRRI R 5 e
REES L RIS LB h R L THD. REE

500 [

0 2.5

Timse (s)

(a) Displacement vs. time

300

) o
> @ éwnm%
2300
-300 0 300
X (um)
(b) Trajectory
150

’575_
E Ll
75 kl

10 20

30 40

Hz

(c) Vibration Spectra
Fig4 Observed unstable vibration(Slit =0.1 mm at the
upper end, 0=2.0 /min, Q=16.0X2 7 radks)

RERAE 2 ERRUE R, AR 5T

EERNCBEN L TWA D2 hn5. Eblg, Eibb
15 & D ITFAET HIRENHAKEN NG B & REE
13R< 72D, WRIEL/ &< 2B, HIXE Q0 =70 Imin
DL EY, FEHEAERQ=30X2r rads TRAIREE
12150 pm PAEIZIERGER LV, KEZE & Hiains
B EFRTERIZOIT & Y L 25,

T ILADOIT7-FERTIE, [EREAPIRRELE T
DEEENEENT 2 & REERED I RA T2 THRERE



BEX*ABRT 2P EEERORENY

Unstable—{ _

}.—

Q (radss)
(@) 0=0 lfmin

x21

h (mm)

10

(b) 0=1.0 Jimin

20 30
Q (rad/s)

x2m

10

(¢) 0=2.0 //min

20 30
Q (rad/s)

200 :
150 | i

100 f I

50 | L
N :
30 |
20 |
10 f
0

Ay (pm)

o (rad/s) xp

S
h (mm)

Q (rad/s) x2m
(d) 0=4.0 //min

200
150
100

Ay (pm)

50

40 - 30
307 - 1 20
20 o

0 L [V 14

0 1 1 1 O

10 20 30 40
Q (rad/s) x27

(e) 9=7.0 //min
Fig.5 Rotor Response (Slit 4=0.1 mm at the upper end)

o (rad/s) yon
h (mm)

BIm<i2d. LaL, REERES—ERETD L
RENDT, RIEFEZUHE LoV & & L RRICEB OIRAR
TRICETHR Lo b @E LT3, Zhuox LAEER
RERIL, BT BKEAMENT B L RE L TR T
SEREASENT 2720 T, IRBVORRR I LT
WA Z Eddbhma.

THENDORIIIEEAR o bRLTH D, K&
IC K O T REEREMNRAE U7 A B el
RIBILDITEEREERICE L. SLICTREERT
FRIZ ISV NTEUR S 7o SR AR Y, 0=9.6~9.7X
27 radls 72 7zDIZR LREER R T 0=10.0~
10.3X2x rad/s Tholz, FOKERIIR LT HEEZK
DEINZHE, DTN EEAREE LR LT3
Z Enbd.

“{.



BHEEABT 2T EREEDOLEY

363

200 Vi
:
= a
S 100
< 50
0
§ 40 30
2 307 1 20
E 20t
8 10 f 110
0 : 0
20 30 40
Q (rad/s) x2m
Fig.6 Rotor Response (Slit d=0.1mm at the lower end,
0=2.0//min)
200
150}
£
2 100 |
<
50
0
& 40 30
X
g 30 4 20 fg
S 20 : E
S 10 b & 110 =
0 ~ 0
10 30 40
0 Q rgd/s) X1
Fig.7 Rotor Response (Slit #=0.05 mm at the upper end,
©=1.0 /min)

WITKEKET DAY v MIBZEREROT
ICEE L & & OEREREH 6 (o~ REHIL
LT Q=2.0 //min D & & DEFITEETNT. HIHAL
BEEEXTH, [EHEE AN L OBYROREERHT
RAETIREHICOWT, RV vy MBS HZH S
BRI EmERT. £, RV v ME
d=0.05 mm ¥R MBS DERERER 7 1077
2V v Mgt EiZgi k& 0=1.0 I/min ThH 3.
SULEDSEHRMERIZA Y v MEBRI L B2
W EDhomB.

X 8IIIKE & [BERRERD y HIAZ LA R
LORT. i, BiCidEd YVABRT. B8 (@i

h (mm)

REHH L WS CARZEIREN A Lz & & 0%
FTHY, M8MLNL, [EHEAERS EIHIME d=0.1 mm
DAY v MEZERTT, KB Q=20 I/min & LizL &
REIDRAE LI EOTTHD. EHLLDHEALK
EDRBRIT2oTHHH 14 FER%IC o —F OiRiES
BRERD. TR 9 DXL HITKEDE
VERAA B — & OZERLTE LTHY 14 EEIEITL T
BT ENbnd. ZOREENKEHEITORVGS
ERBEDREESI & 7205 TUNDHO.O,

T, EEORZBNHOEBRIMOBERENE 10 Th
5. M10@id, KENRBENEL ZOEFTHY, K9)
RIS LTWD, D%, KERED Lo —4& DAL
Dy HENTEKR L ol b AR 10b) THD. Tk
FEIIR OMITHRIE LTS, [ 10@IC TSN
ML RO TWABDAb5.

X 8 (X & HIZAE 0=6.0 Ilmin & Z\V & X DOFER
ThHd. TOFEITE, BELTHBEIVNEL,
KR & BRI OAHEEHRIR 8(a), BDL D
o Z 0 L o TWA, ZiudEaasict
HBENTADBEFENCASIBRENTNS, EiERSEE
MR 2ENCHEHE SN T LE 9 72 DICREI KR E < AR
EL2WEEZBNS.

K&, ERRAZRAOKENEEHIC RIS %
LHT-OHK 11 ThHD. X 11 1 3Hh o —& Opy
R a IR DGO b OLbE, KN IEE
IREMI X3 2 ARNEE RN D L T RREREED EQ/ wo
LoTWD, B bla=1 (F7213, hla=0) D&
En—F|IZETHD. M LRWRMATOEER & Wolf
OFTOZ L5 & N LTKBIZ L 6 F, FRER
DHRETHEBIR —FKLTCWA. XY v ME d
ML, KBTS & RERFEEI ML T
WHDNOND. BT, FERNOKENRZ (bla 2
IEV, BHBWNT, hla BKREW) 1ZE, FOEEN
BETHD.

2 Y v MEd=0.05 mm &/NSVIESITIIHAE
WL ADEERUCRITT R I &, LasL, d=0.1
mm &R Yy MEPKE iDL, KEQ MMENTS
IZoh, Bes RSB L A REERRIEL 72
5. THAUIBHE SNTKIIARS O b ASER A
STHNDDT, HHEADRY v MIFRE FHmId
B EEITY, FoIHE SRR ERSRERISA -
THL, MBS TLEY, B0 Hh KD
—FIHHEN IS T BT L EZ BT LM
T&5.



364 BHEEABRT 2 ZEEEADRE R

r 1 1.5
RNl
E 4 [ s s 1] ' E
= . Ll ST -ﬁl“n- L —— ) :
2 { lrev. | |
o U L i L~ s
0 0.1 Time (5)0'2 0.3

(@) Withoutslit (A2=5.5mm, Q =0 /min),
0=127X2 7w rad/s

0.0.03.@

VAN YA

L
—_—

y (mm) <

] y

. ]
R e P
0 " e — . -1.5
0 0.1 Time (s) 0-2 03

(b) Slitd=0.1 mm at the upper end, O =2.0 [ /min,
Q=166 X2n rad/s

0 0.1 Time ©) 0.2 03

(c) Slitd=0.1 mm at the upper end, O =6.0 //min,
Q=30.1X27x rads
Fig.8 Liquid thickness variation vs. rotor displacement

4. F & O
Bz L T B MRS —EREOREHIE L, [

FFICRRHABE RS Te R U » R BIELINCE D KE
S L&, ROLEMIZE L TEREIT, B

- TOfERERT.

(1) KEMEINT 5 & RITEET 5.
(2) BECOERNS, [EHRAPNEROKE b H3RE <72
LLEIVEETHD.
AT IR DT, 2V A IDF
BETy e, BRI Lo TEHIL, BHR
BEREL, HRMTEITO L ETEL TS,

I
:‘r -
Y \
A

K

g% A

.;
«

-

(d) @ wr=37/2
Fig9 Schematic of liquid thickness distribution with

respect to rotor whirling motion((D,@,@and@
correspond to those in Fig.8(b))

o Outer Wall

Inner Wall

Free Surface

@ @ wt=0

Fig.10 Liquid thickness variation(Slit d=0.Imm at the
upper end, 0=2.0 /min, Q=16.6 X2 & radss.
Photos (a) and (b) correspond to Figs.9(a) and (b) ,
respectively.)

® @ wr=n/2

wy



BEEABRT 2P EREFEORES 365

SEH

() JA WOLF, Jr,Trans. ASME, J. Appl. Mech., 35-4, (1968),
pp.676-682.

@ F. F Ehrich, Trans ASME J. Eng Ind 89-4, (1967),
pp.806-812.

(3) G. S. R. Sarma, et al, THE PHYSIGS OF FLUIDS, 14-11,
“(1971), pp.2265-2277.

(9) 7% - Y, HEH, 44-338,(1978), pp.4115-4122.

(5) ik - Bas, 85, 44-338 , (1978), pp.4123-4129.

(6) A7k - ey, H5H, 45-400, (1979), pp.1325-1331.

(7) ik - B - /K, 18R, 48-427(1982), pp.321-327.

©®) &F - L, HEh, 49-439, (1983), pp.370-380.

©) &F - L, H8h 49-439, (1983), pp.381-39L.

(10) &F - #|l, #84, 51-464, (1985), pp.765-772.

QD %R - &F - B, #8a 66-646, (2000), pp.1762-1768.
(12) [N TR H b hBy L, #86, 51-467, (1985), pp.1463-1471.

(13) FP9 - FiA - $E k- AR 44T, B8R, 55-511, (1989), pp.573-580.

(14) A S. BERMAN, T. S. LUNDGREN and A. CHENG, /. Fluid -
Mech, 150, (1985), pp.311-327.

(15) KRR - =M - ]I - FIH, B8R, 51-462, (1985), pp.265-271.
(16) XM - A - {7% - (UM, H#85, 52-474, (1986), pp.474-482.

U7 &FT - 1E - &k, 858 54-505, (1988), pp.2016-2023.

(18) KT - HUH, #§8, 56-552, (1990), pp.269-275.

(19) KT - 65+ - 2350 - RJII, Hgh, 56-531, (1990), pp.2853-2857.

(20) 811+ 5, 484, 57-539, (1991), pp.2170-2177.

@D T - B - il - 75708 - KE - FBR, #8R, 53-496, (1987),
pp.2453-2458.

(22) HM - /KB, R, 57-534, (1991), pp.491-496.

(23) 3 - 4 - FIEE - K, Hi8H, 58-548, (1992), pp.1012-1017.

29 3% - 4 - [EF - @A, HER, 58-556, (1992), pp.3456-3460.

(25) T - 1A, H%3R, No.940-26 1(1994), pp.338-341.

d (mm) Slit at
X 0
A 0.1 top
A 0.1 bottom
<& 0.05 top .
* 0.05 bottom

0
§o
G
1.0/ /min
1 r ) 0.62//min 0.58//min 0.31//min \““X~~\:\
Wolf's®
. 0.27//min
0.5 ! L I
0.6 0.7 b/ 0.8 0.9 1
' a Empty

Fig.11 Stability Diagram (Q=rotor angular speed, wo=natural angular frequency of an empty rotor)




