ISSN 1349-1121
JAXA-RM-13-009

FHMZMARERIBHAREEN

JAXA Research and Development Memorandum

PIRED S NFODOEEERIF TR A ZERR
CPARER/ T« 72— YEE &R, fell++ET—232>) D
BIRAICEE T &—FB R

S H i

2013%F 10H

FHEMZMARFEES

Japan Aerospace Exploration Agency

This document is provided by JAXA.



FREDSMEDLY ES ERAERRFRERR (PRE/ T« 72—
ERI%E, EEFXvYET—>3aY) ORMAICETSI—BER

ElEIE

A Study of Synchronization of Impeller Whirling Motion with Rotating Flow Instability
(Impeller/Diffuser Rotating Stall and Rotating Cavitation) in Turbomachine*

Yoshiki YOSHIDA*

ABSTRACT
Rotordynamic fluid forces coupled with flow instabilities (i.e., impeller/diffuser rotating stall and rotating
cavitation) in turbomachines were examined. Variations of fluid forces arisen from the flow instabilities have
the similar characteristics, even if under the rotating stall or the rotating cavitation. The phase of the whirling
fluid force vector changes by m around the natural frequency of flow instabilities. Kuramoto’s nonlinear
model could explain well the synchronization of the whirling motion with the rotating flow instabilities.
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Fig. 1 Definition of rotordynamic fluid forces Fn, Ft,w,Q, &
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Fig. 2 Typical rotordynamic fluid forces on centrifugal impeller from [2]
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Fig. 3 Sketch of rotordynamic fluid forces on whirling centrifugal impeller with fluid instability
(typical example; propagating of diffuser rotating stall around the whirling impeller)
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Fig. 4 Typical rotordynamic fluid forces on centrifugal impeller
under impeller rotating stall from [9], 0'12=0.8
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Fig. 5 Typical rotordynamic fluid forces on centrifugal impeller
under vaned diffuser rotating stall from [10], © /2=0.11
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Fig. 6 Typical rotordynamic fluid forces on centrifugal impeller
under vaneless diffuser rotating stall from [11], ® /€2=0.26
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Fig. 7 Typical rotordynamic fluid forces on inducer under rotating cavitation from [12], '/
=1.2 (super-synchronous), 1.0 (synchronus)
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Fig. 8 Typical rotordynamic fluid forces on centrifugal impeller under vaneless
diffuser rotating stall from [11], ®'1€9250.26
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(a) Analytical model of shrouded impeller with face-seal
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(b) Analytical result of Fn, Ft

Fig. 9 Rotordynamic fluid forces on impeller front shroud of Childs’s bulk flow

model from [14]
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Fig. 10 Schematic of rotordynamic fluid forces coupled with rotating flow instabilities
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Fig. 11 Typical rotordynamic fluid forces on centrifugal Impeller with
vaned diffuser rearranged from Fig. 2
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Fig. 12 Separation of rotordynamic fluid forces caused by
(a) whirling motion and (b) rotating stall from Fig. 11
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Fig. 14 Experimental rotordynamic fluid forces on centrifugal impeller with vaneless diffuser
at various flow rate [11]
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Fig. 15 Calculated rotordynamic fluid forces on centrifugal impeller with vanless diffuser at
flow rate ¢=0.100 from [11]
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(prRL)- O - & THESEALEN TS,
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F. M om g le C cl|é&ls K ks /e (a19)
Fol™ |-m M|éle| |-c C|ére| |-k K& le ’
[M] [C] [K]

< I ADHFEHIE, FHINEEIMICSW T (paR’L), BELCTIZS VT (paR’L)-Q, 1E4
[KIiZ>W\ it (szzL)- QO THRTALSN TN, (B alDDORIUITHFIES LESH TR
D, kA ERILEDFELL (B M= M, = M,,), 358 BRI D5 LSR5 (B m=m,, =
-m,,) £72 5> T,

B~N I ADEFE T Fn, Ft % o /QTRETHERA GV — 22X A F Iy VKT Fn, Ft
T o/ QT2 KATHRIAHKDZZLICARD. (ZoXDOEH T JAXA-RM-11-0054*
(Appendix) 2 fR)

F,=M(0/Q) —c(0/Q)-K (a20)

E =-m(w/Q) - Clo/Q)+k (a21)
#K(a20) @21)DOFRINA LX) THS. K(a20) 21)DFRBLUTHEHRE AT LIEF ICERR2ERBTIX
DN, B—ZH AT IV TR TID @ / QO 2R B TREL R D LW FR IR 1 7 HI72 RIS
RNZEERZZTHEREL TR LLRRD, ZLOGEIIAR L TR AT LRI AR L E N F LR
WISEITIE, R(a20) (@2D)iFn—24 A vk 15 FK 3 RUWVIEEIEZR o TD (B IEAR SO
207wy AT IR, FERT 2 BB fitting #HI#RZ RS . B EAINVE RO A 2 mi
IEFININDTR(a21) T Ft ZRBILIZG S, #51M11E 0 / QO 1IRBEETRY 0 / QDY) i k
GHE RN PEIE) L AR — CT (BEHBEREE) TR T b5, £z, FE0 £725( w0/ Q) =k/ClT
“whirl ratio” R XAVE>0, C>0D5HE Ft>0872% o /QOHFiFHZRL TWD. 1o Thk/CHREN
2, ATEDVRLZELRD SIVEDVRHE OIS ILKR T 5D T, k/ATn—2F ATy 7k T
DRZESERT —DOOFEEL THWHND.

AR, NIRRT AD I A B R ATADOBRE EWRL THDLDOTIERLS, R EERBIZED
TR 1E DL D THHZ LA FEL THL.
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Fn: Normal force
Ft : Tangential force

Fig. A-1 Definition of rotordynamic fluid forces Fn, Ft

i <«—: destabilizing
\ wRIQ “-1}%}.({)--‘
__________ = w/Q
""""""" (w/Q),,

Ft=-C(w/Q )+k

(a) Forward whirl

~—

w

Ft wel/Q
(W/Q),, l

e\

w/Q

T~

<«—> : destabilizing

(b) Backward whirl

Fig. A-2 Explanation of destabilizing force F; (a) forward whirl

and (b) backward whirl
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