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Overview of rotating stall in centrifugal pumps with vaned diffuser
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Abstract; Rotating stall phenomenon in centrifuge pumps with vaned diffuser restricts significantly
their own operational safety and stability. The rotating stall can be classified into two groups according
its propagation direction, namely the forward rotating stall and backward rotating stall. Normally, the
forward rotating stall occurs easily in the inlet of impeller at part-load conditions, while the backward
rotating stall happens in the diffuser channels near design condition. Both types of rotating stall can
lead to a considerable influence on the pump performance curve. Presently, CFD or PIV or unsteady
pressure measurement is commonly used to study the rotating stall in a centrifugal pump with vaned dif-
fuser in China and abroad in a combined manner. The characteristic parameters of rotating stall inclu-
ding frequency, number of stall cells and propagating speed etc. are obtained by conducting analyses
of fluid velocity and pressure fluctuation signals in frequency and time domains respectively. However,
how a rotating stall cell to occur and develop etc. in the pump remains unanswered. Thus for these
problems a throughout experimental and analytical investigation is desirable.
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Fig.1 Classic explain on rotating stall phenomenon
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Fig.2 Structure of vaned diffuser in centrifugal pump

iRt 2R AR AR T T 1) 3 Ay I 1) e A 2R
(forward rotating stall , FRS) Fl Jz [n] i€ % 2k 1 ( back-
ward rotating stall, BRS). Yoshida i L4 o 0 A
ANfEl i S 1 A IE 2 R ks E
hAGE RGP 3 s, FE B thoa] LUE HOE e e 2R
SRS o) A < 3 A A ) D e DX 2 A AR
AR I 1) g Jk 2l e {8 R /. e /N i B AL
T4 2 3 S I O I [ 2R, R AR 2l
1 ~3 Hz. BE& i 3G R, IE 1] e 2R i 2%, e m)
SRR T A B, JFC 3o 9 A 1 Bt AT 5 2k ik (al-
ternative stall, AS) Bl 4. #4520 5l 1 PIV {56 A
BT R AE— AR H B B0 O M S B A
SRR I G [R) N I ) g e 2 3 5 | A M B K T
TR 16 ek S ke 5 | A A

Helmbholtz resonance
frequency~11 Hz

Stz

B3 T Bk sl i B2 A RE i A8 Al
Fig.3  Cross-power spectral density of pressure pulsation at
different flow rates

2 HEEERIEXT IR ERE H L B RS AN

AR e 2 3t 30 A O X i) 03 Sl B
A HEL ( part-load-whirl , PLW') 1 28 4r) A B5U€ 7k
(full-load instability , FLI') (1,

el 4 SRy—5 L H n, =35 min ™' (KK AL
TERB T BT ERE IR, R Tl S 0 4 2




BE,F

S B O R N ERIERE KT

PRI AT E TE R oI U R th R A/ N i
e HH B SR 8 1T B , A 2% AN A e TE 20 98 o AT e
Uit s WA I 3 K, 7 0. 80Q, BT, #7072 AR iy
ZARH BN PRz AT E e A O AR e

)\

—_

HIH, ,n/n,

0 1.00
010,

B4 Rt T AR KPR M
Fig.4 Shape of performance curve of a pump — turbine
2.1 EPIEFTHER
WFgE i, S B O s T /N T 0.650,
i, PRSI 8 0 1 R I 3 T 5 0T T AR BT [ 3
Gy AR RE 2R AN R DX, i 5 0 o 1) 2 —
g )N, BN XU 2 3 ) 4 K T A T RE I
[ PALAE A7 2% [ 37 LA % R 114 3% 311 ( whirling mo-
tion) R, RS FR 358 43 Bk A e . B S S — L
R n, =85 min ' YESLFE PLW 3 3l % g iih &
SRR PLW XA ) £E 4 5 6] i 8 TR
3k (NPSH) WA B &L 5 AT RLE H NI = T
U, NPSH, B35 i 5 B I/INTT 3 K 5 78 PLW 47456,
NPSH, ik 5\ 5 K AR ; B 2% 7 5 0 E— 25 0k /N, NPSH,
(S BLTR .

1.8 ‘
T H/H,
16
. NPSH,
\NPSH,,
14 5
1 \
\
NUL
1.2 ! .
-] = ! \Y
Ty !
Al i
&
2% 1.0 I
= 08 — ’
0.6 ‘
14
0.2
0 02 04 06 08 10 12
0/0,

Bl5 RO IERE AN T A
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