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Research on High-speed Water Ring in Bladeless Zone
under Runaway Condition
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Abstract; Aiming to investigate the formation mechanism of high-speed water ring in the vaneless region
and the effect on the stable operation of the unit under the runaway condition, the pump-turbine of one
certain pumped storage power station was employed. Based on realizable k¥ — & turbulent model, the
unsteady flow of the whole passage of pump-turbine was calculated. Some parameters such as the speed of
the high-speed water ring were studied in bladeless zone. And comparing the numerical simulation results
with the test, the results showed that there was an intrinsic connection between the S-shaped curve of the
pump turbine and the stability of runaway operating. The value of fluid velocity in the bladeless zone was
larger under the runaway condition. High-speed water ring in the bladeless zone under runaway conditions
led to instability of running under the runaway condition, the high-speed water ring became more obvious
with the decrease of the opening. Under small flow conditions, due to the large angle of attack between
the incoming flow direction and the blade bone line, the vortex structure of the runner blade ends was
regularly developed, and the angle of attack was increased with the flow variation. Vortex evolution was
random and vortex evolution affected the change of blade angle of attack. The angle of attack varied
greatly over time and there was great randomness. High-speed water rings were responsible for this
random fluctuation.
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Fig.1 Computational domains of model pump-turbine
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Tab.1 Geometry parameters of pump-turbine
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Fig.2  Sketch of local mesh
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Tab.2 Grid division of each part
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Tab.3 Boundary conditions
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Tab.4 Numerical simulation results of steady flow

R

JPEE PR g/ B Eeylins  BEDI SRS
ag/mm  (pepin ') Qn/(m*+s™")  (remin~') ¢,/ (kg's™")
11 57.61 0. 150 1 051. 810 73.943
19 62.30 0.215 1137. 436 105. 984
21 64.74 0. 249 1182.015 122. 690
25 66. 26 0.276 1209. 762 135. 835
33 70. 82 0.376 1292.989 185.349
41 74. 47 0.511 1359. 595 251.952
45 76.52 0. 545 1397. 056 268. 658
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Fig.3  Comparison of calculated and experimental results
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Fig.4 Test platform of pump-turbine
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Tab.5 Parameters of test-bed

S8 Al
B 1 207K 3k /m 190
TAERR R/ (m®-s™1) 2.0
AL hRFR AR/ mm 300 ~ 500
ML H/ kW 500
MBI EH/ (romin~") 0 ~2500
PR X I B L AL TR/ kW 600
A A IE 3 X [ 2B m? 120
IKPEZFL/ m? 750
121
10} = et ~ JFIE6 mm
~JFEEL mm
0.8 « JFHE1S mm
fony - FFEE19 mm
W 0.6 = JFHEE2] mm
- ~ HHEE2S mm
E 04} - JFHEE29 mm
i 02l « FFHE33 mm
E s - ﬂ_—}gﬁ? mm
= k ~ JFJE41 mm
..;g: 9 « FFIE4S mm
E -0.2 H {34‘? mm
-04
-0.6 —.
=0.8 L L I s y
0 20 60 60 100 120

40
Q‘l{\}:ﬁ’{-‘jﬂrr"f(r'min b

FOKEEHL S bt (B 6) . 1 HAEAR TR &2 Lo T, 7%
ek I 5 S 22 8] A S AR, T B K R
XA B ZE R (I 6a) , T R UE— 2 F
R, DRI S XA 4k, |l JEL AT AR /NI B G
TR T X R K IR A 5 R 2 A T X,
KX F BT I 2E
3.2 TMRXSERABEEST
3.2.1 AEHE

FERETE B BE = T A L 2 R LR —

NS N PR
ANEBERSEL, e X
25001
20000 +JFHEEG mm
L ~JFEELL mm
K00 ~JFHELS mm
~ looop ° = FFEE19 mm
E s00F *Tf‘lﬁ?l mm
= ~JFHE25 mm
:: 0F = JFHE29 mm
= L « JFHE33 mm
2 -500 - JFHE37 mm
4= =1000F ~ IFEE4]l mm
o | = HHE45 mm
~1500 = FFHE49 mm
=2000F
=2500+
=3000 i i i ]
0 20 40 60 60 100 1201

Bicd jvE Hn /(e min'}

K5 KFEKBEHBIIPIE S S DX 2k

Fig.5 Characteristic curves of preliminary test in S zone for pump turbine model
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Fig.7 Radial velocity feature map and velocity triangle
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