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A study on the evolution of vortex in the draft tube of pump-turbine under the runaway condition

LI Qifei'*, ZHAO Chaoben', LONG Shican', QUAN Hui'’

(1. School of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
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Abstract:  To study the hydraulic instability of pump-turbine under runaway condition with different guide vane
openings, the pump-turbine of a certain pumped storage power station was employed. Based on the Realizable k-
turbulent model, the unsteady flow of the whole passage of the pump-turbine with seven different guide vane openings was
calculated. The pressure fluctuation of the inlet of the volute, blade free section, the region between the runner and the
roof , and draft tube was monitored to study the evolution of vortex shape and pressure fluctuation on the draft tube with the
effects on different guide vane opening. Results show that when the guide vane opening is different under runaway
condition, there is a distinct difference of the shape of the vortex. In the small guide vane opening, the vortex is obvious
and the shape of the vortex changes constantly. With the increase of the guide vane opening, the shape of the vortex tends
to the pattern of geometric cone from the disordered status, as well as the screw vortex rope presents the thicker tendency
gradually. In the large guide vane opening, the higher velocity distribution near the vortex rope wall leads to the great loss
of turbulent kinetic energy and other forms of energy near the straight cone region. Meanwhile, the key reason why great
pressure fluctuation is caused in the draft tube is that the vortex is transported continuously towards the downstream.
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Tab.1 The geometry parameters of the pump-turbine
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Fig. 1 Locations of pressure monitoring points pressure
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Tab.2 The grid division of each part
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Tab.3 Comparison between simulation and test result

TS it AR Y Qi ST Qu M QiR ny PR
Realizable k= 0.150 57.61 0.152 57.623 1.32 0.02
OP.1 k-w 0.147 55.20 0.152 57.623 3.29 4.20
SST 0.149 56.90 0.152 57.623 1.97 2.99
Realizable k= 0.271 65.3 0.276 66.217 1.81 1.38
OP.2 k-w 0.274 64.08 0.276 66.217 0.72 3.23
SST 0.266 64.30 0.276 66.217 3.62 2.90
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Tab. 4 Boundary conditions
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Tab. 5 Numerical simulation results of steady flow

FEE/ ny,/ On/ n/ qu!
mm  (remin’) (m’ s (r*min"") (kges™")
11 57.61 0.150 1 051.810 73.943
19 62.30 0.215 1 137.436 105. 984
21 64.74 0.249 1 182.015 122.690
25 66.26 0.276 1 209.762 135.835
33 70.82 0.376 1 292.989 185.349
41 74.47 0.511 1 359.595 251.952
45 76.52 0.545 1 397.056 268. 658
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Fig. 3 Comparison of calculated and experimental results
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Fig.4 The draft tube vortex form under the different runway status
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(¢) da
IR DT T R R

Fig. 6 Velocity vectors on the characteristic plane

(d) ds

F4 L BORE TR A2k L i sh RERUA IR LR v 5 10) 2%
PRHZR( ULIEN 7)o X A5 T S8 32 2 A1 PRTRIBE I JR 2k
J7 i shRe oA B, A 5o 172 JAUIm , RV i
BETR—MSEIL /KA X = - 0.2 m BETIIN, BE A i 5 BE
KA B AR RIS AE ¢y =0.75T 05 = T I,
IRt 374 A — TR XS RE R 2 sl e B R (EL
P BAAE X =0,X =0.2 m 4b, XU W] R KA i ly Jfr BE
TET— Ak X 7 B FCRE i R 46 b T s R RO IR IR e
KA Tty 1 R T — o JEE K, B Tty 1) e S B0 %
o B RE I S AEN Ko i 2 RE T2 2RI T 29, il ad

Tkt , K I AW T KA e IURT 8) LB EE I Ol T R R Al i Y K A A R BT
IR BE RSN RS DL BB /KAS IX 3K 4k Ty T i L AAESE 5] PR R AT RE 3 22, BV 34 Y AR X A
R T ST I T R TE] — N I Bl X R K A L X3 BE S AR, X P e B 458 R TR Tty T BE T G R 2%
B RERRZIN , 38 00 B 2 K A 2E O TR 5% 140 mm Ak 2K N RE R B R R 55
15.000 FoT -
13.500 &
12,000 IE
10,500
49,0000
7.500
6.000
4500
3000
1.500
o
[m-s']
1.4 1.1y
13 ; 15 - L6
= 1.2 i ~ l4 = -
3 0 LR 2
= Lo ) &= Lip ¢ &
= 0 e I =10
3 o} - kS g: . ) & - .
ofp " % ! I
0.300.130.100.03 0-005-010-015-020 020015 0.100.05 0 005-010-0.15-020 0015010005 0005010015020
(a) £=0.5T (b) £=0.75T (¢) t=T
B 7 He ) A T 43 A ] BE T B ) i sh BBV Xy ) 4 AR 1A

Fig. 7 The velocity distribution on the pressure isosurface



a4 A KADREHL G T KA i AL 27

*6 REXEENEINAWHLNE(ae, =21 mm)
Tab. 6 Experimental value of pressure pulsation of
draft tube( a, =21 mm)
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Fig. 9 The pressure fluctuations on each monitoring points in the draft tube
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