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Abstract; [ Objective ] During the low-head start-up of pumped-storage units, units are prone to entering the unstable reverse-S
zone of the full characteristic curve, which can lead to failure in grid connection and severely affect the safe and stable operation
of the units. [ Methods | A three-dimensional numerical simulation was conducted to study the low-head start-up process of the
full-flow system in a pumped-storage hydropower plant’ s pump-turbine units, focusing on analyzing pressure pulsations in the
volute and guide vane impeller regions, as well as internal flow characteristics. [ Results ] The simulation result showed that
during the low-head start-up process of the pumped-storage units, in the stage of guide vane opening, vortices and blocked flow
paths at the impeller inlet and within the impeller blades reduced the flow, generating a water hammer effect that rapidly
increased the upstream pressure of the impeller. As the high pressure caused by the water hammer dissipated, the flow increased
rapidly, followed by a slight negative water hammer that caused the pressure to drop. After the guide vanes stopped moving, the
distribution of vortex structures at the impeller inlet and outlet decreased. As the impeller torque continued to decrease, the units
entered the reverse-S zone and approached the no-load operating condition, with pressure pulsations starting to intensify. Unstable
vortex structures reappeared at the leading and trailing edges of the impeller blades, and the increased water flow velocity at the
impeller outlet caused the vortex belt in the tailwater pipe to extend downstream, forming a double-layer vortex structure at the
center and near the wall. [ Conclusion ] Some vortex structures are the main cause of the instability of the units’ external
characteristic parameters at the beginning of the start-up process. As the process continues, pressure pulsations begin to
increase, and unstable vortex structures reappear within the impeller flow passages, [ Results]ing in the unstable hydraulic
characteristics of the pump turbine under no-load conditions. The analysis of pressure pulsations and internal flow characteristics
in the volute and guide vane impeller regions aims to provide a reference for achieving stable low-head start-up of the pumped-
storage units.

Keywords : pumped-storage power station; pump turbine; reverse-S characteristic; low-head start-up; pressure pulsation; flow
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Fig. 1 Schematic diagram of the transition process

of pumped-storage units
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Table 1 Basic parameters of pumped-storage power station
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Fig.2 Three-dimensional model of full-flow system of

pumped-storage power station
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Fig. 4 Inlet pressure distribution of water conveyance tunnel

1.3 EABNEIEE

RERFEAE T IFBE AT RS X T80 R I ik
sEbE, FENLE PR AT RS T AR B R 7 W A
e s fims, @ﬂwﬁ%mﬂRWLﬁWuﬁ,f
L R P R 1 L = € 2 U o RTINS R T
TEMRSE NV I 80 7 ) 8B 9 N Wa il &5 SC-1—9, 7F
fif] S M W A5 SV1—20, FE [ e Tt A
6 3 S 22 (R B AR I A GV1—20, FETE 3h 50
B 2 A A T DX 1 W A, VE1—20,

SC-1
P -
" SV-1
+ [ ]
SC-9 , /A8 X+
+ 4+ g + +
kKl ,.".‘. * + +
il + VL-1 ) St
SV-16 el '] It
woe + 4 /AR ANSS
+ \ A +
\\ H 4+
TN [ T\esye
+ N +
* N T+
+ + *
+ + + * + +
C e
+ * + ®sc-6

5 WMEMSHXEENENSEETE
Fig. 5 Schematic diagram of pressure monitoring points

in volute and guide vane regions

A A W I R 1) T A A R Bk sl © ) R AT A

o B AR AR BB A, A3 A A T AR
GRS
PP 12
P = (12)

K, p BT (Pa) s p HTFETI(Pa); g H
IR (m®/s) 3 H NZ T FHKK (m) .

205



KB, &/ KRAKBYRAKESSRENRSNEARELTR

2 LS

2.1 HUAMFHED T

T Bl B AR 0 AR A S 75 Ll S PRas £ 7 i i
TR, BT 30T E A b Sh IS RS 1 E A
FRUE S0 P A% BT, 3 ) ST EE M N 1R IR T
Ja, Hi20s WRMEE BB 1°HF R 2 6°, 20s ZJ5
WEhRMIFEEARZ | W 6 i, fUES, BEES
MIFRE, PLAREAWIG M, 120G sh S e ks e s
FEASAL R BIR )N, R AFAETE 416. 2r/min 247,
BTG n, AR 2E 2. 89%

10 600
— = QS
ek 4500
8 -
IR o T I U S A () I
~ 400
< —— L S
= ‘ :
® 7/ 4300 &
£ .
w40 w1, ¥
/ £ 4251 . 1“/] 200
;. § 45—
2K/ 405
s 50 55 60 65 70 160
Hif 1R)/s
1 1 1 1 1 1 O
0 10 20 30 40 50 60 70
/s

6 ‘NI ENAFEERETNL
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