20224 11 A Z%ikm Tﬁ?"iﬂi F53EHE 1M

doi:10.6041/j. issn. 1000-1298.2022. 11. 020

e gt IR B ML b 7 it HE K BX & B IR B E =

wERT OBRAET O BRET FFX KRS
(LA R AR 1A TRREBR, (A 830052; 2. MRDICRI TREE4 K IIA T A S0, 1488 K5 830052,
3. RS AR AT IR FLTILME KL, £ 832000)

FEE . W PR KSR T UK S AL T T P AS R B R 450 5CR B AR A vl A4, DAL I — oK Bk 4 SN
B A4 FIH UG BT 1Y 4 AR b it 18 5 R 25 A A S A 8 0 52, 6 P S Ak 8l ) 2 (CFD) BiAR , R A BT )
N 7 A% i ( SST) i i A5 A 4 AR Ry _Foelitt-HE /K S5 A9 7E 7 Fhiri i T R IF BB T8 T ol 3Tt 28 F, Wside
LT R L8117 NN M il it e N 1 VA S N W1 6 A A TR B2 o o O g2 I N T i | 7 R
4 DI R AR S AR TE — 8 25 57 5 OB /K AR ML 325 28 0 RE T SR BB % A0 IR A 1K Bt HE K I TR 254, i 45 F4 AH
L Aty 25 A o 88 AV 2 28 P g IR Sl 1 /K A 7 iz S ) Bt i s 4 B RO TR R R AR TR IR IR 45
Y ZRE I Y AR 5 LA SO SR BN D040 B A 5 X2 H vty = il 28 dhs K T A0, SROBBCS, P 0 2R A B 5 Yk HE /K % P 5 4 T
it S5l T MR TR 15. 98% 247 | LSl ml K T 3 REAR 52. 99% AiAy , RKAR S LB B 1730 %, %
W SELE A G0 1 B — M HE A R P 285 1 Bt D341 T 5021, b m K SR IR KB LR SR AR 28 B A 28 S L s i
LI T S5 R

S PRI, WHEKIBE AR 5 SRS ; st SRR S

hE 5 EKS . TKT3 XHERARIAAD . A XEHS . 1000-1298(2022)11-0208-07 OSID ; Sﬁ%ﬁﬁ

Combined Depressurization of Upper Crown Drainage of
Francis Turbine Based on CFD
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Abstract; In order to study the effect and optimization feasibility of different pressure-reducing structures
in the upper crown flow channel of medium and high head Francis turbines, taking the No. 4 unit of
Hongshanzui First-Stage Hydropower Station as an example, four different depressurization structure
models of upper crown channel established by UG were taken as the research object. Based on
computational fluid dynamics( CFD)technology, shear stress transport ( SST) turbulence model was used
to simulate a total of 28 calculation conditions of four different upper crown drainage structures under
seven flow rates. The research indicators were the flow distribution characteristics of leakage water, the
lower side pressure of main shaft seal, the axial water thrust of the upper crown and the sealing
performance of the comb ring. The results showed that there were some differences in the leakage water
flow regime in different drainage and depressurization structures. In order to improve the sealing
performance of the turbine main shaft, a combined drainage and depressurization structure with a runner
pump can be adopted. Compared with other structures, this structure had significant effects on reducing
the main shaft sealing pressure, the axial water thrust of upper crown and the leakage of upper crown
clearance. Adjusting the geometric parameters of the pump blades or pump cover of the pressure-reducing
structure of the runner pump can achieve the optimization purpose. In view of the leakage problem of the
main shaft seal of the power station, the combined drainage and pressure reduction structure with runner
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pump can reduce the lower side pressure of the main shaft seal by about 15. 98% on average and the axial

water thrust of the upper crown by about 52.99% on average, which can greatly improve the operation

efficiency of the power station. A runner pump was added on the basis of the traditional single drainage

and pressure-reduction structure, which provided a reference for obtaining the best comprehensive benefit

and its transformation and optimization of a medium-high head Francis turbine.

Key words: Francis turbine; combined depressurization of water drainage ; axial water thrust; main shaft

seal ; numerical simulation
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Fig.7 Top cover drain pipe depressurization structure only of 2D streamline diagrams
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