D HEEBLBE LR 3 ALk

s Journal of Drainage and Irrigation Machinery Engineering

33 % e
Vol. 33 No. 4

doi;10.3969/j. issn. 1674 - 8530. 14. 1001

JePIEAS B VKT TR BT i SXHLA
KA

=R, MRk, A8, B
RIS A2 5 0L TR TF 2 R T 5 92805 KR, 1)1 S 610065)

FEE: ARG T e el KR A B A @) KA J7 2 0 18R IS AR AT B 8, SR R T AR 8

BREZRH ARAET SR E S RTFOERRIH HERTAXLANETR. L2 FoH5H —K

K B E] A S B K BT 5 B BT B AR et R BT B T, AN B TR 4 KRR AT ER

B A AR EAR  ZEFrE R XAME T, 24 FH . FalKES SEREARAER

KB TR A it AR S ARRACHT A Y R A B E. R rh AR K AR R B R E PR E R

AR R B v b R R, T 3 PR AL B3 At 3 R dh &) RO ) a8 E SR R T

FREAEG KM, BITE T A XA {70 RFEIF R LR, S RELEZ &R

RABATAA I FEL

K : AT TR XA L AT 5 R AR X AR 5 B RO I f ik

hE4ES: TH311 XEkirsfd: A XEHS: 1674 -8530(2015)04 - 0322 -05

BER, %, 18, % EFEXRTWTORAXNAXAARRALI]. AN TESIR,2015,33(4) 322 -326.

Chen Yunliang, Xu Yong, Du Min, et al. Optimal design of close law for bulb tubular type turbine based on orthogonal design[ J].
Journal of Drainage and Irrigation Machinery Engineering(JDIME) , 2015,33(4) :322 —326. (in Chinese)

Optimal design of close law for bulb tubular type turbine
based on orthogonal design

Chen Yunliang, Xu Yong, Du Min, Yang Hua

(State Key Laboratory of Hydraulics and Mountain River Engineering, College of Water Resource & Hydropower, Sichuan University,
Chengdu, Sichuan 610065, China)

Abstract: The power station of bulb tubular type turbine is characteristic of low head and large dis-
charge. The transient quality of unit is impacted greatly by the close law of gates and blades during the
large fluctuation after load rejection. The objective function for the transient composed of the unit’s ro-
tate speed rise, the water pressure at the gates’ front and the axial hydraulic thrust was established and
corresponding weight coefficients were determined. The orthogonal design calculation suitable for multi-
factor and multi-level was adopted to optimize the close law of unit. Specifying the first time of gates
close, the second time, the inflection point of gates close and the close time of blades were appointed
as factors. The orthogonal design calculation was implemented with four levels adopted for every factor.
The results show that the transient quality such as the rotate speed rise, the water pressure at the gates’
front, the axial hydraulic thrust and the water pressure at the draft tubes’ inlet, are improved signifi-

cantly under the optimal close law of gates and blades. The water hammer pressure in penstock and the
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vacuum degree at the draft tubes’ inlet can be decreased in the case of blades closed slowly. The rotate

speed rise of unit and the axial backward thrust can be notably reduced. A better close law can be ob-

tained by the orthogonal design calculation so that the better transient of bulb tubular type turbine after

load rejection would occur. It can provide guidance of ensuring safety and stable operation of power

station.
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Tab.1 Orthogonal design table for load rejection at rated head

! Tq/s To/s Y, T/s 8 ¢ P 1%
1 5 10 0.4 30 0.427 0. 604 0.840 0.729
2 5 10 0.5 40 0.421 0.572 0. 669 0.706
3 5 10 0.6 45 0.418 0.528 0. 620 0. 682
4 5 10 0.7 50 0.398 0.410 0. 662 0. 602
5 5 15 0.4 40 0.421 0.592 0.815 0.717
6 5 15 0.5 30 0.427 0.575 0.526 0.715
7 5 15 0.6 50 0.417 0.532 0.403 0. 683
8 5 15 0.7 45 0.397 0. 408 0.392 0. 601
9 5 20 0.4 45 0.418 0.590 0.816 0.713
10 5 20 0.5 50 0.417 0.569 0.530 0.701
11 5 20 0.6 30 0.427 0.506 0.393 0. 680
12 5 20 0.7 40 0.398 0. 409 0.332 0. 603
13 5 25 0.4 50 0.417 0.586 0.817 0.710
14 5 25 0.5 45 0.418 0.572 0.534 0.704
15 5 25 0.6 40 0.421 0.522 0.439 0. 681
16 5 25 0.7 30 0. 406 0. 408 0.419 0.610
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Tab.2 Orthogonal design calculation at the first stage time 5 s of gates close

KFEL Tsy/s V(Ts) Yy V(Yq) T/s v(r,)

1 10 0. 680 0.4 0.717 30 0. 684

2 15 0.679 0.5 0.707 40 0.677

3 20 0. 674 0.6 0. 682 45 0. 675

4 25 0.676 0.7 0. 604 50 0.674
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Tab.3 Optimal close law and transient calculation at rated head
F5 Ts/s Ts/s Yy T/s B £ P v Hy i/ M

1 5 20 0.7 50 0.393 0. 407 0.323 0.597 2.82
2 8 24 0.7 60 0.371 0.332 0. 301 0.537 4.16
3 10 30 0.7 80 0. 349 0.297 0.282 0. 498 4.63
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Tab.4 Comparison of unit close law before and after optimization

B Hypa/m Py max/ kN Proax/kN Hey min/m
Heteni etbsa PeAkri HeAesE Heteni fefbsa DAkl etesE Heteni fetbsa
Btk sk 0. 421 0.372 20. 69 19.03 850. 788 816. 596 —547. 636 -216. 138 0.44 3.39
I rokk 0.258 0. 244 20.20 17.70 644. 935 644. 935 —-337.628 —244. 836 -1.96 2.62
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