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4 3 Tab.3 System power plants parameters MW
S
° 1 3.00 —3.00 3.40 0.10
8 o 2 3.00 —3.00 3.00 0.10 1
s y R 3 3.00 —3.00 2.70 0.10 2
9 k:k+1’ k<kmax’ ; L
3 N 3 S
GCElval
b Y Y
\Olin] 0 i
. , . HR2h v :
4 — XEBIG2
igg
4.1
2
IEEE 9
’ Fig.2 Structure diagram of cascaded hydropower plants
b 1 b
4
1.2, ,
Tab.4 Hydropower plants parameters 10'm?®
6], . .
Vl:}m V“A]zxx meu V}']x]xd D “}m D max
3, C 2,
1 80 150 100 120 ) 15
' ’ 2 60 120 80 100 6 15
4~17,
5
OH— 1o ' .
| [ [ Tab.5 Hydropower generation coefficients
2 3
9 5 1 C2 C3 Cy C5 C6
4 1 —0.004 2 —0.42 0.030 0.90 10.0 —50
1
2 —0.004 0 —0.30 0.015 1.14 9.5 —70
1 IEEE9 6
Fig.1 Power grid topology Structure of IEEE-9 bus Tab.6 Cascaded hydropower plants interval runoff

1 IEEEY
Tab.1

Bus parameters of IEEE-9 bus system p.u.

1 1.0 0 0 0 0 0 L1 09
2 1.0 0 0 0 PV 1.63 0 1.1 0.9
3 1.0 0 0 0 PV 085 0 L1 0.9
4 1.0 0 0 PQ 0 0 L1 09
5 1.0 0 0.90 0.30 PQ 0 0 L1 0.9
6 .0 0 0 0o PQ 0 0 L1 0.9
7 1.0 0 1.00 0.35 PQ 0 0 L1 09
8 1.0 0 0 0o PQ 0 0 L1 0.9
9 1.0 0 1.25 0.50 PQ 0 0 L1 0.9
2
Tab.2 Branch data of IEEE-9 bus system p.u
1 4 0 0.057 6 0 0
4 5 0.017 0 0.092 0 0 0.079 0
5 6 0.039 0 0.170 0 0 0.179 0
3 6 0 0.058 6 0 0
6 7 0.011 9 0.100 8 0 0.104 5
7 8 0.008 5 0.072 0 0 0.074 5
8 2 0 0.062 5 0 0
8 9 0.032 0 0.161 0 0 0.153 0
9 ! 0.010 0 0.085 0 0 0.088 0

104 m3
1 2 1 2
1 10 8 13 11 8
2 9 8 14 12 9
3 8 9 15 11 9
4 7 9 16 10 8
5 6 8 17 9 7
6 7 7 18 8 6
7 8 6 19 7 7
8 9 7 20 6 8
9 10 8 21 7 9
10 11 9 22 8 9
11 12 9 23 9 8
12 10 8 24 10 8

7
Tab.7 Fuel cost coefficients of thermal plants

a b ¢ d e

100 2.42 0.0012 160 0.038

4.2
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, 2.06
2.04
50, 1 000, 10 2.02
® 2.00 fi o .
8, & ok —o ERIS BEEDA
8 0 — SCHRITBHEA
18 897.04 o
8 (Sg =100 MW)
Tab.8 Optimal discharges and thermal power
generations (S, =100 MW) 0 200 400 600 800 1000
ERREUR
/10*m? /p.u. 3
D D P P P./p.u. Fig.3 Convergence curves of thermal cost
1 6.396 15.000 0.617 0.886 1.654
’
2 9.126 14.123 0.871 0.815 1.663
3 5.000 13.987 0.531 0.775 1.669
4 14.560 15.000 1.010 0.790 0.947
5 5.000 11.340 0.522 0.732 1.592 5
6 10.77 15.000 0.879 0.834 1.667
7 7.779 13.099 0.777 0.841 2.482 a
8 13.691 15.000 0.947 0.867 2.482
b
9 5.000 15.000 0.502 0.885 3.289
’
10 5.000 15.000 0.5154 0.897 3.223 s
11 5.000 14.055 0.529 0.926 3.266 s
12 6.695 15.000 0.738 0.948 3.308
13 5.000 15.000 0.543 0.935 3.288 b ,
14 11.651 15.000 0.971 0.922 2.484
15 9.600 15.000 0.859 0.932 2.488
16 11.410 15.000 0.965 0.925 2.623
17 12.329 15.000 1.006 0.954 2.517 [1] R y s
18 5.000  15.000  0.546  0.961 3.303 Ly ,2011,26
19 10.200  15.000  0.907  0.973 2.670 (3):407-412.
2 11402 15.000 0.957 0.999 2.508 [2] Sasikala J, Ramaswamy M. Optimal Gamma Based
B Fixed Head Hydrothermal Scheduling Using Gentic
21 5.000 15.000 0.543 0.987 2.344
Algorithm [ J]. Expert Systems with Applications,
22 5.000 15.000 0.545 1.010 2.099
2010,37(4) :3 352-3 357.
23 10.170 15.000 0.898 1.038 1.653 . .
° [3] Helseth A,Gjelsvik A,Mo B, et al. A Model for Op-
24 5.055 15.000 0.552 1.027 1.813 timal Scheduling of Hydro Thermal Systems Inclu-
8 , ding Pumped-storage and Wind Power[ J |.IET Gen-
, eration, Transmission and Distribution, 2013, 7
(12):1 426-1 434.
b
4 s
0.008 7 p.u., [4] ’ ’
0. ,2017,35
b o
(1):200-204.
[5] . . ,
3
’ . ,
2003,23(4) ;5-8,
° 3 ’ 1 000 [6] Orero S O.Irving M R. A Genetic Algorithm Modeling

Framework and Solution Technique for Short-term Op-
timal Hydrothermal Scheduling[ J].IEEE Transactions
on Power Systems,1998,13(2) :501-518.
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Study on Protection and Pump-stopping Water Hammer Calculation of

Water Supply Project for Xin’an Pump Station
WANG Li,WU Jian-hua, YANG De-ming, GAO Jie, LIU Ya-ming
(College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Taking the pump-stopping water hammer of water supply project in Xin”an pump station as an example,
numerical simulation was used to calculate the pressure fluctuation of the pipeline under the parallel operation of four units
in the pump station. It is found that at the pump-stopping water hammer under the parallel operation of the four units,
the positive and negative pressure of the pipe and the maximum reverse rotation speed of the pump do not meet the re-
quirements of the pump station. Three kinds of protective measures., such as installing the two-stage liquid-controlled but-
terfly valve, increasing the intake and exhaust valves and increasing the unit moment of inertia, were put forward to en-
sure the safe operation of water supply system. Numerical simulation calculation was carried out. The results show that
when only two-stage pilot butterfly valve is installed, the maximum positive pressure of the pipeline and the maximum re-
verse rotation speed of the pump can meet the specifications, but the negative pressure of the pipeline still does not meet
the standard requirements. On this basis, increasing 10% unit inertia can effectively improve the pipeline positive and
negative pressure problems and the maximum reverse rotation speed, and Xin’an pump station can be safe operation.

Key words: Xin’an pump station; water supply project; pump-stopping water hammer calculation; protection
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Short-term Optimal Hydro-thermal Scheduling Problem Considering Power Grid
CHEN Qian' ,ZHANG Wen-tao' ,CHEN Bo' ,WEI Jun',SUN Xu-jiang®,
ZHANG Junquan’ ,ZHANG Jing-rui’

(1. State Grid Sichuan Economic Research Institute, Chengdu 610041, China; 2. Jicheng Electronics Corporation, Jinan
250100, China; 3. Department of Instrumental &. Electrical Engineering, Xiamen University, Xiamen 361005, China)

Abstract: In order to improve the executive feasibility of generation scheduling, a mathematical model formulation of
short-term hydrothermal scheduling was proposed by considering the impact of power grid, which the power flow of
transmission network was introduced to the traditional optimal hydrothermal scheduling. This model aimed at minimizing
the total fuel cost of thermal generating units while satisfying the various constraints, such as generation characteristic,
complex relationship of cascaded hydropower, transmission network and power limit, and system operation. A modified
particle swarm optimization (PSO) was introduced to solve the model. In the proposed PSO, an operation of migration
and an inertia weight decreasing strategy were presented. Moreover, five constraint handling rules were proposed to re-
spond to the complexity constraints of the problem. A test of typical hydrothermal system and IEEE 9-bus system was
applied to verify the proposed model and algorithm. The results show that the proposed approach is suitable for solving
short-term scheduling problem with complex constraints.

Key words: hydrothermal power system; short-term scheduling; PSO; optimal power flow



