BALE R M
2023495

Koo e

Water Resources and Power

Vol. 41 No. 9
Sep. 2023

S S

DOI:10. 20040/ j. cnki. 1000-7709. 2023. 20221889

T SPH 77 % BV id i 7k it S {E = L

AR KEL L AR E £
(1 Ak FUK A3 K P82 . T KM 4500465 2. LG BHEC IR AR/ 7). 35 200131)

FE: A mARARME, A TARETARRD A FZHESPH) AR F kT T R, THELTH
FHAEEAH . S n=4dn,=2 0  TELEDERGFALG BRI BB, SANVKEXE/FTREFTFZ . AHT
ERMLANKEX A 3 m S LG RIUANKRBEX , TH Y L#E AT Fad, grhal 2357 EmA
Bk ETHEDCHHAER EMTIRKAABRAERBE A, EREAW. etz LR
BRI R KRR K 127. 4 kPa, 5 7 s Bl A XA b B @ -F 3 7ik A 7. 07 m/s,19 s B 7 71 b A5 5 7 @ - 3 0
B NF 1.4 m/s, T SPH ikt sl id RAk ERALASTHLERL,

KR RBEFARG A FF E; DR F AR HAABM

FESES: TV135.2 XEkFRER: A

1 35l

][

33 ) K 3 K IR ) %2 4 F s 18 AT B BB Y
W] o S6F 35k 1) 7K 3T B4 43 e 0T 5 2 Aff 4 K ) TR 4
SIB AT LI K R BR K L A & B RS 1
SR L RSO T L 9 S AR S T JRUR
S FERE, B SE T D K U WA A AR ) RN I g
HUEE , {E3E LR AT e 1K 1 280, 1B R 56
7 T B 2 2 ek ST K S AR A L B g T
SN LIPS = ol N1 S VAN L B I - e NP S
Fr o (A 3 AT A T B AR A R, FLRSEAL T 8 A X
B— . SPH J5 kAR —Fh JC I A% (B 400 %
FE 53 AT K R AR I e e A 45k EL AT B B A, EL
TR AT A BhA 2 A A R RS A A
W%, GINGOLD R A %" SPH J5 i I T it
WK FEALIL A, 45 A A AR 8 L TE I T % ik
fifp R 3L A ) A £ R T T I A AR A Y R
COLAGROSSI A 257 % JE 75 F i 5L 5 B 4 5% ,
5 K G vh g R B A R S R 45 RS H Aok
it 7 5 R AR B — Bk s SR A A A S T
TUTE AU K HRE AR B AR T I K ek
WA, B S R SPH Jy iR X i
PR A0 AT AR B I 85 R . Dyt AR SR T SPH
Db T 9O T3k ) 7K 3 1802 SR A, 3645

W E: 2022-09-11. 8B HH#: 2022-10-19
EE£WMB: HEAKRFBEIELTH (51679091

XEHE: 1000-7709(2023)09-0197-05

T G IS TR
2 SPHEZXEE

21 SPHEAXFE
1A A5

<f(1,‘)>:Jgf(lf/)W(l‘—l‘/,h)dl‘/ (D

A, £ AR E B o B R o AR AR
L h I KE.

AR RS i |1 Gl
N
S =2 2o dWa, —x, b)) ()
j=1 J

KA m, NRLTj TR o, WELT ;7 B
N ATERL SRR N R S8
22 ANIthE

Jafig e SPH B 1% 7 A8 40 vp 1) A ) LR 5 1)
R R I BN TR EE A 5

J *angus% "‘ﬂﬂ?fj
I, =-< o

G << 0
; 0 (3)
tO v, =0
h;v;x; - 1
Hrp Q. = | x,j \2/7ng02 5C 4 :?(c, +c¢;)

05 =Co, +0,)/2sh, =Ch, +h)/2 4
K, o IRBURE IR 1.8 2475 By N T K

TEHEB N k@ H 979 B+ 4% S 05 1 K T.458 T# , E-mail : zjweicil @126. com



. 198 - KoHOH

=3
B

2023 4F

JEEAA T, FF B 1k i S i E i A S L B
1050, ANTHIERNF,0=0.1h,;;c HFEH;v
Ry R
23 FEIEME

K BRI N AR ERLT | B o M

N
o= m, W, )
ji=1

Koo, Hi KEFR BT W, FRF i Z 3k F
7R O R
24 hRLE

FH T K AR - 75 [ BE 341 540 T R 1 IR 3
FBING I B X I R AT A, A SCOR T HE
Jr J4a gt i B AT b B O35 HE R 2 A
) FESHEHAT T HFRE

B P/ EN As e B2 ERS STl VP TAR: 3 Aw ol 1 B
B H 0 BE R i i 25 K AORE - — AN HE T g, AT
fdE AR AL 5 77— S T ] B4 B B e A R
IKARRL T 132 20 J5 1], A H: 5 2l 3] 300 BE Fff T A
SIF B RE

HEF® T3 45 05 0 8% O A T N7 2 BE KL X 7K
PRk F W HER 1 7 AR, 2 LIU M B %1
2002 AR BOHER 1 Py, Jr R D

ro\ " ro\"| xy ro
JD {(,) - (7) } (;Kl

o
| : ()=

(6)
K. D RS ro IR WK IR 2
IK AR 55 i1 BE R 22 ) 14 B S 3% E R Ak
s ry MRLTj MR FRLT i EEE s ny o, 3R
SR LIU M B R T 81 2% b
Iennard-Jones K 2% 28 nyon, N IEE R
12.4,

O LB E 0y o, B E N 12,
A W TR RN E . B 23 W P 0 BE B Ok ) R
FRA., H 28 0, oo, 478K
JE N 2.4.6.8.10.12 % 6 FlIE B XA [R]1E B0
TRHEER T TR, HPS38 D &%
L BRAR AR g BE R 0.5, 2l Py (BB
TR~ A5 A pR S, LA 1,

L 1AL B0 W 4 B P (B
KF B -, BRI RAG/N .Y 0, =40, =2 B,
ATk )N 370 B B O O AR AR 2, W) B SRE R AF b AR IR
IKARRLF AN 23 28 3B T RE

M, 7eg s SPH & e iR S48 n, BN
LB 8o, WEN 2,

PB.
ij

6000

3 wn,=1
* 4000
§ 2 C)
= [y
& 2000
0 0

0.1 0.2 0.3 0.4 0.2 0.3 0.4
r,/m r,/m

(ayn=2

(0
W —

R

RSV ES

0.45

B 1

HRNSHERES T

Sensitivity analysis of repulsive force parameters
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Fig.2 Dam-break water level model diagram
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Fig.3 The results of simulation calculation are

compared with those of reference [10]
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Fig. 4 Free liquid face ratio graph

F2 oA MW LA ER, Bk 2
UL AR S IR AR 2R L
91. 706 MEAULE IR R B0 T 1% A58 2 ) o A
[el B SPH A AR 8L K L B 5 3 6 il Uk B iy
EA B BLRCR

®2 HHBEMBEME

Tab.2 Free surface similarity

AR B S o LK L O U R R TR T
ANTRVAN KRR ) K 3 Fb KRR A IR
B2V
A =(q,/q,) X 100% (7
Kr,q, AT FFALANAKIE B #h K S 5 g
S92 T AL AN KA Y o [ 7K i T o
R T 358 1 A [ IF LI 2K b ok A5 Y
HARRCR LR 3, MRIER 3 0 e R K LA K
PE AT MK AN KRR A 25,48 % .
F3 HkEE

Tab.3 Water replenishment efficiency
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Fig.5 Normal storage water level model diagram
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Tab. 4 Key calculation parameter
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Fig. 6 Flow velocity diagram and pressure diagram
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Fig.7 Variation diagram of velocity vector with time
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Fig. 8 Variation diagram of average velocity of cross
section x =61 m and x =65 m with time
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Numerical Simulation of Flow Through Sluice Based on SPH Method
ZHANG Jian-wei' ,ZHANG Fu-hong' ,CHEN Hai-zhou® .ZHU Pan'

(1. School of Water Resources, North China University of Water Resources and Electric Power, Zhengzhou
450046, China; 2. Shanghai Daodun Technology Co. . Ltd. , Shanghai 200131, China)
Abstract: Aiming at the problem of sluice flow. based on the smooth particle hydrodynamics method (SPH) . the

DEM model for fluid-structure interaction problems

with free-surface flow and structural failure[]].

boundary treatment method was improved, and the main parameters of repulsion force were re-calibrated, which can a-
void non-physical oscillation with n, =4 and 7, =2. At the same time, the comparison and selection of water replenish-
ment modes were carried out, and it was clear that the bottom hole water replenishment mode with 3 m elevation differ-
ence in the optimal water replenishment mode can reduce the net outflow of particles from the upstream water body. On
this basis, the numerical model of the flow through the gate impacting the stilling pool downstream was established, and
the process of the flow from the sluice to the stilling pool was simulated. The results show that at the initial time, the
maximum pressure at the bottom of the upstream water is 127. 4 kPa; At the 7th second, the average velocity at the right
end of the stilling pool is 7. 07 m/s, at the 19th second, the average velocity at the right end of the stilling pool decreases
to 1.4 m/s. Thus. the SPH method can accurately simulate the changes of flow velocity, pressure and flow pattern in the
discharge process.
Key words: smooth particle hydrodynamics; boundary treatment; sluice flow; numerical simulation
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Frequency Regulation Control Strategy of New Power System

Based on Adjustable-speed Pumped Storage Unit
CHENG Xin-yu, WANG Dan,MAO Cheng-xiong
(State Key Laboratory of Advanced Electromagnetic Engineering and Technology, Huazhong University
of Science and Technology, Wuhan 430074, China)

Abstract: In order to solve the frequency safety problem caused by the large-scale access of renewable energy, adjust-
able-speed pumped storage unit (ASPSU) was involved in frequency regulation of new power system. Firstly, the AGC
frequency regulation stability of ASPSU was analyzed through the root locus method. Then, the evaluation scheme of unit
power command response performance was designed to measure the rapidity and accuracy of output of ASPSU. And on
this basis. the active power dynamic optimization allocation strategy based on the rate of change of frequency (ROCOF)
was proposed. The new energy disturbance was simulated in the LFC model of a two-area interconnected power system to
verify the effectiveness of proposed strategy. The results show that the proposed active power dynamic optimization allo-
cation strategy can give full play to the frequency regulation advantage of ASPSU, effectively prevent frequency ex-
ceedance and maintain the frequency stability of power system.

Key words: adjustable-speed pumped storage unit; power system frequency; frequency regulation control strategy;

rate of change of frequency; active power allocation





