518 % 55 4 7K AL I 5 K R B Crp g S0 Vol.18 No. 4
2020 4 8 H South-to-North Water Transfers and Water Science &. Technology Aug. 2020

DOI:10.13476/j. cnki. nsbdgk . 2020. 0087

X El . G, B, BRI Rz A7 U0 ). BKAE A 5K AL (h3E 30, 2020, 18(4) : 195-201. LIU M K, GUAN H,
HUANG M H. Operation mode of canal system in freezing period[ ]]. South-to-North Water Transfers and Water Science &
Technology, 2020,18(4) :195-201. (in Chinese)

HEHPRRAEZITAR
CETAES US LiF S

(1. RIEHE 2 3R, TN 4300815 2. K YT RMERE , 7 430010)

BE N RIBA UG UKEE A Z AR AR AV (8 R R (i 22 55 2 U e b 7E 0 Alas 47 07 Uik
FEI5 1 DA B R R BB AT I K PR IE RS B /N » U LB AT AR BRI [ 1T 9R 4 S it SE R A A7 07 U P g s
BRI MR BRI IR 1777 2 Ui 7 2 UG 0 A5 A B 3 IO AR PR KA Al 22 < 7K i o 7 P 9 i K
S 0 VA TR A b P B AR TR W K /N AL T B i B AR L AR 2 98 /N IE 506 i KL T AR 24
6. 520 . RWE 177 AU AT A T AE45 5 AL BRI ARG 2 AR/ PR FE UKL o PR S A7 B VR SR W A Rl
e KLY 2 AR ABUETT

KRR K TR s UK 5 184775 25 K EE s XU B 2

RESHES. TV XEEREE:A  FFNREECAERS)HREE(0SID):

Operation mode of canal system in freezing period

LIU Mengkai' , GUAN Hui' , HUANG Minghai®
(1. School of Management ,Wuhan University of Science and Technology ,Wuhan 430081,China;
2. Changjiang River Scientific Research Institute ,Wuhan 430010,China)
Abstract: In order to study the relationship between the operation mode of the system and the ice jam, the parameters such as
flow rate, Froude number, and water level deviation are taken as indexes. In terms of the selection of conventional operation
mode, it is considered that the risk of ice jam caused by the operation of the upstream constant water level is the least, the
adjustment and control of the gate during the operation of the downstream constant water level is timely, and the equal vol-
ume operation mode is moderate. When the frozen canal pool is frozen, the operation mode of the canal pool is changed from
the downstream constant water level to the equal volume, resulting in the water level deviation of the canal system. The
maximum velocity and the Froude number in the hydraulic response process are smaller than those in the downstream con-
stant water level. The water level deviation in the upstream under simulated conditions decreases by nearly 50% and the maxi-
mum velocity decreases by approximately 6. 5% , respectively. This indicates that switching operation mode is more conducive to
maintaining the stability of the canal system during freezing and reducing the risk of an ice jam. Therefore, it is recommended
that the frozen canal pool be switched from the downstream constant water level to the equal volume operation during the frozen
period.

Key words: water diversion project;ice age water transport;operation mode;ice jam;risk prevention and control

s HEA:2019-08-04 f&E/ HER:2019-12-20 X £& 4 R B i8] : 2020-01-09

P 2% H ARt Ak - http: //kns. cnki. net/kems/detail /13, 1334, TV. 20200109. 1240. 002. html

BE&WA: EFE A RPEFE4 (51779196551309015)

PEE B A - XFEIL1984—) I b ML B2z 4 EMNF TR MY . E-mail: mengkailiu@wust. edu. cn

St L&A o 195 ¢



F18% F AW wmACKREGAMBHLFEI) 2020 4 8 A

R KA PR 2 TR AT 3R KT 432 km (B R
B iR 155 k), 4t g 206 AT, 64 )37 il
LESUURERES b SRRy PR SLE LA LRSS Sl
St o PRI LR A ZR B AT I Y
AR B AR AT S R A P 2 4
] P A 5 TR U i B R K AL R TR
T AT T 2016 4F 1 A 23 H AR H oK IE, K EE
PRISEE 1. 5~2. 3 . Ji [l i1 il i) 22 6 O 0 A
L K295 900 m,

UKFEIEAR B VR UK T 1T KA URAEHERL FE %6 T
PG 7K BT T » 368 A WK L ZE e LA . T L
B UKIER T B WER vKAETE VK S /T N S 1E
T8 2K T 25T A WE BRI T 1 k4B 2 K
FEVRB PR AT LU ] 1 ORAE TR 1o RV AT 42
il PR IE AR A 7= A SRR/ o

Il PALAIMH G 5 3 AR 3 G vk B T T 545 b
FURTH R IR T A 8 Rs b . 8 A/
TR SRR B A FE 5 Y8 T4
— RS e AR AR Z T B EIE A S R s
R M SR AR BRI FE 5 R3Ok VKR 7
JEIPKZE . X T UK FETE Bl 5L 2% Kivisild- 1A
Al FAEAEHELAE 0. 06~0. 1 A4k INER] AR
i S AR 0. 09 AR VKIHIE 1T &
TET o PR SC2F 2500 1 U2 T ALK AL S B 3 0. 6 m/s
VER KB K B K J1 3 il F8 AR 2 — » BOSCHISR il
Ao SRORDOLIN i 245 S L 90 4% o) DB T P 2 R V<<
0. 40 m/s, FFFAE BT UE V<<0. 35 m/s, LifF
P Fr <<0. 065, R Fr <<0. 055,

TCAE AR BRIl 2 R PSR AR 1 /N R
B KRB KA R R E R R . K Als
TR . RN RKOLI N 2 3R R iat 775 3K
USG9 R e B = Wl A ) S VANS S S SR M
RO L3 FPIBAT I R 2 S Al s 1 ]
A2 R A 3L WLIE 1. BRI S L 3 Fhis AT 5 X
INPES R Q7SR E Mk W B [ PN |
e WAL 5 M PO S B A B 2 R iR ag i
NS I FEIR R A TRIB T R
Wi AR TIFEFR/INT DR EE™ Az M S 26 A T 08/ NKFETE J
IR o

TEIRE R VKT /KB AT 4 07 T U 58
RS a3 s T A LI AR DR R K L
HRER DI Ol 25 KT L 3t R i e AR (2 5 sl 2E
AT T T 5347 s AR A AR B A VI B AT TR &
KA ik b $2 T oK U] e K R R ORIt s B [ I
U XA AR AT B R A K R T UK A

+ 196 « #Am b5 KA

TR [ AL SR T B G s R A
FIHIER R vk WK s AT P R 48 7 T e 425l o
PRI B Rk S K e s B JF ARSE D BIE 58 T T
TS R K K T P 07 vk - St T 7EWIIR AR I A
FERE W R VK 36 O I 7K 0 26 5 X T 4120 o R
FE T K TREVK I i 7K RE 0 A0 oK 3 B 12 1 i 5 X
LA AN KA B BE A B 2R 7K 3R R R AT T
ST IR T RN K T e R R R T i

A )

5,:5 — i F

b Erihme]

= T S BRE) omiRhEs

Bl BTAXTER
Fig. 1~ Sketch of operation mode
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Fig. 2 Sketch of the controlled canal system
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Fig. 4 Sketch map of Beijing-Shijiazhuang section
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Fig. 5 Effect of operation made on frozen index
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Fig. 6 Thoughts on operation control of canal system
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e iR et

TR e - - - -
i N (K] 141 EHKl 1% KKl IR 18 K H)

LA TR, R

B9 HEREMHITREMBRKNIERSTEE

Fig. 9 Hpydraulic index contrast in stable stage caused by freezing

Sda L&A o 199 o



F18% F 4 #AHEG ARAFHCFEO

2020 4 8 H

3.2 AKRAgFAEL

FEF RPN B, IR R ARSI RS T W5 KB 1T
RNy S5 R RRE 175 20 L A 7K g o 17 2o A A
PZE 5 DL 10,11, Hovb K AV A 22 J2 46 R4 S i oK
P W h A e KA I R K BT (iR
IKAOEREAG . 25 IR N R K LIS 1T 1 R b 13
IKAEDE BlERe R, R E 3 U b ) T8 0 )N o 4%
Mo 1 K IR TGRSR L S 13 b R R K A 25 24
23 em, FIEKA KA ZE LR —9 cm; JH PRI
T I Ry 25 AR S B3t 13 F5e KK ASE Al 22 A Ay

12 em. R F KA B R 22 29 — 12 em (HESF Ui
IKAZA—9 em i B EL/IN s HBFRRS b i HAB SR Y
SN T 7 1 K A2/ s DI A1 J3E S 3Rt 13 4% 1B
TIE KA Bl i v » SR ARIE 47 J5 25 B I T
BRI T U K /0 WL 12 355K 11 1
KA RS 13 B AR AR L Bl L2 8 km
[l 0. 4 m/s P 25 A o TR A5 AR R H
Bz, . B BIKIER B LR T IRt 3 vk i
T H o SR R IR U 48 S5 (AR X DA S XU 9 47
WA,

ik X - -
[T ] e
[ - i 4
TN L S i k T
A !
t ARl = 1 b LA LL R
ol .-|||-.l =l ;-.rl | | =HinLid
= | o T
— P e e T i o
e 1y
S [TH] 1 3] & el hIRA T 37 i g c
1 5 i L 1]
v b ML o b
B 10 THEKLEBEITER
Fig. 10 Operation results of downstream constant water level
114
——— oo *|'___."_ ______
=y | L e |||-r _-;:‘.'I_-h“. Ko
é' | = T g | = WL
E ihirs | | oo 1: = "-"J'| I| - I: -:El |
= ' —dm ~ | — LAk 11
|
Bkl 1] i ] BTy & i ] ) ] 1y 3l
ARTRR | Pl
& WMl Ll ) NS
B 11 {ImAEFERISITER
Fig. 11 Equal volume operation result
a5 e BTSRRI R RS
. R P N § s o o . o
N S , ~ St 1705 3 TR KA Y R SR FUZ 1T X 7K ZE X
£ st — Wz I A B M) o 25 SRR WY < Faa A 0 e P A AR
=) | = [ . IR y T
_:T i “|:| i —\—\._ '_-_._ E4Tﬁitﬂ%%%f§F%ffﬁﬁk%%ﬁﬁ%ﬂﬁ‘@%ﬁlEﬂI]IJ?JI]
= a0 s \ P S s 5 B s AT o Nl K AL TR B R
K LIEL k] ull H o NVSRN N N N
e T e s R K 025 UK SRR e

12 7k 7y m iz i 72 Hp 2% B T B KR i
Fig. 12 Maximum flow velocity of each section in the

process of hydraulic response
Ay
4 & it

ARSCR FPBAEAE AU T 35 » LA /K AL IR i 4R A
SR B R TR s AT B BLE A

+ 200 « Hm LKA

IR R » o UK FE UG Bl 2 5 AT A
S &3k
CU] el AT - 8 T L &5, K BE RS IR R vk 1 B 3 ik

IR ST L) . K244 . 2013, 44(9) : 1080-1086.
DOI. 10. 13243/j. enki. slxb. 2013, 09. 017.

(2] #EIT A7 a . BOCHI. SR BE B IR /K TR A FR ik



FZA % HAHERRETT A

(3]
[4]

[5]

[6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

Vi F A KA ALY ). B KA R 5K R RN 2019, 17
(1): 144-149. DOI: 10. 13476/j. cnki. nsbdqk. 2019.
0020.
SL 59—2015. Jal it vk WL RS S .
KIVISILD H R. Hydrodynamic analysis of ice floods
[C]//Proc. , 8th IAHR Congress, Delft, The Nether-
lands, 1959.
INVEY]. HETERHLIX K ST A JRLT . /IR T
M R 2E 2R CA SRR 5 1990, 13(4) : 97-105.
BR324, R 22 R —420, 55 r K AL TR R TR BT
e R o7 X5 LT ). Bk bR 5ok FI R 2009,
7(6):8-12,41. DOI: 10. 3969/j. issn. 1672-1683. 2009.
06. 003.
BoeNl L S E A4, 46, KB B RUK B IR A R K
VKNGS S PR LT ). BKAL IR 5K R RHE 2016,
14(6): 96-104. DOI: 10. 13476/j. cnki. nshdqgk. 2016.
06. 017.
EENSMES R MAERX B BBEARLATF
WM. & 7 S a3 B2 L i3 bt TP DK RIIK
F, R 2004,
B, B K TR R 2 vk AR vk % 4 A LT ). Tl r
KA KL 2014(11) £ 51-52.
P L. K LR K S K R RO S A5 LT ). Tt
JKFI K oL AR 2002 (2) : 41-42. DOL: 10. 19733/j.
cnki. 1672-9900. 2002, 02. 034.
SR A TTAR AT 45, m K AL IR 4 TR A Zek
TRV 0 BOE B AL LT . 7K R 22 4k, 2011, 42 (11D
1268-1276. DOI: 10. 13243/j. cnki. slxb. 2011. 11.
007.
A =il £, 45, pa kAL T T 2R 5t B vk
KA 5T L], B K AL S5k AR, 2015, 13
(1):168-172. DOL: 10. 13476/j. cnki. nshdqk. 2015.
01. 038.
XWEEZE, e A8 » X5, ma K AL TR h 4T 3R vk BT Aa 7K
VKNS S BT B vk F PG S R LT . KR 2E 5 TRER,
2015(3)+ 26-28. DOI:; 10. 19733/j. cnki. 1672-9900.
2015. 03. 010.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

TEREMG  BRoCa: A 8. . K B /K R E k2 17
R L) . m kAL 5K I FHL L 2010, 8(1) : 8-
13. DOI:10. 3969/ j. issn. 1672-1683. 2010. 01. 003.
TEREMG BRS04, 5. me K AL R o 2 T/ vk
AKAFEBFFELT . KA 24, 2011, 42(11) - 1295-1301.
DOI:10. 13243/j. enki. slxb. 2011. 11. 019.
TEHEMG , WRSC, 88, 5. m KL 2R TR vk A i
JKEEIBIEFE LT ). m KL I8 5 K R B, 2009, 7 (6)
118-122. DOI: 10. 3969/ j. issn. 1672-1683. 2009. 06.
028.

WFEAR, T SOBE 5. FE KL IR h 2R UK i K &
VR BEIATLT ] F KL S K AR, 2011, 9(2) : 1-
4,8. DOI: 10. 3724/ SP. J. 1201..2011. 02001.

BT, AL K AR vk i K RE 0 5 oK B 4
WEFE D] K H: K H K A%, 2011, DOL 10. 7666/d.
D285926.

AR » S L, L il P A J5E DK 5 R 38 ) B A A 1
SmroEL) 1 mE KA S K R, 2012, 10(3) 1 4-6,
26. DOI:10. 3724/ SP. J. 1201. 2012. 03004.

AT R AE L, . IS K 55 B R R B K AR T
ML) ] mE KA 5 KRR 2012, 10(4) : 7-9, 13,
DOI. 10. 3724/SP. ]J. 1201. 2012. 04007.

LIU M K,FENG X B,WANG C D, et al. Regulating a
long-distance canal system with floating ice cover in
the winter[ ] ]. Journal of Cold Regions Engineering,
2015,29(1) :4014009. 1-4014009. 22.

XL e, FACAE, 2 25 s K B IR R 40K
SHARR I R LT AR h B KA 4 (B A B
RO, 2011, 39 (7): 99-103. DOI; 10. 13245/j. hust.
2011. 07. 023.

Xl 500 A, S B AT IR B 3 ROk
FIm AR T LT ). B KL IR 5k FIBH, 2018, 16
(1): 151-157. DOI: 10. 13476/j. cnki. nshdgk.
20180023.

PR B, mAk Y. UK B 5 255 Manning g 3¢
(1] BB 22 3] CT2EfRD + 2002, 35 (4) ; 1-8. DO,
10. 3969/j. issn, 1671-8844. 2002. 04. 001.

Sda L&A o 201 ¢





