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Research on ice transport evolution rules and safe operation measures of
ice water two phase flow canal
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Abstract: In view of the fact that there are many wide shallow canal projects that cannot transfer water under the ice cover in
winter in Xinjiang Autonomous Region and Qinghai Province, we studied the transport mechanism and operation regulation
techniques of ice water tw o phase flow. It has important significance to solving the problem of water shortage during winter in
these areas. Taking the drainage canal of a power station in northern Xinjiang Region as a case study, we constructed a one d1
mensional mechanicat mathematical model of canal ice and water to study the characteristics of ice transport and evolution. We
analyzed the influence of key thermodynamic factors on ice, including air t em perature, outhound water temperature, and w ater
transfer volume. Finally, we proposed some safe operation measures for ice water two phase flow canal. This study has some
reference value for realizing the safe hydraulic control of ice water two phase flow and solving the water shortage problem in
winter in the northwest of China.
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Fig.2 The measured data and the simulation results of the ice

thickness at the end of the canal
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Fig.4 Ice flow in front of each control gate,before the most

downstream bridge,and at the end of the canal
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Fig. 5 The relationship between ice flow and flow distance
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Fig. 6 Ice flow process at the end of the canal in different typical years
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Fig.7 The relationship between daily air temperature and

average maximum ice flow
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Fig. 8 The influence of water intake temperature on the

maximum ice flow rate of the canal
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Fig.9 Ice flow process at the canal end section

under different water flow rates
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Fig. 10 Icewater volume ratio at the canal end

section under different water flow rates

KFITIEMR  » 149



F 16 % B E 98 H1- mAALE S AR A& 2018 F£ 10 A

BIMERR, N5 06 m*/s. 1B /NGB UK K
RN 11 9% , KT KRR # 7 2% »

SR, FiK i & I R A T oK s K —
SE I ARTTRZ A, /N B 7K B8 5 5250 B2 T, /)N
e I UK KR R B AR BOR, (H2 K & 261 N I
UKz I AARFREE K. R ik, FK IR & AN [R] B
R 5 i P BRI, Heh I 52 e %) T IR 5
UKHIZAT B 50 A Ko

SEBR b, i AU B AN [R] i v ok 8 7K 77 8 i 4
L B B R &, RImE S5 T, K0 1 4L
AR R YA K, TRl 2T i oK RE 77 BEOK, B A
Ko GOk E. BIX S, SR VKK Z AR AR
7K HOIRAE MR AT BE SR OV B W fRi K T, BAER
UEUK 24

3

(1) SEIOK 7K AR L 22 4 Sk 0% B 2 DR UE YR
YA BRI UK BE 5 W SR T ) R U IR B, 5 i
WAL | B e VLI I SR 5T T vk R 7,
BUK BEIRE R KT IRIE K 2. L R E (R
SEIRL TOAHIG A B BT, i A T R 3G, I 1T [
TROK DA B 388 DR KA AN 208 T i A2 i Rt Dk 2 ik
UL 2, DK i B ARRE LR 2 e P S R . Bk
MFE S TS0 o A% (14 3ok /K BT TR e 2 1 ek oK R A
XTRNAL B, P DAL T H K TR R BOM S 1
ST TR DK 75 2 3 ) T T o AF
BTt X ERE TR 5, BES 57+ 9751 16 55818
M HE5 58+ 400 (1) 4 5 715 il [#135) /2& UK 3 75 2 5 0
BB [T o

(2) #5 PRUK RETE JRIE 2k 2o 4 ilid, ok vk i
T IR HH I AE TR T R T I, IX LGB TR 0K T
P SRS A i A A HRUK R R HEK A B HE
UKBE IR EE KT SR T8 I 4K B8 77, [R) B 3 22 2% fe
VKB REZK &, DAARAIE st R FL A 55 AN B2

(3) AT FITREE SR H3E B 17K B B 50 %2 km,
M TR K FE R K TR, KRN, Bt
P KPR ) BRI TS %o T e 2 UK R ok
Fo ] LMK R ZEOK, A8 45 K 2 UK iR
AR ITt, ok IR B R UK e, IO JRIE &
SSIT UK FRIETS 2 ORI ), 6T 22 T2 (1 B oK
TEHA AT RIR KR B I 2. AR TR S, B4
KR EN TOm’ /s 4, MBUKIEEHO C
BINE 1. 0 CHY, Y VKR 21 HS. 82 m’/ s
PEZ 4. 34 m’/s, M HIKEIWERKT L 0 m'/s IR
Y4694 12 275 km o

* 150 = KFITEHR

(4) SN a/K IR FE ST FT A R A ) R 1R
7N, R )25 F P 7 0T S UK I8 AT 1 5 e AN
Ko B SN A/ St e mT 38 K KO SR K BT
T, B AU IR E VK BE ). X T A B 5] K
PB4 B sl FEm) R0k 25k i, BT
ATRE R PG WL K HLIEAT .

(5) ARG b SUIW 46 P4V BRA OB 2
KZEI) AR B DL, (E 2 Y08 P A8 1A B0 B KUK Bg
MRS AFREAME EF M. Fr AR R0
R BRAS, 5 TIN5 B UK KA I, 5
U 7 o AR it R WP 2% TAE RO, SR ST AT
PRI &, — 20 CRIRAKAMF T, 18 i KoKk i & ]
%4 83m'/s. FHIELELZ RSB T- 20 CTH)
L, VKB SR K5 K, R SRR T- 20 C,
T ELIGIN R WEATIE S R TR RUKRE A AR IR,
T UKo B TAE

(6) XT38 TAZIM S, Mrs i 06k T oK 1)
PLE oM L A . VKoK AR IR — ER A
UK EZE W R F UK 28, T LB TH K
Ik, BN IR S SR UK SRR S IR T TR UK RE 12
[FJfR S B R &R, A2 W e VKK MR I IR T %2 A UK
B8, 24 5 VKoK — RV B 7K 5 ) BT 5T
(FEE £

( References):

[1] RS, MROC, SRR, &5, il 2 XU T8 0 UK 5 A 7K KUK 17
FEHIRTTE[ T . K R 3], 2013, 4( 9): 1071-1079. (MU X P,
CHEN W X, GUO X C, et al. Study on long distance water
transfer channel with thermal insulation cover in winter[ J].
Journal of Hydraulic Engineering, 2013, 44(9): 107F 1079. (in
Chinese)) DOI: 10. 13243/ j. cnki. slxb. 2013. 09. 016.

[2] MARTIN J,BERNARD T. Mitigation of elevated river freeze
up levels by revised Flow regulation[ C]. CGU HS Committee
on River Ice Processes and the Environment 15th Work shop on
River Ice St. John s, Newfoundland and L abrador, 2009: 15 17.

[3]  BUskside, BEas, w2k B i K TRE DK a5 R
[J]. KRS TR, 2010(3): 46-49. (A DA L T, HOU J,
YU S S. Study and prospect of ice damage prevention andcorr
trolin Xinjiing s water conveyance projects| J]. Journal of Water
Resources and Architectural Engineering, 2010(3) : 46 49. (in Chr
nese) ). DOL: 10.3969/ j.issn. 1672 1144. 2010.03. 013.

[4] MATOUSEK V. Types of ice run and conditions for their for
mation][ A]. IAHR Ice Symp, 1984, 1: 315 327.

[5] OATERKAMP T E.Frazil ice formation: a review[J]. Journal
of the Hydraulics Division, 1978, (4): 1239 1255.

[6] OMSTEDTA. M odeling frazil ice and grease ice in the upper
layers of the ocean[J]. Cold Regions Science and Technology,
1985, 11( 1): 8798. DOI: 10. 1016/ 50165 232x(98) 0001} 1.

[71 LAL A M,SHEN H T. Mathematical model for river ice



BHEEE kA HREERKRBETNERALABTHERR
processes| J]. Journal of Hydraulic Engineering, 1991, 117(7): effect of temperature variation| J]. Journal of Tianjin U niver
851-867. DO1: 10. 1061/ (asce) 0733-9429( 1991) 117: 7(851) . sity. 2010, 43( 6): 515522, (in Chinese)) DOI: 10. 3969/ j.

[8] HAMMAR L, SHEN H T. Frazl evolution in channels[J]. issn. 0493-2137. 2010. 06. 009.

Journal of Hydraulic Research, 1995, 33(3): 29+ 306. DOT: 10. [14] CEEEF, SR, Hhh, 2274 X R K BE 5 5] /K 2 5B vk
1080/ 00221689509498572. Bt J]. KR K HAR, 2011, 42( 3): 3840. (JIANG Z Y,
[9] SHENH T,WANG D S. Under cover transport and accu mula- HONG Y D, XIE K. Antifreezing design of along distance dr
tion of frazil granules[J]. Journal of Hydraulic Engineering, version type hydropower station in cold region[ J]. Water Re
1995, 120(2) : 184 194. DOI: 10. 1061/ (asce) 0733 9429( 1995) sources and Hydropower Engineering,2011, 42(3): 38 40. (in

121: 2(184) . Chineqe)) DOI: 10. 13928/ j. enki. wrahe. 2011. 03. 013.
[10] OIS FET, TE IR, 5. 0T KA KIEE W& E T 5 [15] HE FERELATFREEMAKR BIBATIRI] . LTS,
B AR B SRR RR) , 2003, 43( 5): 702-705. 2013, 39(32):215216. (LOU Z X. Concerning on the opera
(WU JI,MAO Z Y, WANG AI M, et al. Numerical simula- tion practiceof long distance water delivery and pow er genera
tion of frazil ice evolut ion in rivers[ J]. Journal of T singhua tion of the canal in winter|[ J]. Shanxi Architecture, 2013, 39
U niversity( Science and T echnology) , 2003, 43 (5): 702-705. (32): 215216. (in Chinese)) DOI: 10. 13719/j. cnki. cnl4

(in Chinese)) DOI:10.16511/j. cnki. ghdxx b. 2003. 05. 033. 1279/ . 2013. 32. 120.

[11]  ZFEE, Wir, EEFR, 55 I TG 0 A b A8 4t 11— i r ke 2 [16]  SRIEA. & & AT HF R A 51 KUK S B3 M R
[J]. KB &, 2008, 19( 2): 214223. (MAO Z Y, XU X, [J]. H1F 7K, 2010, 32(4): 18+ 183. (ZHANG Y J. Solution
WANG Al M, et al. 2D numerical model for riverice proces approach ice and snow and ice blocking water in Youth Drair
ses based upon body fitted coordinate| J]. Advances in W ater age of Urumgi[ J]. Ground W ater2010, 32(4): 18+ 183. (in
Scien ce, 2008, 19( 2) : 214 223. (in Chinese)) DOI: 10. 3321/]. Chinese) ) DOIL: 10. 3969/ j. issn. 1004 1184. 2010. 04. 078.
issn: 100F 6791. 2008. 02. 010. [17] SHENH T,WANGD S, WASANTHA LAL A M.Numerr

[12]  FZE ALH, fkEl. vKas UKL BObL 1 BE HLS 0B ). &8 cal simulation of river ice processes[ J]. Journal of Cold Re
Tl K2 230 SRR AR, 2008, 31(2) : 19F195. ( WANG J, gions Engineering, ASCE, 1995, 9 (3): 107 118. DOI: 10.
NI J,ZHANG C. Simulation of random movement of ice parti 1061/ ( as ce) 0887- 381x( 1995) 9: 3( 107) .
cles under ice cover|[ J]. Journal of Hefei University of T eclr [18] EDWARD P. FOLTYN, HUNG TAO SHEN, et al. St. Law-
nology(Natural Science) , 2008, 31(2) : 19F 195. (in Chinese) ) rence River freeze up forecast[ J]. Journal of Waterway, Port,
DOI: 10. 3969/ j. issn. 1003 5060. 2008. 02. 008. Coastal, and Ocean E ngineering, 1986, 112( 4) : 467481. DOL:

[13]  FBes, BIEED, 9555, 4. % AR 28 b B M 51 7K 5 18 7k 10. 1061/ ( asce) 0733 950x( 1986) 112: 4( 467) .
VKA A AL J] . R K 3523, 2010, 43(6): 515 522, [19] ASHTON G D. Deterioration of floating ice cover[ J]. Journal
(WANG X L,ZHOU Z Y,JIANG Z Y, et al. Numerical simu of Energy Resources Technology, 1985(107):177-182. DOL
lation of frazil ice evolution in diversion channel considering 10. 1115/1. 3231173.

(LE#E% 143 M)

[10]  Z=okh, 25 kg, K TOIR (8 T T AR BAR B RS e I8e SOBEHK & [12] SL 74- 2013 ZKFI/K f TRE 4RI ] B FE[ S]. (SL 74—
TR 5 22 4 50 A T . 7K J1k HL2E 4R, 2007( 3): 6976. (LI H 2013 Design code for steel gate in water resources and hydro-
K, LIAN J J. Joint prediction and safety analysis of the flow- power projects| S]. (in Chinese))
induced vibration of hydraulic radial gate using phy sical and [13] TASSO S.Spillway Gate Vibration on Arkansas River Dams
num erical model[J]. Journal of Hydroelectric Engineering. [J]. Journal of the Hydraulics Division, ASCE, 1972,98(1):
2007(3): 69-76. (in Chinese)) DOL: 10. 3969/ j. issn. 1003 219-238.

1243. 2007. 03. 014. [14] PERTRIKAT K. Vibration tests on weirs and bottom gates

[11] R SCHE, M, WRAK, S5 25 18 ) S0 M 2802 1 IO 1 1 IR R [J]. Water Power, 1958: 2 4.

BB YIRS T 5 2240 M ] . RKAL IR 5 KRR, [15]  ZKRIK e bR R 5 v K AR B, R AL Bt oF0F 78 B

2014, 12(2): 4+45. (PAN W X, YANG M, CHEN L, et al.
Joint prediction and safety analysis of the flow-induced vibra-
tion of radial gate through physical and numerical simulations
considering effects of the pier[ J]. Soutlrto North Water
Transfers and Water Science & T echnology, 2014, 12( 02):
4145. (in Chinese)) DOI: 10. 13476/ . enki. nsbdgk. 2014.

02.010.

AR TR, MR S R S BT VEI M ] . AR AR
K2 R, 1996. (Information network of water resources
and hydropower discharge project and high speed flow, Instr
tute of Northeastern investigation, design & research. De
struction and prevention of the discharge structure [ M ].
Chengdu: Chengdu University of Science &
Press, 1996. (in Chinese))

Technology

KFITIEME  » 151





