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Study on the flow characteristics around the tandem composite piers under ice cover

GAO Pengcheng'>, MOU Xianyou’, CHANG Lei’, SHANG Zhiqgiang', SU Haitao', JIANG Hairong"
JI Honglan’ , LUO Hongchun®
(1. Inner Mongolia Institute of Water Resources Research, Hohhot 010051, China;
2. College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;
3. Inner Mongolia Autonomous Region Surveying and Mapping Geographic Information Center, Hohhot 010010, China;
4. Arukolqin Banner Emergency Management Bureaw, Chifeng 025550, China)

Abstract: To reveal the distribution characteristics and intrinsic law of the flow field near the bridge pier in water under the action of
ice cover flow, the spatial distribution and transient change characteristics of the flow field around the combined bridge pier under the
conditions of clear water and ice cover scouring were investigated by applying indoor high-precision three-dimensional measurement
techniques. The test results show that the distribution of longitudinal flow velocity along the vertical line at the section away from the
bridge pier was parabolic under the ice cover flow condition, and the flow velocity in the middle and lower part was larger than that in
the upper part, indicating that the ice cover roughness will change the vertical distribution of flow velocity and reduce the original
thalweg position of the water flow section. The existence of ice-cover will weaken the frequency of the first and third quadrant burst
events, while the second and fourth quadrant burst events will be strengthened. The vertical distribution of sudden events in all four
quadrants shows a wandering pattern and the turbulence intensity of the water body was strengthened after the ice layer was covered,
which is the key factor to promote the saltation of sediment particles.
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Fig.5 Vertical distribution of longitudinal flow velocity in open channel at each cross-section
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Fig. 6 Vertical distribution of longitudinal velocity of smooth ice-covered flow across each cross section
HITE 6 R, DG DK IR R AT, 2% T AT 228 2 MBS Ab A 1o 3 o 9 T 22 ) A 1 SR 208 | EL b T i i
AR, 2 DK o o AR A R ) LR A AR i Y W i R A £ AR T PR TR i A T )
PRTAT A BT TRD a il PR B 8 S R, ORI ) B SR 7K O — B, S e i S TR A DX, Ui B ok 2
oAl 1R PR I 5 b BB I b o D\ a3 L W TR d e i, 2 PR DA S R] DX A Y
BIBR S B AT HE K G55 o AR VKRR AA DG UK 25 1F T i oA i A — 2 SRR B 1 40 A 2
St R FEHR s UK WAL, (AR 2 e 1) 4347 2 BUROW B A LR, AR R —2,



5513 rlERE 45 VKT B AL B B S s 75

2.2 ZROH

B BRI K A 1% ey 38 R VD A 8 B IR 425 3800 it Yk i 5 )23 R /K 8 Bl 88 DDA G XY /KR Ak T 28 R A
F, e A R G BRI A R A 0] A 77 TS DR M T B i Ak B, 2 TR I 9B A
MRS SIHLE], XK R G, A 12 BOR G BR k20 X 45 8 i A R adk A7 58
58, IAE T AR G g SCT FLIS(Hole ) 3l i BI{E S50 M S FLIRURUEE (4 280U 24 il iy X3 Wi e &

R FEHMERBR,

G R AT I 2 DN R 22 2 LA 1] ik sh ikl (")
] K I (0" ) SRS N A 1T AR AR R P, T w0 A IE TR
W RFN R 4 DRI (B 7)) BAZ R BT S IR & S
fAIFR R Q 4, FH Q1~Q4 /R, T —Z MR (Q1 FHk) fss
SRMRCQ3 F ) s Ah iy a2 BAE RIS, B R B
(Q2 ) A MU R (Q4 F i) 430l it FHE A, Q1
B Q2 i o % A 5 AL iR UEFE L Q3 B Q4 Ak
V1) I % AR o AT R R A sl P DR Ot A i 4 3 S E Y

TR 7

PPPPPP PP PP IPPrrr
Q2 (W)

uw<0, w>0

Lk AW ST

Q1 (ShisgH.)

u'>0, w>0

Q3 (NMZLH.)

<0, w<0

Srrrrr s

fLIR

=V

Q4 (FH#0)

u'>0, w<0

iy

prrrr s

SR X BUR K i = she B R Ik B Y
R E AR R A AR AE AR AR SR T P A EELR A
1 B(K ) , 433 T I0ET 0. 9D AR H#EUS 0. 9D g4k 18

B7 KREGTEE

Fig.7 Schematic diagram of quadrant events
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Fig. 10 Quadrant analysis of sudden events at different gauges around open-channel flow piers
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Fig. 12 Contributions of sudden events to Reynolds stresses from different gauge lines around open-channel flow piers
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Fig. 13 Quadrant analysis of burst events at different gauges around ice-covered flow piers
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