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Fig.2 Pipe flow measurement methods and definitions
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Table 1 Experimental condition table
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Fig. 3 Experimental feasibility verification
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Fig. 4 Changes in upstream water level, pipe flow rate and flow pattern of i = 1%, qi“/(gDS)l/2 =1.7and S =—1

*2 BEHYREIRAMKIAEH

Table 2 Hydrodynamic characteristics of free outflow under various conditions
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1.1 KB o Fe B A B 2.0 R 0.8 6 500
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1 1.7 2.4 & 2.5 1.3 3.0 bR 1.1 9 600
2.0 2.4 & 2.5 1.3 3.6 bR 1.2 10 800

22 2.4 & 2.5 1.3 42 bR 13 11 700

1.1 & ENEN ESTE AL 2.0 R 0.8 6 500

1.4 x 2.6 34 1.3 2.5 TS R 1.0 8 100

2 1.7 J 2.6 3.4 1.3 3.0 A IR 1.1 9 600
2.0 J 2.6 3.4 1.3 3.5 bR 1.3 11 200

22 J 26 34 1.3 4.1 bR 1.4 12 400

1.1 & ENEEY SR ESE 2.0 F HI R T 0.8 6 500

1.4 & ENEN ESTE R 24 2 I 1.1 8700
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2.0 Jx 2.7 R 13 33 A IR 1.4 12 100
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Table 3 Changes in Vand Q. of pipes under high downstream water level without channel flow and waves

s [(=Vo) ! Vol % [(QpeakCpeak(0)) / Cpeao)l/ %
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Sox=0  Spx=05  Sp=1  Spu= 1.5 Spa=2 Spx=0  Spx=05  Sp=1  Sp=1.5  Sp=2

1.1 0 -1.7 -22 -94 -203 0 -13 -26 -16.1 -292

1.4 0 -08 -29 -10.0 -20.1 0 -12 -6.6 -16.0 -277

1 1.7 0 -14 -37 -9.6 -18.0 0 -2.6 -6.0 -13.3 -23.0
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22 0 -15 —-43 -8.7 -13.6 0 -13 -4.6 -8.6 -14.7
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22 0 0.5 3.4 1.1 -12 0 0 53 22 -1.8
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Fig. 5 Pipe drainage obstruction caused by high downstream water level (i = 1%, ¢;,/(gD")'"” = 1.1, Spax = 2)

YFWERK(1=2%. 5%)WEE, HENRSER BB TRS T MR, THEER SR> B IEKA
%, MEARHEAKSGE, WTTIHIHEAK . B0, 2% 3% 43 q,/(eD))” N 1.1 A1 2.2 B9 2 R0 Tk, 45 3 kK A B A
WA 1 37 it A1) e K I R 43 00 T 38 13.19% A1 16.1% SR X T HAYAE TS 0 T80, T HC/E F X480 3 7= A T e e ik s
T RBOR X 2% FI 5% 3 B A TE 4 HE K A R0 A IR 0 R AR T 3 i AT GA 3.9% . 3.2% FT 18.7% . 44.9%.
X A HE RN A 2 A A, e i o TG AR A A TOUFE R 2 N O U AR . AR i = 2%
gi/(@D)? =14, Spo = L T T (B 6) , % KW 30 & 115 T04C B 7 4 24 ol s w5 T DUAC B 71 . 24
Ti<t<T, B, &8 W 0L B EAT 3 A LR mAEE IS, WE6(c)im. X—HEMMERZE
oL Fir XA TR B, (4 T O R AR R, XA KR E g, MR A EHEK . B TR i =5%.
Gind@D) " = 1.1 1 S0 <0 5 Sy = 1.5 T B0 ARG TR BEXT 1L, AT LA HAE = T %) F 3 TG T 00 A9 45 18 2
TUFA HET ., 5 A U T OO LA A A AR I AR, AR TRAE AR S B R i O R
1%, R Tk 3 T AR R R A R, A HE KO o PR A5 DA AR

300 e o 2.
551 T SEm=2) S(8,0x<0)
E 20t
T1sl
= 1.0
}.L . -
405
0 |
—05 - L & ! T, T, i
024 6 81012141618 20 0 2 4 6 8101214161820 — ‘ — )
t/min t/min —
(a) EIE LRI KA AL (b) EEE () T\<t<T, I S=1 TLHLETE th D AR b (R IF AL ED)
6 TUHERHEFEHEK SR (L i = 2% . qi/(gD")” = 14, Spu = 1 TBL K05
Fig. 6 Suction effect on the pipe drainage caused by high downstream water level (i = 2%, g;,/(gD”)"” = 1.4, Sypx = 1)
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Fig. 7 Increase in pipe flow area caused by high downstream water level (i = 5%, qm/(gDS)”2 =1.1, Spax = 1.5)
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Exploring hydraulic dynamics between the urban stormwater pipe and the downstream

river based on experiment tests”
ZHENG Zixuan' , ZHENG Feifei' , TANG Hongwu’ , ZHANG Huiming’, WANG Yiran' , YUAN Saiyu’

(1. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China; 2. Key Laboratory of Hydrologic-cycle and
Hydrodynamic System of Ministry of Water Resources, Hohai University, Nanjing 210098, China)

Abstract: High water level in the downstream can be a key factor that influences the drainage capacity of the stormwater
pipe. This can form the hydraulic jacking that can substantially affect the operation and prevention of urban flooding.
However, there is a lack of understanding on the hydrodynamic mechanism of such an interacting process. To this end, a set
of physical experimental tests were conducted on a tank-pipe-channel laboratory system. The results obtained show that
downstream jacking at the early stage (under non-full flow conditions) can enhance pipe flow capacity up to 18.7% as a result
of suction effect and the increased flow area. This is followed by a significant block on the drainage capacity of the pipe due
to the excessive jacking with a maximum flow reduction about 20.3%. In addition, the flow in the downstream river can
facilitate the pipe drainage under the jacking conditions, and such an effect can be stronger as the river flow velocity
increases. For such scenarios, experiment tests show that the maximum increase of total pipe drainage and peak flow can
reach 4.6% and 8.5% respectively. These findings significantly improve the understanding on the hydrodynamic mechanism
between high downstream water level and the pipe drainage process, which can offer important scientific guidance for the
regulation of urban river networks and the design of drainage pipe systems.

Key words: stormwater pipe connected to the river; urban flooding risk; top support function; hydraulic dynamics;

pipe drainage capacity
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