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A high-precision low-order intersection flow distribution model for
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Abstract: During extreme rainfall events, urban roads can function as surface runoff conduits when integrated
with drainage systems, providing a cost-effective flood mitigation solution. However, the lack of reliable
computational tools for modeling flow diversion at road intersections makes it challenging to accurately estimate
drainage flow, limiting broader application of this technique. This study focuses on T-shaped intersections in urban
road networks and conducts both hydraulic experiments and computational fluid dynamics (CFD) simulations

under three distinct downstream boundary conditions: free outflow, backwater at the main road end, and
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backwater at both road ends. Based on the obtained data, a high-precision, low order flow diversion model for
intersections is developed, with a calculation error basically within +15%. The proposed model provides a simple
and practical tool for engineering applications and can be seamlessly integrated into the widely used one-
dimensional urban hydrological model SWMM (storm water management model). This integration significantly
enhances the accuracy of flow distribution calculations at intersection nodes, enabling more precise design of the
large-scale road major drainage system.

Keywords: waterlogging prevention; extreme storm; road major drainage system; intersections; CFD
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Fig.1 Hydrodynamic setting up and numerical model
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Table 1 Independent variables design for hydrodynamic experiment
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Table 2 Independent variables design for hydrodynamic experiment
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Table 3 ANOVA coefficient table

E IR X
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EX P o 15
W 0.311 0.041 0.000
b 0.221 0.012 0.000
i -0.042 0.010 0.000
s -0.057 0.021 0.006
R 0.080 0.006 0.000
H -4.208 2.412 0.082
0 -28.434 8.902 0.002
Fr 0.022 0.016 0.168
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Table 4 Combinations under free flow boundary
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Fig.2 Multiple linear regression results under free outflow boundary
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Fig.3 Multiple nonlinear regression results under free outflow boundary
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Table 5 Model errors under free outflow boundary

Z ot ZotAE&ERNIE
P SHAH
NSE RMSE NSE RMSE
2 fib, i, s, R, H, Q) 0.781 0.090 0.897 0.06
4 fib. i, s, R, O, Fr) 0.801 0.080 0.894 0.06
5 fib, i, s, R, H) 0.861 0.060 0.934 0.04
6 fib. i, s, R, 0) -0.070 0.180 -2.610 0.32

22 ERMIBBAEZGTRES GEER
221 HHIAA I

R4l X 6 445 5 & B, 7E 5 TG0 AR PF T, 28 ST PN i b 2 I R 3R A G B R O A ) 8 X 0
2 S T ER T 9 ARK AR SO AR T 3 e 5 e K
X HE

X 4 s = . 14
L S LIl L S I ()

5 B R A A PR3, S S 80 B AT 0 R 9 A A5 B OC T 4 IE HE R Y TG 4 AR
R,=f(b, R, Wy, H, O, Fr), (15)

222 #HraEFREFESH
FE BB AT A AT o 8l th T R C 2036 3 1T Bk & 7, W00 i 43 Bl A SR F 205 41, 4 13 40
JRK T #5052 I %5 4l A0 192 20 — 4k CFD B AU BL LA o [ AR R 2.1.2 71 7 e b 3 6 =X (15) e s 40 |
A AT E A SR T H SRS (WK 6) W4 SR A 0 i e SPSS h b A7 B & P/ M, B 2 5 340 5 S
5 64l A 7 AR LA G 4 R ) U A
*6 TBETMRBLATHEENSHEAS

Table 6 Combinations under backwater at main road end boundary

P SR G M
1 Ab, R, W, H, Q, Fr) TR
2 fb, R, W, H, Q) AN
3 fib, R, W, H, Fr) e
4 fib, R, W, O, Fr) N E
5 fib, R, W, H) BE
6 fb, R, W, Q) T3
7 fib, R, W,, Fr) e
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Fig.4 Multiple linear regression results under backwater at main road end boundary
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Fig.5 Multiple nonlinear regression results under backwater at main road end boundary
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Table 7 Model errors under backwater at main road end boundary

Z ek A Z LALLM Il A
P45 SN E
NSE RMSE NSE RMSE
3 fb, R, W, H, Fr) 0.858 0.09 0.965 0.04
5 fib, R, W,, H) 0.889 0.07 0.923 0.06
6 fib, R, W,, Q) 0.834 0.08 0.959 0.04
7 fb, R, W, Fr) 0.748 0.11 0.826 0.09

23 FHMEBAEGTRES RER
231 AHmAeRR
522,01 i B TRFE A% 0F T it 2 43 Tl 52 o PR 2R G B 9 Ak — B0, 76 58 T BUK TG 2 00 T A % gl 3k i
FIRE 3¢ s X8 370 5 43 T LG R Y52 00, 2% 6T I 30 FRUK g JBE 0 3 6 40 TE LU R B SR 5 2 B R T K O 4 TBC
RIS R ALHE b R W, W,.Q H Fro ¥ZHOCENGHATEA 15806 TR 50 b R W ITC R4 7 72
R,=f(b, R, Wo, W\, H, Q, Fr), (17)
232 HaBEFREESMN
it T AYIE 6 A2 S W UG 2% 8 It i 43 BC 85080 3 267 20, A 45 24 27K T 33 6 S0 40 243
2 — 4t CFD BRI . et A7) h RN A A I TEA, B E 74 S (RS M5
B G 4 0 AE SPSS W AT W E AT L B S 241 SR 341 SR 4L B S AL SR el R TAERAS SR ER
i) 375 £ 43+ B o
*8 WHTRBLATHEENSHEAS

Table 8 Combinations under backwater at both road ends boundary

Fpio ZHMAE A
1 fib, R, W, W, H, Q, Fr) A
2 fb, R, W, W, H, Q) %
3 Ab, R, W, W, H, Fr) B3
4 fib, R, W, W, Q, Fr) b 3
5 fib, R, W, W, H) e
6 fb, R, W, W, Q) 3
7 fb, R, W, W, Fr) S

233 AREHRAEAEME

W P v AT T 267 LHBUR AT ELF BEALA G, LB BV Wiy 6 20 250 6 40 A # 214 I 2 4
Bt A 53 AL g E R B AT 2 o0 vk mUH R Zoe AR LR P I H L S uE S R 6 M’ 7 irs . AT LLE TR
WA AR i 2 A 2 AR ZR 1 [l A b B S A RS HRUORS BE S T 2 ou M IRl ) b 3

X452 6 ) NSE fil RMSE #1718 R BL( W3 9) 55 2 40 78 it 4 &5 7F 2 JuAE L vk [nl I Ak 31 /5 9 2 X NSE
70.939 .RMSE 7 0.06, 5K B fe 5 o F4 El  oifs TOUHE T A9 378 o 43 P 8 =K =X (18) T s

R,=0.076+0.46b+0.32W,R-0.61W,R+12.13RQ - 0.108b>+ 0.43bW,— 0.39b W, +
257W,0 - 170.5W,0Q+3.75bH — 80.440 +0.15R - 1 293HQ - 0.018bR, (18)
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Fig. 6 Multiple linear regression results under backwater at both road ends boundary
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Table 9 Model errors under backwater at both road ends boundary
. . 2 LA 0] ) Z e AR A 0l )
s e TN
NSE RMSE NSE RMSE
2 fib,R, W, W, H, Q) 0.759 0.12 0.939 0.06
3 fib,R, W, W, H, Fr) 0.812 0.10 0.921 0.07
4 fib,R, W, W, Q, Fr) 0.681 0.12 0.912 0.06
5 fib, R, W, W, H) 0.640 0.14 0.926 0.07
6 fib, R, W, W, Q) 0.699 0.12 0.932 0.06
7 Ab, R, W, W, Fr) 0.617 0.14 0.776 0.11
AN
3 % it

1) 58 208 30 58 ST 0 52 % ) = 4 3 e ORI R AT 1 R A R AE o ) At )RR Y O o 2 PG A AR R — AN
MR 3 AL T B AR I A AR K ST ST O A R AR S [ IR A T
95 5 B L 5 1 32 X H = 4R SRR R s AT S H

2) WL T Z etk AR A WA M RN e T O vk M L 2T, AR Gt [0 V3 BT 45 380 4 22 30 H i i e A 2 2
A R AR

3)E A i R B AR S ST 3 B T T G b, T B NI 0 G R s e AR R IE I
We K TR H )AL HA e o (RS BE 5 78 2 3 TRHE 10 S 2R A1, 58 ST 233 L T3 o 9 B8 L b, B 5 AR R,
BT W R v o, B L WK TR H L LI O 55 A B P 09 A S A R BORS BE A P PRI A SRR L, 4y
Uit A T8 B 8 R L b, e AR R, B T U R W, SRR Ui s E e B O, B B B KR H Y
A HA R m ORI, 3 5 26 0F T R IR 25 FE AR AE - 15%~+10% LLIN .
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