5 46 5 3 1] KR KR BE R 2026 4 5 H
Vol. 46 No. 3 Advances in Science and Technology of Water Resources May 2026

DOI; 10. 3880/j. issn. 1006 - 7647. 2026. 03. 015

KRB A i b d e 1 Be e e e Le st 2ok g
o PRI 5 )
o MEELE OBELKR R EXRL E-RL Y R
(LR RAFK AR LA BE 5 2. TLAR A HEACH A AL 5 3. VU358 Bz KR TR BIAL )

HWE. A ki,LXi{’b/u,]’_']‘—/ﬁﬁ*ﬁ‘-ﬁi/ﬁi}ii}iﬁtxfﬁﬂ(ﬁ#% Mg e AEFNBRIE 1A
ﬁ;aﬂfaéﬂlmmﬁ,%ﬂﬁm?f% S 2 30 JE A B @ A AL A Fo OpenFOAM = AR TR

T,I:"Fﬂ%zé#%&/&ifiiéiktﬁiﬁﬁm }J\K\_/luﬁbj]\mu oA BE AT KKK RIS AEAEK
REFTEN AR R BRI TR FRAFFRITT oM, SREWA  HIBEREME ZHA
LT HERBRIICIE K 2 AR R DGRk R R TR, BB R R A
0.837~1.464 Z B TAL; Fa#ih B R EBERERELIK AR ER K, LR LB E LA 55.07%~
72.67% , 3t BT JRIR B R ABR YL T K N H AR RBARS, Frakidid Rk 1, RIk
WA 12T T EARKBAR A, AESRK,FFERRAE T RILBMH R BAAE KA LR
FAHEE A 0.868~0.928,

REIR] . S 3T BRI L K D b ARCR Bk R4 BTN R AR A

Influence of bottom slope ratio of upstream and downstream connecting sections on hydraulic characteristics of
large interchange culverts//Cao Jia', Lin Qingwei', Wang Hui*, Chen Wu’, Tang Limo', Qu Yihan', Zeng Qing'
(1. College of Water Conservancy and Hydropower Engineering, Hohai University; 2. Jiangsu Huai-Shu Xinhe Management
Office; 3. Jiangsu Luoyun Management Division )

Abstract: To investigate the influence of the bottom slope ratio of the upstream and downstream connecting sections on the
hydraulic characteristics of large interchange culverts, the interchange culvert of the Binhai Hub of the Huaihe River Sea-
Entry Channel (Phase IT Project) was taken as the research object. A parametric study on the bottom slope ratio of the
upstream and downstream connecting sections was conducted using a 1 : 30 normal-section physical model and the
OpenFOAM three-dimensional numerical model. The hydraulic characteristics of the culvert under different flow rate and
water level conditions were analyzed in terms of flow capacity, velocity distribution, sectional energy, head loss, turbulent
kinetic energy, and turbulent dissipation rate. The results show that the total head loss coefficient of the culvert exhibits a
nonlinear variation pattern, first decreasing slowly and then increasing rapidly, with the increase of the bottom slope ratio of
the upstream and downstream connecting sections. The total head loss coefficient varies between 0. 837 and 1. 464. The
maximum hydraulic gradient of total head occurs at the downstream culvert inlet and its connecting section, where the head
loss accounts for 55.07% to 72. 67% of the total head loss, and this section is the most sensitive to changes in bottom
slope. Both excessively large and excessively small bottom slope ratios are prone to inducing unfavorable velocity patterns,
thereby affecting the flow capacity of the culvert. The scheme with a bottom slope ratio of 1 : 7 exhibits the minimum head
loss, the optimal flow pattern, and excellent and stable hydraulic performance under different flow rates, with its flow
coefficient ranging from 0. 868 to 0. 928.

Key words: interchange culvert; bottom slope ratio; hydraulic characteristics; head loss coefficient; the Binhai Hub of the
Huaihe River Sea-Entry Channel
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0.08 13.0 0. 101 0.237 0.061 0.144 0.223 0.525 0.384 0.905
0.07 15.0 0. 099 0.233 0. 062 0. 147 0.224 0.527 0.385 0.907
x4 KEERRERHERITLL
FEBT AR ()T DR i _WBAR i
/Bl pie ] /B Hep iy /Bl Hep iy
6 7000 0.360 0. 380 0. 120 0. 130 0.928 0.912 -1.72
11 6000 0.300 0.292 0. 090 0. 105 0. 894 0. 887 -0.78
12 5000 0.210 0.227 0.075 0. 060 0.872 0. 868 -0.46
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