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Quasi-theoretical End-depth—Discharge Relationship Based on the Pressure Distribution at the End of Free
Overfall for Rough Rectangle Channels
LI Naiwenl’z, HUANG Yanchunz, CHENXiaopan3, LI Longguoz, LIU Chao"*"

(1.State Key Lab. of Hydraulics and Mountain River Eng., Sichuan Univ., Chengdu 610065, China;
2.College of Water Resource & Hydropower, Sichuan Univ., Chengdu 610065, China;
3.Henan Tianchi Pumped Storage Power Co., Ltd., Nanyang 473000, China)

Abstract: Flow measurement is an important means for irrigation, efficient allocation of water resources and water diversion management. In the
open channel, the overfall is usually applied as a facility connecting the upstream and downstream. When the overfall is not affected by the flow
of downstream, the overfall is classified as a free one, which can be used as a discharge measurement by a single measurement of depth at the end
of the channel. At this condition, the flow pattern changes from a subcritical flow into a supercritical one, and the pressure distribution in the end

section deviates greatly from the hydrostatic pressure distribution with a skewed shape, which is the key to derive the discharge formula by en-
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ergy equation and momentum equation. In this study, the characteristics of sectional pressure distribution of free overfall in a rectangular open
channel were studied by model test and numerical calculation, and then the water depth-flow relationship formula of open channel with free over-
fall was established. It was found that the pressure of the end section was conformed to the self-similar distribution law, as the distribution of di-
mensionless pressure values tended to be the same curve, in which the maximum value was 0.238%, (here s, was water depth of end section) and it
occurred at 0.209/, distancing from the end fall. The above findings are independent of the flow discharge, bottom slope and side wall roughness.
Based on these findings, a simple formula combining a power function and wake function was proposed to describe the pressure distribution at the
end section. Then using the momentum equation and continuity equation, a quasi-theoretical end-depth—discharge relationship was proposed. With
the known end depth, bed slope and Manning’s coefficient, the discharge could be direct solved by the proposed equations. The proposed equa-
tion was valid over the entire practical ranges of 0=5~100 L/s, S=0.011 2~0.053 4, n=0.093 0~0.019 3, and they showed excellent agreement
with the available experimental data in this paper and from others, with the precision of +5%. The proposed formula for discharge is a useful com-
putational tool for estimation of discharge in rough bed rectangular open channels. The results of this paper provide theoretical and technical sup-
ports for the open channel discharge measurement using free over flow, which is important to the application of free overfall as a discharge meas-
ure device.

Key words: rectangular channel; free overfall; pressure distribution; end-depth—discharge relationship; flow measurement

(W%E K I})

L i i S R S S S i S i S S S i i S S S i G i SHE JHE b S b i S S S S S S S i S S S S S e S S 4
5| A #& 2\ :Li Naiwen,Huang Yanchun,Chen Xiaopan,et al.Quasi-theoretical end-depth—discharge relationship based on the
pressure distribution at the end of free overfall for rough rectangle channels[J].Advanced Engineering Sciences,2024,56(1):
218-227.[4 )R, BT Wi/ NEE Al BE TR 1 AL 3 A ) B SR K R i O R R[] TR R 5 4R, 2024,56(1):
218-227.]

Ll R SR S IR R R R R S S R R R R R SR S S R S S R R S R R IR R R R IR U S S S S R R S R S 4

> > > o> o
> > o °> -



	1 跌坎水深−流量关系理论分析
	2 跌坎断面e−e压力分布特征
	3 跌坎水深−流量关系方程推求与应用
	3.1 陡坡渠道
	3.2 缓坡或平坡渠道

	4 结　论
	参考文献

