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MODEf, STUDY OF THE SAN.HO REGULATOR 7

Hydraulic Model Study of the San-Ho Regixlator on Flood Channel
of the Huai River to the Yangtze
Abstract

A. Project conducted for: Huai River Commission,

B. Investigators: Experiments conducfed by M. S, Chen and L. S. Wu under the
direction of N. A. Van den Heuvel and P. T, Tan.

C. Purpose: To determine scouring action and flow characteristics below apron
thus devising corrective measures or improvements which may be indicated
and to investigate the coefficient of discharge, loss of head, as well as the
relation between gate opening and upstream water stage of the regulator.

D. Outline and Results:

The San-Ho Regulator is located in the inlet of flood channel which leads
from the Hung-Tze Lake to the Yangtze through a series of lakes of Pao-Ying,
Kao-Yiu and Shao-Po asshown in Fig. 1, P. 2. The other flood channel of the Huai
River to Yellow Sea passes through Yangchung where the Yangchung Regulator
was built, ‘These two channels are proposed to discharge flood flow simultaneously
for the primary purpose of floqd control on the Huai River which is of vital
importance to the livelihood in the area of North Kiangsu, South Shantung, East
Honan, and North Anhwei. Plans for irrigation and navigation in this area are
also included in this project. The flood channel to the Yangtze is designed to pass
a max. flow of 9,000 c. m.s. which is six times as great as that in the flood
channel to Yellow Sea. In case of simultaneous uprising of the Huai and the
Yangtze, the max. discharge in the flood channel to the Yangtze should be limited
to 6,000 c. m. s. so as to avoid the flood damage along the lower Yangtze region.
‘The San-Ho Regulator thus serves to conirol both water stages of the Hung-Tze
Lake and the discharge in flood channel to the Yangtze.

‘The controling structure consists of 60 Stoney gates, each 10 m. wide and 5.5
m. high, and 59 piers of 2.5 m. wide, - The total length including two abutments-
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is about 300 m.

The general purpose of the model study vwas to investigate the shape of pier,
coefticient of discharge, the size, shape and location of sills, -the length of stone
pavement below apron and the erosion in the downstream river channel. The
modcl test was started in Sept. 1936, and completed in March, 1937. Parallel to
model study,’construction work was bheing carried on by the Huai Riven Commi-
ssion. As soon as experimental results were obtained, the Commission was imme-
diately informed to for reference in its construction work. The important results
of the model study are summerized as follows:

A 1:50-scale model, reproducing a part of the problem area including left
abutment and the first earth isle as shown in Fig. 4,5, and Photograph 2, was
constructed with movable bed composed of coal powder. By critical velocity
tests, the coal powder of which the size varies from 0.2 to 2 mm. in diameter
was dynamically similar to the bed material in prototype channel. Photographs
1 to 4 show the model and its equipments.

The first object of investigation was bed erosion test downstream from the
Regulator, Five series were tested for the protection of bed erosion.  (a) The
conditions are that the max. discharge in flood channel 1o the Ya'ngtze River is
9,000 c. m. s., when the water stage of the Hung-Tze Lake resches +13, 50 m, -
ahove the abandoned Yellow River datum, and the full opening of the Stoney
gates is 5,5 m, with normal tajilwater depth in the flood channel, Under these
conditions the experimental results showed that a considerable size of roller formed
near the sbutment causing serious bed erosion measured 3,50 m, deepin the
vicinity of apron (Photograph 5. By improving the shape of abutment, as shown
in Fig. 9, the roller no longer existed, and the bed erosion near apron could be
comipletely avoided. (Photo. 7 and 10).  (b) The size, shape, and location of sill
were investigated under thé conditions of maximum discharge of 9,000 c. m. s., the
max. water stage of Hungtze Lake of 417,00, and the gate opening being 2.30-
2.40m. with normal depth, Without sill, the shooting current scoured the bed to a
maximum depth of 6.0 m. as shown in Photo.15. By several tests the installation
of small dental sills of 0,5 m. high (sill No. 4, Fig. 10} between piers, and the large
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‘rectangular sills, each 0.5 m. high and 1.25 m. wide at the end of apron indicate;i
that the max. bed erosion was reducad t‘romt6.0 m. to 3,5 m. as shown in Photo.
21 and 18.  (c) In case of simultaneous uprising of the Huai and the Yangtze,
the max. discharge was then limited to 6,000 ¢. m. s, and the gate opening was
reduced to 1,5 m. with the upstream stage of Hung-Tze Lake of +17.00 m. and
downstream stage of +11.75m. In this case the max. bed erosion without No. 4
small sills was 4.5 m. in depth as shown in Photo. 24. Erosion was reduced to 3.0
m, in depth with the insertion of No. 4 small sills (Photo. 25). (d) During the
storage period of the Hungtze Lake, Stoney gates are closed and the downstream
channel bed may be completely dry. When gates are suddenly opened to 0.4 m.

+ high with a discharge of 1500 c. m. s. and upstream stage of + 15.00 m, this
condition is worsest for bed erosion. Stone pavement below apron with 1:5 slope
was necessary as indicated by experiments to avoid erosion as shown in Fig. 12
and Photo. 32. (e) The possibility of removing by natural forces of currents the
earth isles remained in the chanrel for saving excavation labor of earth work was
also investigated. The earth isles in model were made of coal powder which were
held in position with cloth strips to assume same slope of 1:1 as in prototype.
When the discharge was gradually increased to 1,200 ¢, m. s. with normal water

" depth of 6.24 m., coal particles of isles were moved by the current. The tendency
showed that.even natural cohesive soil in prototype channel is likely to be moved
by flowing current with water depth of 6,24 m.

Other details concerning tes,ts are summerized in Table 1,

The second object of model test was to determine the loss of head and the
coefficient of discharge of the regulator. The loss of head AH and coefficient of
discharge p were calculated from the equations on page 37 by using the measuring
values of discharge and stage. Sets of Eqdal-dischqrge curves and equal-coeffi-
cient curves were plotted with loss of head as abscissa and upstream water stage
as ardinate as shown in Fig. 13, )

The third cbject of test was the determination of the relation between gate
opening, discharge, and ‘upstream water stage. Thesc tests were conducted for
three different tailwater depths based on calculation with channel roughness n =
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b,0220, 0,0225, and 0,0250, respectively, experimental data were plotted in Fig.
21, 22, and 23 with upstream water stage as ordinate and gate opening as abscissa.
The charts are used as a guide to set the gate opening which controls the
discharge from the Hungtze Lake to the Yangtze,

In conclusion, the shape of pier used for San-Ho Regulator was adopted as
that of the Yangchung Regulator. With full gate opening a considerable size of
roller formed below the regulator in the vicinity of the abutment and the max,
bed erosion was found to be 3,5 m. near apron. By improving the si-mpe of ‘abut-
ment, the roller was eliminated and bed erosion near apron may be completely
avoided. When the gatesare partially opened to pass a flow of 6,000 c. m. s. at
high stages of the Hungtze Lake, the underflowing current causes serious bed -
erosion in downstream bed. The bed erosion may be reduced 50% by installing
the small dental sills between piers and the large rectangular sills at the end of
apron. When the Stoney gates are suddenly opened and the downstream channel
is completely dry, the stone-pavement with 1:5 slope of 20 m. long was necessary
to protect from erosion as shown in Fig. 12. The coefficient of discharge of the
regulator was alsc determined by experiments ®nd plotted in Fig. 13. The rela-
tions between discharge, gate opening, and upstream water stage are also plotted.
in Fig. 20, 21,and 22.  Earth isles remained in downstream channel are Yikely to
be removed by the flowing water as indicated by experiments.



NATIONAL HYDRAULIC RESEARCH INSTITUTE

RESEARCH BULLETIN
HYDRAUL.IC MODEL STUDIES

BOARD OF EDITORS

CHENG, CHAO-CHING
TAN. PAO-TAL

YAO: CHO-CHIH
JAUNG, GOA-GAN
YU, SHIH-YU.
CHIANG, PENG-NIEN
YEN, CHING-HAI
LEE. PAC-CHIEN
WU, CHIH-CHENG
MAO. CHANG-SHI
CHEN, TZE'SHIA
‘CHEN. KAO-LING
CHANG. KENG-HSU
CHEN, HUNG-TE
KING, TAFLAI
CHIAC, WEN-SHENG
YEN, KANG-TSUNG
CHEN, TZONG-CHIH -

Chief Bditor
Asxiil.tant‘ Chief Editor
Editor

Editor

Editor

Editor

Editor

Editor
Associate Editor
Associate Editor
Associfﬂe E;i_itar

Associate Editor

" Associate lgditar

Assistant Editor
Assistant Editor
Asxfetant Editor
Assistant Editor

Asgistant Editor



NATIONAL HYDRAULIC RESEARCH INSTITUTE

RESEARCH BULLETIN

SERIES 4 : HYDRAULIC MODEL STUDIES NO. 2

MODEL. STUDY
OF
THE SAN-HO-REGULATOR

PUBLISHED BY

CHAO-CHING CHENG

COMMISSIONER

OF THE NATIONAL HYDRAULIC RESEARCH INSTITUTE

NANKING, CHINA
MAY 1948



	目录
	一 导言
	二 试验之资料
	三 工程计画及试验项目
	甲 工程计画概要
	乙 举办试验时工程进行情形
	丙 需要试验之各项问题
	四 模型之设计及制造
	甲 试验之设备
	乙 模型比例率之决定
	丙 模型砂砾之选择
	丁 模型之制造
	五 试验之进行及其结果
	甲 河床冲刷试验
	1 试验之目的
	2 试验之经过及其结果
	试验第一组——坝座形状之研究
	试验第二组——消力槛形状，位置及尺寸之研究
	试验第三组——中流量时消力槛之研究
	试验第四组——小流量时消力槛及河床铺石之研究
	试验第五组——土埂冲刷可能性之研究
	乙 活动坝流量系数之试验
	1 试验之目的
	2 试验之经过及其结果
	3 曲线之校正
	4 等流量及等流量系数曲线之性质
	a 最小水头损失之解释
	b 曲线不连续性之解释
	5 应用流量系数曲线
	6 小消力槛对于水位之影响
	丙 闸门开启尺寸与流量及上游水位之关系
	1 试验之目的
	2 试验经过及其结果
	3 测验数值之校正
	4 等流量曲线之应用
	六 模型与试验之精确度
	甲 模型之精确度
	乙 流量之精确度
	丙 水位之精确度
	丁 流量系数之精确度
	戊 等流量曲线之精确度
	七 试验结果之应用范围
	甲 水流情况
	乙 冲刷情况
	八 结论
	1 导淮入江入海水道简图
	2 三河活动坝总平面及正面图
	3 临时水工试验所设备简图
	4 三河活动坝模型范围图
	5 三河活动坝模型图
	6 煤屑组合曲线
	7 三河活动坝修改坝墩图
	8 三河活动坝下游河床纵断面图
	9 三河活动坝模型试验结果坝座形式图
	10 三河活动坝小消力槛形式图
	11 三河活动坝模型试验结果坝墩及小消力槛立体图
	12 三河活动坝模型试验结果河床铺石尺寸图
	13 三河活动坝等流量及等流量系数曲线图
	14 三河坝等流量线之校正
	15 第一次校正曲线
	16 第二次校正曲线
	17 等流量曲线最小水头损失及不连续性之解释
	18 三河活动坝之流量，下游水深曲线
	19 有无小消力槛水头损失比较图
	20 流量与上游水位坝门开启尺寸关系图（n=0.0200）
	21 流量与上游水位坝门开启尺寸关系图（n=0.0225）
	22 流量与上游水位坝门开启尺寸关系图（n=0.0250）
	附照片三十二幅

