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Modet Study of Drops in Hua-Chi Irrigation Canal

Abstract

A. Projeet conducted for: Szechuan and Sikong Loan Commission of Agricul-
tural Hydraulic Engineering. .

B.  Investigators: Fxperiments conducted by C. S. Lee under the direction of
P. T. Tan.

C. Pgrpose:. To invest.ighte the current form and bed erosion at downstream
of the drop, the relationship between water stage and the width of the notch,
and the effective dimensions of the stilling basin.

D. Ootline and Result:

The Hua-Chi Canal, if well functioned, is capable to irrigate an area of 23sq.
cm by diverting a discharge of 4,62 cms. The main canal bears a total length
019,65 km' branching out into seven laterals in a total length of 33,56 km.
d:kcording to the topographié features of irrigated Iand twelve drops of different

fmenision were to be constructed along the main canal (see Fig 1, P. 11). To dis-
sipate the energy of falling water, ‘stilling basins were to be provided right behind
the drop as shown in Fig. 2, The kinetic energy of flow varies as a function of
unit weight of water ( ¥ ), discharge (Q) and height of drop (F). After analizing
the data of original design, the current form and energy of each drop were tabu-
lated ss in Table I, The current formation depends upon the relative elevations
between the crest of the lip and the water stage at downstream of the drop. Under
constant discharge the current tends to be various frém submerged flow to free
fall as the water stage at downstream graduslly drops down. Judging from Fig.

3 and Table 1, the drop No. 3 under the condition of free fall and drop No. 4

under the condition of submerged flow seemed to be more outstanding and will

be chosen as an sample for model study. ’

The models of drop No.3 & No. 4 were prepared to a scale’ of 1:8 with
movable bed to be surfaced with sand.of about 1,2 mm in diameter.

Operating model study on drop No. 3 to investigate bed erosion, procedures
were followed as described hereafter. (see Fig. 4, P. 12),

(1) Diverting a similitude of discharge of 4,78 c.m.s, to the mndel and
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adjusting and verifying the similitude of water stage at downstream to 2,32 m.,
large rollers of horizontal axis occurred right above the stilling basin and extremely
turbulent wave transmitted downward. The max. depth of bed erosion was found
to be 0,55 m in a length of 6,6 meters. The original design ought to be improved
pending further investigation. '

(2) Constructing at the outlet of drop a lip of 1,2 m long sloping upward at
an angle of tan-1 ; to let the flow be perfectly free; the max. depth of bed erosion

was reduced to 0,49 m in a length of 3,5 m (see Figs. 5, P. 13 &8,P. 16). .

Furthermore, if the sloping step at the downstream basin was changed to be
vertical, the max. depth of bed erosion was reduced to 0,1 m {Fig, 6). Additionally,
a small rectangular sill of 15 cm high and 20 cm wide was installed at the end of
apron as shown in Figs. 6 and 7, ‘the current became very stable and the scouring
tended to be further mild. A close study of this mode) test showed that the lip was
functioned well in the case of free fall but not in submerged flow.

(3) An inverted dentated sill of 1,30 m high and 1,0 m wide was insprted
between stilling basin and the sloping wall of drop, leaving two passages of 0,65 m
high and 0,32 m wide as shown in Fig 9, When the falling current met with the
sill, 2 part of current drained through the passages, and the rest of them formed
a hydraulic jump before sill as shown in Fig. 7. It showed apparently that the lip
was suitable for free fall, whereas sill was suitable for submerged flow.

Then the relationship between water stage at upstream of drop and the
required width of the notch were investigated. The model of drop No. 4 was
used in this case. The lip was installed in free fall and the sill in submerged flow
respectively. In- each case the water stage was measured under four different
widths of notch namely 0,20, 0,24, 0,30, and 0,35 m with different discharges.
Results covering the relationship between upstream water stage and width of notch
together with current forms, were shown in Figs, 10, 11 and Table 2. 4

In conclusion, the current form of the drop of original design was extremely
turbulent, and the earth bank and channel bed at downstream were scoured. It was
suggested to be improved by constructing a lip sloping upward at the outlet of
the notch in case of free fall, and an inverted dentated sill in case of submerged flow.
‘T'he step wall of stilling basin was also necessary to be changed from sloping to
vertical, and a small rectangular sill was to be inserted at the end of apron. The
dimensions of the width of the notch, length and depth of the stilling basin, were
suggested to be constructed in prototype in accordance with Tables 2 and 3 separ-
ately. Moreover, all the structural joints ought to be grouted with cement mortar.
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Hydraulic Model Study of the Drop at Tsui-Chia-Ya
Lan-Fung Canal, Kansu

Abstract

A, Project conducted for; Kansu Incooperation of Agriculture and Forestry
Development.

B. Investigators: Experiment conducted by C. C. Kao under the diréction of
C. C. Cheng.

C. Parpose: To investigate the current form and bed erosion at downstream
of the drop, and to determine the relationship between the upstream water
stage and width of notches,

D. Outline and Result:

The Lan-Fung Canal, 70 km long, drew a discharge of 12,5 cms from Yellow
River to develop the multiple purpose of irrigation, water supply, and water
power in an area of approximately 10 sq. km near by Lanchow, Kansu. Following
“the topographic features of the land, four drops of 2,8 m each are to be provided
in a horizontal distance of 66,7 m near by Tsui-Chia-Ya, which is 50 km from
the headwork of Lan-Fung Canal. A general layout of this project is shown in
Fig.1on P, 27. ‘

The model was molded in a scale of 1:16 to copform with the prototype
survey, Being similar in construction as well as in performance, only two of the.
drops (say the first & 4th) were put to be investigated from which characteristics
of the rest of them can be deriv:ed. During the course of study on bed erosion,
the movable bed of the model was filled with sands of 0,36 mm in mean diameter
to a depth of 9 cm. Procedures of this model s_tudy were scheduled as follows:

(1) Running section model study on drops of the original design, discharges
and water level of different stages were diverted and ndjusted with reference to
Fig.'5 on P, 30, ‘The current was very stable dun‘ng small discharge, Yet, when
discharge was graduglly increased largze & turbulent rollers of herizontal axis
occurred and the water stage built up to a keight of 0.61 m. in stilling basit due
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to the influence of contraction at the notch. The earth’ banks of canal were
damaged by the big wave whose amplitude reictied 0,29'm in thé eale of max.
discharge, The max depth of bed erosion at the joint of earth canal wes 0,32 m,
For the purpose of dissipating kinetic energy of ialling -water suggestions were
recommended as follows:

(a) To construct lips at the outlet of notches,

(b) To elevate the bottom of stilling basin,

(c) To elongate the stilling basin,

(d) To install sills at the bottom of the stilling basin,

Judging from experiments, method (c) and (d).were considered, fo be - most
effective, the details of which were to be improved pending further investigation,
(see fig. 3 on P. 28)

(2) Inserting four pieces of fnverted dentated. sills of 1.04m high and 0.4m
wide evenly distributed st an interval of 0.4 m at the end- of apron ag shown in
Fig, 4, ‘the current was much better improved than that had happencd in the
original design, The height of backwater was reduzced from 0,61 m to 0,27 m in_
stilling basin while the amplitude of wave near by earth bank was diminished from*
0,29 m'to 0,16 m. On the mean time the max. depth of bed erosion wss also
reduced from 0,32 m t0'0,08 m,

(3) Alternatively when the length of stilling basin was to be increased &
magnitude of 1,8 m whgreas the basin of drop was reduced a same magnitude
«thus keeping the total length of the drop unchanged, Although the max. depth
of bed erosion was reduced from 0,32 m to 0,165 m., yet the main cyrrénts with
wave amplitude of 0,26 m happened to concentiate on both sides of earth bank,
It is however not satisfactory. " '

(4) To eclongate the stilling basin and iostall sills simultaneously, the
combination of these two methods enabled the mudel to have a better result.
The falling current was initially checked by sills, and then tending to be mil as
the current diverged gradually, The height of backwater was reduced to 0,25 m
while the wave amplitude and bed erosion were reduced to 0,14 m and 0,05 m
respectively which seemed to he of little harm to the earth canal.  Results wﬁ_é
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summarized in a Table on P. 23,

The relationship between upstream water stage and the required width of
notch was pending further investigation, If the width of notch was too narrow,
the water stege at upstream was elevated. If it was too wide, the water stage
dropped down accelerating the velocity of flow and facilitating bed erosion. The
suitable size of notch can keep water depth at normal state under critjcal con-
dition. The water stages were measured in model during different discharges,
wheress the coefficients of discharge were calculated by equations (1) and (2)
on Page 23. Curve A,D and Cin Fig. 5 represent the discharge, coefficient of
discharge, and discharge at normal depth referring to upstream water stage re-
spectively, To compare curves A end C, the water stage at upstream of the notch
exceeds the normal depth.

The original width of notch of 1,0 m was proved to be tco narrow. The
suitable width of notch was found to be 1,20 m by substituting coefficient of
discharge of 1,25, the normal depth of 1,70 m and max. discharge of 6,8 cms
int oequations (1) & (2). So the new model consisting of -1,20 m in width was
reconsiructed and confirmed by repeating the procedure of jnvestigation once
more. It gave a satisfactory result expectedly.

In conclusion, the length of the transition region of second end third drops
was suggested to be reduced from 8,0 m to 6,7 m and that of the fourth, 7,0 to
6,5 m. The length of the stilling basin of the first three was lengthened to 8,3m
and that of the fourth, 8,5 m, The total length of four drops remained unchan-
ged. The dentated sills were siggested to be rightly installed on the basin. The
base width of the notch was changed to 1,20 m. Besides, sll jeints of the struc-
ture were grouted with cement mortar,
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