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Abstract:
The article considers the numerical solution of the problem of finding the relative velocity within the apron
using an electronic computer.
It is shown that a greater increase in specific flow rates within the apron than in the case of alternating partially
and fully open doors, and during the operation of structures, the entire opening of the dam should be partially
opened at the beginning.
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AHHOTALUA:

B cratbe paccMoTpeHa YHCIICHHOE pEIICHUE 3a/laud HAXOXKIACHUS OTHOCHUTEIBHOW CKOPOCTH B Ipeeiax
pucoepmbI ¢ UCToIb30BaHNEM DBM.

[Toka3zaHo, GoJiblliee YBEIMUCHHE Y/ICIBbHBIX PACXOJIOB B Mpeae/iaX PUCOCPMBI, UeM B Caydae depeaoBaHMsI
YaCTUYHO U MOJHOCTBIO OTKPBITBHIX JBEPEH, a IIPHU IKCIUIYaTAMK COOPYKEHUN CIEAYET B Ha4ajae OTKPbIBATH
BCE OTBEPCTHUE IJIOTUHBI YACTHYHO.

KiroueBblie ciioBa: Pe3zakcaiickas BOJOXpaHHIIUINA, MOJIEIUPOBAHUE, PETYIMPOBAHUE, BOJOCIUBHON (PPOHT,
pacupeHue MoToka, pacxoJl, OTKPbITHs OTBepcTHE, yucio Ppya.

Introduction
Modeling the regulation of the spillway front of the Rezaksai reservoir was carried out according to the

following data, where the width of the core of constant velocities b, was determined from experimental data
depending on the degree of expansion of the flow /3. Correction of the momentum a5 at 5 <2, S<4 is

found from expression (13) using the known value b, .

Problem Solving
The numerical solution of the problem of finding the relative velocity within the apron was carried out on a
computer.
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The following parameters were considered given in the task: B =2<6; Fr,=10<100, their
h

n
h,
The calculations were carried out for the spillway, the Rezaksai reservoir, which has 24, 12 and 6 spans. The
final results of the calculation are presented in the form of a series of curves of the dependence of the relative

corresponding conjugate depths ~—; g .

u
velocity u_m on the Froude number FI; and the degree of expansion of the flow g ( Fig. 2, aat a,, =7, Fig.
1

1.b.at o < 7).
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Fig. 1. Graphs :—“‘ = f(Fr,B)a)atB; > 2b)at§; < 2
1

The maximum flow velocities occur in the downstream under the condition that half of the spillway front is
partially open, and in the second half, partially and completely open holes alternate through one. This position
is consistent with the experimental data given below.

At B, =1 half of the spillway front openings will be fully open, and half - partially (hence, S =2,

b= g =1, in the downstream - flat conditions, and within the dam - an uneven distribution of flows along
the front, since each partially open hole alternates with a fully open one).

An analysis of the graphs shows that at £ >2 (Fig. 1, a) for a constant Froude number, with a decrease in
the degree of expansion, the relative velocities increase, and at 2 <2 (Fig. 1, b) they decrease, approaching
the values of the relative velocity in flat conditions (5, =1, 8 = 2); for a constant degree of expansion, as
the number FTI; increases, the relative velocities decrease.

The given results are valid if the Froude number in the compressed section of the flow is Fr, >10. At

Fr, <10 the conjugation of the pools will be carried out according to a type close to a jump-wave, for which

the given dependences in some cases do not give a solution.
An estimate of the degree of increase in the specific flow rate within the apron will be obtained by comparing

the specific flow rate (,, in the spatial flow with the specific flow rate Q, in the section I-I behind the dam

with the full opening of all holes (£ =1):
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where N3 = h_ relative velocities in the downstream in flat (with full opening of all holes, Fig.2, b, curve at
B

S =1) and spatial (Fig.2, a, b, 5, >1, > 2) conditions; are determined from the formulas:

(u_zj :ﬁ[ﬂj
U, np hz u, p

q,
Dependence graph —— ( Fig. 3, curve 2) shows that at B =4 the specific flow rate within the apron with
1

alternating partially and fully open holes is 1,7 times higher than the specific flow rate in the I-1 section behind
the dam with full opening of all holes.
When the entire weir front is operated according to the alternating scheme, openings are partially and

. - g - qj_ + 012q1 _ .
completely opened in the downstream, the lowest specific flow rate is set to T, - 0,60,. With an

d,
increase in the degree of expansion of the flow in the downstream 5, from 2 to 6, the ratio q—p tends to unity,
1

a,
and when B, decreases from 2 to 1, —~ tends to 0.6. The Froude number has little effect on the change in
1

relative unit costs.
For comparison, in Fig. Figure 3 shows curve 1, which characterizes the change in the relative specific flow
rates in the case of one-sided opening of spans completely, provided that the remaining spans are already open

1
at g full head on the spillway crest [8,12].

Conclusion. With this scheme, a greater increase in specific flow rates within the apron is obtained than in
the case of alternating partially and fully open holes.

Thus, during the operation of structures, the weight of the opening of the dam should first be partially opened.
After all the shutters are partially open, it is recommended to raise the shutters completely through one, starting
from the second. Then all holes are allowed to open completely in a row. [8,10,11]

q np J/FG"'.
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Fig. 2. Graphs of changes in relative specific costs 1 with sequential one-sided full opening ? = f(Fry, B)
1

2 - with alternating partially and fully open shutters % = f(Fry, B;)

Experimental studies: In order to study the qualitative side of the process and verify the calculated
dependencies obtained theoretically, experimental studies were carried out in the laboratory “Reservoir and
their safety” Research Institute of Irrigation and Water Problems.

Experiments according to the scheme shown in Fig. 1 were carried out on a model of a six-span dam with a
smooth reservoir installed in a rectangular horizontal flume 2.4 m wide, the working part 7 m long. The clear
span width was taken to be 34 cm, and the thickness of the steers 6 cm.

The profile of the spillway dam with a height of 28.5 cm was outlined according to the coordinates of Krieger
- Ofitserov and smoothly mated with the bottom of the dam. The limited number of spans (maximum S =6)

and the height of the dam made it possible to carry out only three experiments.
Depending on the flow rate Q through the fully open holes (the rest of the holes are still closed) and. of the

corresponding head H, on the crest of the weir, the second conjugate depth of the h, - bottom hydraulic jump

was calculated under the conditions of a two-dimensional problem. Depth h, was set at the end of the tray
and kept constant. Then the remaining holes were opened by 1/5 H,, and the flow rate was increased until the

depth in the upper pool was set at the same level. [8,9,12].

At the same time, in the tailpipe, the jets flowing from completely open holes merged into one outside the
jump, forming a jet stream so that the entire water flow was concentrated at one side of the flume, which is
explained by the ejecting property of the jet. A whirlpool with a vertical axis of rotation formed at the other
side. The transverse slope of the free surface outside the jump was equal to zero, no flow separation from the
side wall was observed.

The measurement of velocities in the transit flow was carried out using a three-point method using a Pitot
tube. The piezo metric head was measured with a static hole of this tube in five sections located in the tray
every 0.5 m, starting from the compressed section. Experiments have established that the collection of the
flow with a given scheme of operation of the structure is expressed only in an increase in specific costs.

The values of the maximum speed within the apron for various flow rates at £, =1,5 were plotted on the

u n _ .
corresponding curve (Fig. 2.6). The experimental values of u_m and q—p are in good agreement with the
1 1

calculated curves. The table illustrates the significance of the hydraulic parameters in the experiments.

Table
Experience | Q,lit/sec | g =N/n, | H,em. | h,om. | h,em. | hy,em | Fr | u,/u, | g,/
number
1 80 1,5 19,6 14,65 53 22,4 10,9 | 0,934 1,28
2 65 1,5 13,9 13,3 3,96 20,3 16 0,248 1,21
3 13 15 52 7,8 2,79 15,3 17,6 | 0,229 1,22

The results obtained from the experiments confirm the correctness of the chosen mathematical method.
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