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ABSTRACT

The results of calculations of the movement of a liquid with a variable flow rate on the way and a
spillway with a lateral springboard in the case of a horizontal and constant over the width of the
drain plane are presented. For the calculations, we used some solutions of planned hydraulics and
hydraulics of variable mass. Comparison of the results obtained with experimental data allowed us
to conclude that the considered methods of planned hydraulics are acceptable for very approximate
estimates of the flow parameters at the spillway.

KEYWORDS: lateral springboard, motion equation, open section, prismatic channel.

The hydraulic operating conditions of a water spillway with a side springboard are somewhat similar
to the operation of a side spillway. Therefore, we use the solution available for this type of spillway
to calculate the specified spillway. The main equation of water movement within the lateral weir was
obtained on the basis of the theory of hydraulics of variable mass in [4, 6, 11, 12] and other authors
and has practically a similar expression. The differences are only in the input of the corresponding
coefficients into it, taking into account the distribution of velocities in living sections, and in the
methods of approximate integration of this equation.

The analysis of this dependence and the operation of the lateral weir for the case of a turbulent mode
of motion were considered in [7, 10].

Most authors, when considering the steady non-uniform flow of a liquid within a lateral weir (a
prismatic channel), lead the problem to a one-dimensional plane flow scheme, solving a differential
equation of the form by the method of finite differences:
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Where £ - is the depth of the flow in the channel in the section with a side weir; x - longitudinal
coordinate of the flow with the beginning coinciding with the beginning of the lateral spillway;

N
K= (2 - ]; J 9, -1s the projection of the velocity vector of liquid jets overflowing through the side

weir (drain edge) onto the direction of movement of the main stream; - the value of the water

velocity in the channel; i- the slope of the channel bottom; if - 1s the value of the slope of friction,
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usually taken equal to i, = R and (U - is the cross-sectional area of the flow; I = q 1s the value
' X
of the specific discharge along the side weir, calculated by the formula:
3

qg=m ZgHE

m - flow coefficient depending on the design of the side weir drain wall; H is the pressure above the
crest of the drain wall, through which the waste stream overflows. In this case, it is assumed that the
mark of the free surface is constant over the entire width of the free section, with the exception of a
certain drop in the immediate vicinity of the drain wall.

In order to use equation (9) for an approximate hydraulic calculation of the stormy flow at the VBT,

the following basic assumptions and values of the constants included in the calculated dependencies

were taken:

a) in view of the relatively small values of the jet descent angle along the edge of the VBT
discharge (according to experiment S, , =0°—-25° for Fr,=5-75, §, =9 was taken, i.c.
K =10

b) value min formula (10) for is taken equal to m = 0,385 according to the data of DI Kumin [9]
(weir without a threshold in the absence of lateral compression);

c) the value of the channel roughness coefficient (n = 0.01) (organic glass);
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Picrure 1 Comparison of experimental data with calculation results
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d) the value of the hydraulic radius was determined as R = 2, where  is the value of the cross-
X

sectional area of the flow, determined by the formula @ = B,h, and y is the wetted perimeter of
the section, determined by the formula y =B, + /;

1

e) the value of the Shezy coefficient was determined by the Manning formula C = ~R®
n

. . . B B
The calculations were carried out for two ratios —>=2,86 B, =20cm;h, =7cm and —>=35
0 ’ 0

B, =20cm;h, = 4cm For each of the indicated cases, a number of calculations were performed that

b

differ in the value of the initial flow rate Q,.The results obtained are shown in Fig. 1. a - free surface
along the spillway axis; b - unit costs g.x;

c- transverse speed (1) at the edge of the cream.

B
A="0 =286, [-0,=26——; [[-0,=40——; Il[-0,=55"—:1V~Q,=70-". ;
. cex cex cex cex
V-0, =100—.
CeK
B-2vo50; -1-0,=1128 11-0,-174-; 1I-0,=2385"—; 1V-0,=3033-".
h ceK CeK ceK ceK

0

V-0, = 1002 1-experience; 2-calculation.

cex
Picture. 1. The calculated and experimental data on the free surface of the flow on the VBT, referred
to the flow axis, are shown in Fig. 4, a. It follows from the figure that the general nature of the

B

discrepancies for various ratios h_o is approximately the same. The magnitudes of the discrepancies
0

increase with increasing Fr =2,86.S0, for example, for Fr =74,5 they reach 40%, and for (
Fr =5,0 -about 20-25%,) so. That is, even at small Fr = 2,86 they remain large enough.

In the picture. 4.6 it can be seen that the values of the specific flow rates along the edge of the drain
also differ significantly from experience. In this case, sharp discrepancies can be observed not only
in the initial sections, but also along the entire length of the drain edge. In some cases (with

B
significant values of h_o and), these discrepancies exceed 50%.
0
The value of the transverse component of the velocity 9, , of the drain at the edge by the considered

method cannot be determined. As a rough approximation, the indicated velocity was calculated by
dividing ¢, , by the water depth, which is taken as constant over the entire width of the flow cross

section in the calculations. The results of such calculations are shown in the graphs in Fig. 4, ¢, from
which it follows that the rates calculated in this way are significantly underestimated. An attempt to

calculate 19k_k by formula 8, , =+/2gH , on the contrary, gives overestimated values of this
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Thus, in the considered case, the presented comparisons of the experimental and calculated data
indicate significant discrepancies in the results obtained.

Conclusions:

1. The use of hydraulic solutions for open turbulent planned flows (the methods of N. T.
Meleschenko and F. I. Frankl) is permissible for very approximate estimates of the hydraulic
characteristics of the flow within the considered design of the VBT.

2. The use of methods for calculating lateral weirs is unacceptable without additional improvements
and developments for practical calculations of a spillway with a lateral discharge and discharge of
the flow into the tailwater.
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