Some Experiments on Submerged V-notch Weir
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Introduction

Measurement of discharge is the most fundamental work to be carried out in any
hydraulic experiment and hydrological observation. Standard sharp-crested weirs, such
as V-notch weirs, rectangular weirs, and Cippoletti weirs are largely used for the
purpose in the open channels. Such weirs have been well calibrated and their discharge
equations have been already formulated in many styles by the forerunners.

In some cases such as hydrological field investigations, the weirs should be set in
low level because of the effects caused by backwater and other factors. In consequence,
flow on the weirs shows often characteristics of submergence under the unexpected
circumustances.

Few formulae on submerged weirs can be found out except only VILLEMONTE’S
and KozeENY’s formulae limited for the application. Especially, there has been no paper
dealing with submerged V-notch weir even up to present.

This report describes some experimental results and presents the discharge equation
to estimate the discharge volume from the submerged V-notch weir.

Experiments and Results

The experiments were made in the hydraulic laboratory, Shimane University. A
right angle weir as V-notch was set in the open channel. Necessary water volume was
taken out from the head tank and tailwater depth was regulated by adjusting the sluice
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Fig. 1 Sketch of V-notch weir used in the experiment.
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gate at the end of the channel. Such a case of submerged flow is- shown schematically
in Fig. 1.
1 Critical Value of H;/H, Related to Degree of Submergence

Submerged state, gennerally defined as follows that flow can not transform itself
into jet flow from ordinary flow, will appear at Hi = Hy under the rough view for the
definition, because the flow over the weir must show the critical depth interpreted by
BELANGER’S theorem right up the weir, in which, H, is upstream depth and Hg is
downstream. Let the value of Q/Qgur be correlated with the value of Hg/H,, in which
Q is equal to the real discharge volume and Qgfis the same as in the corresponding
free flow, and submerged state, defined expediently concerning discharge volume only,
rises when Hg/Hy is 0.3 ~0.4 as seen in Fig. 2. This value is much less than that of
BELANGER’S theorem.
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Fig. 2 Relation between Q/Qaf and Ha/Hu

It is presumed that the difference between theoretical value and experimental value
is due to non-linear distribution of pressure and non-uniformity of velocity in the
rotational flow of nappe.

2 Vertical Distribution of Velocity

Horizontal velocities in each depth were measured at center point of the weir by
means of Plandtl-type pitot-static tube ¢=4mm in diameter. It is known that the
Plandtl tube is quite insensitive to the angle of attack and that the tube gives the
resultant velocity, which is assumed to be horizontal in this experiment. Typical distribu-
tions of velocity for the run at Hz/H,=0, 0.366, 0.412, and 0.897 are shown in Fig. 3,
where H is distance from the deepest point of notch, V is velocity at each point and
Vinax is the maximum of velocity measured on the same line.

With reference to Fig. 3, it is explained that the vertical distribution becomes
gradually uniform as the degree of submergence is promoted. Furthermore, it is especi-
ally emphasized that the comparatively uniform part of velocity is found out in each
case. This uniformity very resembles the distribution of velocity observed often in the
investigations of submerged orifice flow.
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3 Inducement of Discharge Equation

If the real discharge volume Q is considered to be the total volume of Qs and Q,
in which, Qy is the discharge volume from the upper part of notch as free flow and
Qo is from the lower part as submerged orifice flow, then the following equations are
given by simple integration of BERNOULLI'S equation.

O=0r+Q0 Eq. 1
I 5/ 8/ 5/
Qr=2C1y/28 tan ——(-2 HP -2 HHP+-2 HP) oo Eq. 2
2 V15 3 5
_ 2

Qo =Cov/28 tan —g-Ha (H—Hp"* e Eq. 3
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Fig. 3 Typical velocity profiles correalted
with the degrees of submergence.
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Fig. 4-1 Deformation of stream line with Fig. 4-2 Deformation of stream line

variation of the degrees of submergence with variation of the degrees of
Ha/Hy=0.312 Q=1.82(s/D) submergence.

Ha/Hy =0.341 Q=1.85(/s)
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in which C; and C, are the coefficients of velocity for each part, g is the acceleration
from gravity and 6 is the opening angle of notch (6=90° in the experiment).

If dimensionless number K is defined as the modified coefficent of discharge volume
from the submerged weir under the assumption that C; and C,; are equal together,
then Q can be written as follows in the simple tunction of Hj and Hg

Q:K‘F(Hu, Hd) ......... Eq. 4
in which
N 5/ 3/ 5
F(H, Hp) =228 {tan—( mf -2 puls 2 nl)
2 )
41 tan0 Hy (H.— Hd)ifé]( ......... Eq. 5

2 2

Namely, the discharge volume from the submerged weir may be calculated with
the applications of the induced equations in substituting H, and Hg into Eq. 5.

The value of K calculated from Eq. 5 with use of the experimental data obtained
are shown plotted in Fig. 5. It is seen in Fig. 5 that the plots are considerably
systematic even in each degree of submergence. A careful study of Fig. 5 shows that K
is the value of velocity coefficent itself for free flow at low degree of submergence,
reaches gradually a maximum value of near 0.80 and decreases finitely to the value of
near 0.60 which may be corresponded to the value of velocity coefficent for submerged

Table 1. An example of experimental data gained in Q=0.80(l/s)

Soromm | heam | Values of | DRCWIES | Values of | Values of
Ha(em) Hu(em) Heg/Hu fréif{}‘/’;’;’ Q/Qar K
0.11 4.90 0.022 0.80 1.000 0.636
0.91 4.90 0.186 0.80 1.000 0.723
1.16 4.90 0.237 0.80 1.000 0.735
1.31 4.90 0.267 0.80 1.000 0.772
1.48 4.90 0.302 0.80 1.000 0.780
1.91 4.98 0.384 0.84 0.952 0.805
2.35 5.00 0.462 0.88 0.909 0.806
2.59 5.14 0.504 0.90 0.889 0.805
3.48 5.42 0.642 1.00 0.800 0.742
3.80 5.53 0.687 1.05 0.762 0.731
4.34 5.77 0.752 1.18 0.678 0.668
4.91 6.05 0.812 1.30 0.615 0.645
5.14 6.17 0.833 1.35 0.593 0.606
5.37 6.32 0.850 1.45 0.552 0.621
5.79 6.46 0.896 1.50 0.533 0.633
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Fig. 5 Relation between value of K and Hg/Hyu

orifice flow.

Supposing that K is expressed in the quadratic function of H:/H,, then the follow-
ing equation has been induced as a result of the experimental data dealt with the
method of least squares.

K=—0.994(He/H,)  +0.895(Hs/Hy) +0.581 oo Fq. 6

Egs. 5 and 6 can give finitely the value of discharge volume from the submerged
V-notch weir concerned. An example of calculation applied is shown in Table 2 where
the application errors are within 4.0 % through the wide range of submergence and
oonsiderably allowable in most cases.

Table 2. An example of calculation errors due to application of the induced
discharge equations in real discharge volume Q=1.85(l/s)

Values of Hg/Hy 0.921|0.865!0.800 0.726:0.643 0.571]0.517|0.430|0.340 | 0.064

Calculated values of K 0.562 0.622:0.661 0.706 1 0.746 (0.768 [0.778 0.782‘0.770 0.634

Calculated discharge ‘8}}1/‘38 1.85|1.83 | 1.82(1.79 | 1.78 | 1.83 | 1.78 | 1.83 | 1.90 | 1.88

Values of relative error(%) 0.0‘1.0 1.7 | 3.2 8.0 1.0 ]38 1027|117
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Summary

The author intended to induce a simple and applicable discharge equation for the
submerged V-notch weir, As the results of the experimental investigations, the follow-

ing conclusions are summarized ;

1 It is possible to estimate the discharge volume with use of Egs. 5 and 6. Applicability
of the induced equations can cover the considerably wide range of Hg/H,.

2 An approximate discharge volume can be regarded as equal to the discharge volume

for free flow within H:/H,=0. 35.

Many interesting problems, such as the more theoretical anlysis of the critical value
of Hy/H, and the value of K are still suspended out of the examination in this paper.
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