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Abstract- A free overfall at the end of an open channel provides
a simple means for measuring flow discharge. The
semicircular open channel plays a significant role in various
applications, and it is of interest to calculate its discharge. This
paper presents the application of the momentum equation to
evaluate the use of a smooth inverted semicircular channel end
as devised to calculate the discharge if the end depth is known.
The experiments were performed in three separate
semicircular inverted channels, with diameters of 15.0 cm,
18.4 cm, and 24.2 cm. The experimental data used to develop
equations for calculating the discharge from known end depth.
Where the end depth is related to the critical depth, and the
end depth ratio value was found to be 0.8102 for a critical
depth-diameter ratio of up to 0.40. On the other hand, the
relationships for end depth ratio and non-dimensional
discharge are defined. Two empirical equations are generated
for the direct and indirect prediction of discharges from
known end depth values.

Keywords: Brink, End Depth Ratio, Semicircular Open Channel,
Overfall,

l. INTRODUCTION

FREE overfall occurs when there is a sudden drop in
the bed elevation of a channel causing the flow to
separate and form a free nappe. When the
approaching flow is subcritical, it is critical to the flow
upstream of the free overfall. The pressure distribution is no
longer hydrostatic, owing to the vertical acceleration at the
brink. The flow depth at the sharp edge is called brink depth
or end depth. The ratio of brink end depth ( y, ) to normal

depth (y,, ) is known as the end-depth-ratio (EDR=y,/y,

). The flow ultimately achieves the channel becomes
overfall then one consider free overfall (sudden drop) is
usually used in open prismatic channels with different
shapes as a discharge-measuring device. End depth or brink
depth is an easy way to estimate the discharge of all channel
types. A possibility to estimate the discharge presented by
the ratio of the end depth to the critical flow depth.

Dey [1] measured the end depth of a free overfall in
horizontal or slightly sloping inverted semicircular
channels. He derived a simplified momentum equation
method and contrasted the mathematical model with the
experimental results. For a critical diameter ratio of up to
0.86, he consulted that the end depth varies approximately
linearly from 0.72 to 0.74. The flow upstream of a free
overfall from smooth inverted semicircular channels was
theoretically studied by Dey [2] based on Boussinesq's
assumption of calculating the end-depth ratio (EDR),
applying an energy equation. Dey [3] performed both
experimental and theoretical studies of a smooth inverted
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semicircular channel free overfall. He found the expression
for the end-depth ratio, based on the momentum method,
which removed the need for an empirical pressure
coefficient. The flow upstream of a free overfall from
smooth inverted semicircular channels formed by Dey et al.
[4] is theoretically analyzed for calculating the end-depth
ratio (EDR), applying an energy equation based on the
Boussinesq assumption. This method removes the need for
a pressure coefficient. Raikar et al. [5] presented the
application of an artificial neural network (ANN) to
evaluate the end-depth-ratio for a smooth inverted
semicircular channel in subcritical and supercritical flow.
The experimental data used for network testing and
validation. Ahmed [6] showed the simulation of the free
overfall in an inverted semicircular channel with a sharp-
crested weir, the end-depth ratio for the description of the
discharge is almost from a single end-depth calculation. He
concluded an average value of 0.713 for this constant. Pal
and Goel [7] used the technique of supporting vector
machines to predict the end-depth-ratio value and discharge
of a free overflow occurring over an inverted smooth
semicircular channel and a circular channel with a flat base.
Beirami et al. [8] presented based on the free vortex
theorem and momentum equation, a theoretical model for
predicting the distribution of the pressure head at the end.
The pressure coefficient, the end depth ratio, and the flow
discharge at the brink of free overfall in channels of various
cross-sections with the subcritical flow.

Mohammed et al. [9] showed the relationship between the
brink and critical depth, the discharge equations for two
models using two free overfall models: straight vertical and
skewed end lip, and concluded that the discharge for the
skewed lip model was 13 percent higher than the straight
vertical model. Nabavi [10] researched a theoretical model
for measuring the distribution of the pressure head at
inverted semicircular channels. Applied momentum
equation, then obtains the ratio of end depth. Similar to
critical depth for design purposes, charts were constructed
to predict flow discharge when the end-depth value for a
critical depth-diameter ratio of up to 0.4 is defined as the
value of (0.7). Nabavi et al. [11] displayed a theoretical
model for measuring the flow of horizontal or mildly
sloping inverted semicircular channels by the end depth
method. A momentum method was applied to provide an
expression for EDR, the value was found to be 0.7 for the
ratio of critical depth diameter up to 0.4. They also gave
expression on discharge. Navabi et al. [12] performed a
theoretical model based on the free vortex theorem, which
is capable of predicting the distribution of the pressure head
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at the brink of free overfall in open channels. By applying
the momentum equations to obtain the end-depth-ratio from
which the discharge can be calculated, in the adverse
sloping or rough channel. The theory is successfully applied
to flat-based circular and U-shaped channels. Swetapadma
et al. 2014 [13] offered a brink-depth analysis by different
investigators for a clear understanding of all of its aspects.
They used the key theories, theory, equations, and engaged
modeling techniques along with the findings that were
discussed in brief. This analysis provided for different
channel shapes under the categories below. Lamri [14]
examined the uniform flow in a semicircular conduit. He
calculates the conduit radius by using calculation steps that
he solves the problem by evaluating the linear dimension,
forgiven discharge data passes through the pipe. The
channel architecture depends on the Rough Reference
Model Theory. Gupta et al. [15] based on applying the
momentum equation with some assumptions, and at the end
part, a few based on energy consideration and water surface
profile. The general mathematical model is derived from the
use of momentum, discharge, and Froude number equations
for open channels with horizontal, moderate, and adverse
slopes. Prior experimental data calibrate a proposed
mathematical model. To measure the relationship between
EDR and EDD for exponential channel cross-sections in
supercritical flow regimes, Abrari et al. [16] using the
momentum equation based on free vortex theory. Abrari et
al. [17] concluded that the end depth of a free overfall gives
a clear indicator of how to discharge should be measured.
The scientific note discusses two theoretical methods for
end-depth computation (EDR) and end-depth discharge
(EDD) relationships based on the momentum and energy
equations for inverted semicircular channel cross-sections.
With the use of two theoretical approaches, the flow
upstream of a free overfall has been theoretically
investigated to compute the end depth ratio and the end
depth discharge of an inverted semicircular channel cross-
section on a steep slope. Two empirical equations are
generated mathematically for the direct prediction of
discharges from known end depth values.

Thus, this study presents the evaluation efficiency for brink
as a discharge measurement device for a partially filled
semicircular open channel. The main target of the present
study derived relationships between various variables of the
semicircular channel from laboratory data in new forms of
equation and figures.

1. METHODOLOGY.

A sudden drop at end of the open channel bed as shown in
Fig. 1. characterizes a free-fall over a channel. It also shows
a uniform flow followed by gradually varying flow and
rapidly varying flow, at the end of which brink depth occurs
just at the free overfall.

Fig. 1. Free overfall (Brink)
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Flow over a free fall splits at the sharp edge or drop in the
form of a nappe and leads to rapidly varying flow with an
appreciable curvature of streamlines creating a no-
hydrostatic distribution of pressure. The flow depth at the
brink is, therefore, lower than the critical flow depth and is
called end depth or brink depth. This type of drop occurs in
the city drainage system and hydraulic drop-style structures
used in irrigation engineerings such as notches and fallings.
The pressure at the top and bottom ends (S and B in Figure
(1)) of the dropping nappe at the brink or end of a channel
is atmospheric and varies almost parabolic.

Taking into account all the effective forces parallel to the
channel bed, the momentum equation may be written as
follows:

PQ(BVe — Ve )=Fe —Fe ~Wsing—F¢ ............... )
Where p is the water density, Q is the discharge, g, isthe
momentum coefficient at section 1, S, is the momentum
coefficient at section 2,V. is the mean flow velocity at
section 1,V, is the mean flow velocity at section 2, F.and
Fe are the resultants of pressures acting on the two
sections, W is the weight of water enclosed between the
two sections, ¢ is the bed slope angle and Fs is the total

external force of friction and resistance acting along the
surface of contact between water and the channel bed

For the horizontal channel, the horizontal component of the
weight of the water enclosed between the two sections
equals zero, W =0.Also, the length between the two
sections is so small that the external force of friction on the

channel perimeter is negligible, F; =0. The velocity
distribution is assumed to be uniform; then B, = g, =1.0.
With using the continuity equation, Eq. (2) becomes

2 2
%JFFCZ%JF& ....................................... 3)

Where A, is the cross-sectional area of critical flow and A,
is the cross-sectional area of end flow, While p=y/g and
V =Q/Awherey is the unit weight of water, gis the

gravitational acceleration, and A is the cross-sectional area
of flow
Froude number in open channels is expressed as

_v?_ QT
TS
Where Fr2 is Froude number, Y}, is hydraulic mean depth (
A/T),and T is the top width

F?

For critical flow at the upstream section, Frc2 =1
Q?
g T
Put Eq. (5) in Eq. (3) gave

3

74°*c2+':c:%+':e ......................................... (6)

A. Upstream Hydrostatic Force

The upstream hydrostatic force
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Where ¥, is the centric depth of the segment area from the
free surface of the water

B. Downstream Hydrostatic Force

The upstream hydrostatic force as Beirami et al [8]

Fe = Ke(7Ae ye)
Where K, is the assumed coefficient of pressure
distribution

C. The Brink Equation

Introducing Eq. (8) and Eq. (7) in Eq. (6) and dividing both
sides by 7D3 one gets

th*erC*:%J’_Ke(Any*)""'""""""""""""""(9)
Where Yh+is  dimensionless hydraulic mean depth

(th/DS), Dis the diameter of channel, y.is the
dimensionless centric depth of the segment area from the
free surface of the water for critical section (y,/D), A, is
the relative area(A./A;) , andV,is the dimensionless
centric depth of the segment area from the free surface of
the water for the end section (y, /D)

D. Geometric Properties of Semicircular Channel

The geometric properties of the inverted segment of the
semicircular can be easily determined. The exact
dimensionless cross-sectional area, Ax, of the partially
filled inverted semicircular channel can be expressed in
dimensionless form as:
A :A: O—-sinf—-rx
D 8

Where A. is the dimensionless water area, A is the cross-
sectional area of the partially filled inverted semicircular
channel, 4 is the central angle of the cross-sectional area of
the partially filled inverted semicircular channel, and 7 is
constant equals to 3.14 as shown in Fig. 2.

i
—

\
\

Fig. 2. Geometric properties

The dimensionless top width is maybe written as;

Te=2vV0.25-Y2 ...
Where T, is dimensionless top width (T/D), and Y is
dimensionless water depth (y/D)

E. Centric depth of the semicircular section
The dimensionless relative centric depth of the segment
area of a circular cross-section from the free surface of the
water may be written as follows:
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V.-

3

_cos(6/2)
NN

S

|

WhereY, is the centric depth of water area of a segment of

acircle, (\73 =y,/D)
For central angle of the cross-sectional area of the partially
filled inverted semicircular channel as shown in Figure (2).

sin3(9/2)j

0-sing

cos(6/2)= 2 [_)Zy R (13)
And
2
sin(6/2) = Z—VDyD_ZV =20 =Y? (14)

Herein, the dimensionless centric depth of the semicircular
channel becomes

325 tr-vef” 2

WhereY is the dimensionless centric depth of water area of
a segment of inverted semicircular cross-sectional

Y =y/d

1 1

Y = (%Y - o.11292j .. (15)

The flume used with dimensions of 14.25 m long, 1.00 m
wide, and 1.00 m in height. It was divided into three
sections. The first one was used to remove eddies and to
give a uniform flow condition. The second part of the
horizontal slope flume has an inverted semicircular flume
of length (6.00 m) with internal variable diameters (D)
equalsto 15.0, 18.4, and 24.2 cm. Plate (1). The water depth
in the inverted semicircular flume can be read using
piezometers. Third-part escapes with a rectangular notch to
measure the discharge. A laboratory of 100 experimental
runs in the inverted semicircular flumes with different
diameters for different discharges was conducted.

EXPERIMENTAL WORK

Plate I Inverted Semicircular Horizontal Flume

The main purposes were to deduce equations for discharge
with end depth for inverted semicircular open channels. The
water depths at the end of the flumes and calculated
discharges are presented in TABLE 1.

V.

A free overfall at the end of an open channel provides a
simple means for measuring flow discharge. This paper
presents the application of the momentum equation to
evaluate the end-depth-ratio for a smooth inverted
semicircular channel. The experimental data used to
develop equations for calculating the discharge from known
end depth.

RESULTS AND ANALYSIS
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TABLE | EXPERIMENTAL DATA COLLECTED

Run No. Diameter Ye (€M) H (cm) Q (cm¥sec) Ye Qx Ye EDR Ke
1 1.4 1.88 1214 .6 0.093 0.04450 0.625 0.7467 0.015
2 2.2 2.61 1942.8 0.147 0.07118 0.671 0.8577 0.048
3 23 2.62 1953.4 0.153 0.07157 0.672 0.8915 0.052
4 2.2 2.65 1985.5 0.147 0.07275 0.674 0.8429 0.045
5 23 2.74 2082.8 0.153 0.07631 0.679 0.8566 0.052
6 25 2.94 2303.8 0.167 0.08441 0.692 0.8681 0.057
7 24 2.97 23375 0.160 0.08564 0.694 0.8247 0.050
8 26 3.02 2394.1 0.173 0.08771 0.697 0.8799 0.061
9 25 3.05 24282 0.167 0.08897 0.699 0.8375 0.054
10 28 3.25 2659.3 0.187 0.09743 0.711 0.8847 0.070
11 2.7 3.32 2741.7 0.180 0.10045 0.715 0.8372 0.062
12 2.9 3.41 2848.7 0.193 0.10437 0.721 0.8748 0.072
13 2.9 3.44 2884.7 0.193 0.10569 0.723 0.8670 0.071
14 28 357 3042.0 0.187 0.11145 0.731 0.8081 0.058
15 2.9 3.59 3066.4 0.193 0.11235 0.732 0.8333 0.067
16 2.9 3.66 3152.4 0.197 0.11550 0.737 0.8298 0.065
17 15.0 29 3.68 3177.1 0.193 0.11640 0.737 0.8158 0.065
18 3.2 371 32142 0.213 0.11776 0.739 0.8926 0.085
19 3.2 373 3239.0 0.213 0.11867 0.741 0.8852 0.082
20 3.2 3.97 35415 0.213 0.12976 0.755 0.8366 0.077
21 34 4.01 3592.7 0.227 0.13163 0.757 0.8820 0.091
22 34 4.03 3618.4 0.230 0.13257 0.759 0.8880 0.091
23 35 4.05 3644.1 0.233 0.13351 0.760 0.8974 0.095
24 33 4.09 3695.7 0.223 0.13541 0.762 0.8524 0.085
25 33 4.14 3760.6 0.220 0.13778 0.765 0.8302 0.080
26 33 418 3812.7 0.220 0.13969 0.768 0.8209 0.076
27 3.4 431 3983.6 0.227 0.14595 0.775 0.8242 0.082
28 3.4 4.47 4197.0 0.227 0.15377 0.785 0.7953 0.073
29 38 451 42509 0.253 0.15575 0.788 0.8796 0.101
30 38 452 4264.4 0.253 0.15624 0.788 0.8796 0.103
31 35 469 44958 0.233 0.16472 0.798 0.7830 0.071
32 35 478 46198 0.233 0.16926 0.803 0.7701 0.068
33 39 497 48850 0.260 0.17898 0.814 0.8280 0.097

1 11 1.40 8128 0.060 0.01787 0.568 0.8792 0.011
2 1.2 1.90 1205.4 0.065 0.02650 0.589 0.7328 0.006
3 13 1.90 1214.6 0.071 0.02670 0.589 0.7938 0.012
4 13 1.90 1261.1 0.071 0.02773 0.591 0.7764 0.012
5 14 2.00 1355.7 0.076 0.02981 0.59 0.7926 0.013
6 16 2.00 1365.3 0.087 0.03002 0.597 0.8965 0.020
7 16 2.10 1394.1 0.087 0.03065 0.598 0.8873 0.020
8 17 2.10 1432.9 0.092 0.03150 0.599 0.9332 0.025
9 17 2.10 1462.1 0.092 0.03214 0.601 0.9148 0.023
10 18 2.40 1753.8 0.098 0.03856 0.614 0.8581 0.024
11 16 2.70 19855 0.087 0.04365 0.624 0.7013 0.006
12 2.0 2.80 21924 0.109 0.04820 0.632 0.8235 0.027
13 2.1 2.90 2203.5 0.114 0.04844 0.633 0.8581 0.031
14 2.2 2.90 2270.2 0.120 0.04991 0.635 0.8857 0.036
15 18 2.90 2281.4 0.098 0.05016 0.636 0.7193 0.011
16 18 2.90 2292.6 0.098 0.05040 0.636 0.7193 0.012
17 18.4 19 2.90 2303.8 0.103 0.05065 0.637 0.7537 0.017
18 : 2.1 3.00 2405.4 0.114 0.05288 0.641 0.8094 0.027
19 21 3.10 2496.9 0.114 0.05489 0.644 0.7926 0.027
20 23 3.20 2543.0 0.125 0.05591 0.646 0.8562 0.036
21 24 3.30 27417 0.130 0.06028 0.653 0.8525 0.040
22 24 3.40 2848.7 0.130 0.06263 0.657 0.8308 0.038
23 25 3.60 3017.6 0.136 0.06634 0.664 0.8285 0.038
24 23 3.60 3066.4 0.125 0.06741 0.666 0.7530 0.023
25 26 3.80 3364.1 0.141 0.07396 0.676 0.8029 0.038
26 3.0 3.90 3490.5 0.163 0.07674 0.681 0.9008 0.056
27 3.0 4.00 3605.5 0.163 0.07927 0.684 0.8861 0.057
28 31 4.20 3773.6 0.168 0.08296 0.689 0.8914 0.062
29 31 4.20 3852.0 0.171 0.08468 0.693 0.8870 0.060
30 33 4.30 3996.8 0.179 0.08787 0.697 0.9104 0.067
31 3.4 4.40 41433 0.185 0.09109 0.702 0.9148 0.070
32 3.0 4,50 4197.0 0.163 0.09227 0.704 0.7992 0.046
33 34 4.60 4386.4 0.185 0.09643 0.710 0.8799 0.067
34 35 470 4482 1 0190 0.09854 0.713 0.8930 0.071
1 0.8 1.26 684.9 0.033 0.00759 0.538 0.8699 0.004
2 09 1.41 804.6 0.037 0.00892 0.543 0.8649 0.004
3 0.9 1.45 837.5 0.037 0.00928 0.544 0.8452 0.004
4 1.0 153 904.4 0.041 0.01002 0.546 0.8983 0.006
5 12 1.82 1159.5 0.050 0.01285 0.555 0.9016 0.008
6 14 2.13 1452.3 0.056 0.01610 0.564 0.8716 0.009
7 14 2.19 1511.3 0.058 0.01675 0.565 0.8900 0.011
8 14 2.25 1570.9 0.058 0.01741 0.567 0.8635 0.010
9 15 2.29 1611.0 0.062 0.01785 0.568 0.9115 0.012
10 15 2.31 1631.2 0.062 0.01808 0.569 0.8983 0.011
11 15 2.32 1641.3 0.062 0.01819 0.569 0.8983 0.012
12 17 2.48 1805.7 0.068 0.02001 0.574 0.9214 0.014
13 17 2.61 1942.8 0.068 0.02153 0.577 0.8855 0.015
14 18 3.14 2531.4 0.074 0.02805 0.592 0.8085 0.014
15 2.1 351 2969.1 0.087 0.03290 0.602 0.8508 0.020
16 2.2 3.65 3140.1 0.091 0.03480 0.607 0.8496 0.020
17 24.2 26 414 3760.6 0.107 0.04168 0.620 0.8953 0.030
18 2.7 418 3812.7 0.112 0.04225 0.621 0.9221 0.033
19 28 4.60 43728 0.116 0.04846 0.633 0.8699 0.032
20 3.0 4.70 4509.6 0.124 0.04998 0.635 0.9183 0.039
21 3.1 4.95 4856.9 0.128 0.05382 0.642 0.9021 0.041
22 3.2 5.00 4927.2 0.132 0.05460 0.644 0.9183 0.042
23 3.2 5.10 5068.9 0.132 0.05617 0.646 0.9057 0.043
24 34 553 5691.7 0.140 0.06308 0.658 0.8892 0.046
25 35 5.60 5795.1 0.145 0.06422 0.660 0.9039 0.048
26 3.7 5.80 6093.7 0.153 0.06753 0.666 0.9210 0.052
27 38 5.90 6244.7 0.157 0.06920 0.668 0.9347 0.057
28 3.9 6.12 6580.7 0.161 0.07293 0.674 0.9262 0.058
29 41 6.28 6828.4 0.169 0.07567 0.679 0.9465 0.062
30 4.2 6.34 6922.0 0.174 0.07671 0.681 0.9589 0.064
31 43 6.66 74275 0.178 0.08231 0.689 0.9401 0.067
32 45 6.85 7732.7 0.186 0.08570 0.694 0.9585 0.072
33 4.2 7.41 8653.5 0174 0.09590 0.709 0.8304 0.057
46
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The discharge can be easily measured if the end depth is
known, and a connection exists between the end depth and
the critical flow depth, Fig. 1. The estimation of relative

critical depth, the dimensionless discharge Q. = /Q?/gD®
, the end depth ratio, and the pressure coefficient are
presented in TABLE I.

The present study provides a simplified approach to
evaluate the end depth of a free overfall in semicircular
channels recognizing that few attempts have been made in
this form of the section to examine the free overfall.
Checked with different discharges and three pipe diameters
15 cm, 18.4 cm, and 24.2 cm, it can be developed discharge
with end depth equation.

A. Direct estimate of the discharge

Fig. 3 can be used to estimate directly the discharge from
measured end-depth. The relationship between the
dimensionless measured discharge, Q«and the
dimensionless end water depth, Y, can be written as follows
using the least square techniques,

Q. =1.2393y 1489 R? =0.9821

0.20
0.18 x

O, =1.239374%

0.16

0.14
0.12
o

0.10
0.08
0.06
0.04

0.02

0.04 y 0.16 0.24 0.28
e

Fig. 3. Variation of relative end depth, Ye with dimensionless discharge

Q. for different pipe diameters

Eg. (16) generated mathematically for the direct
prediction of discharges from known end depth values.
Checked with different discharges and three pipe diameters,
it can be cleared that the radius not affected the relationship
under consideration.

B. An indirect estimate of the discharge

The relationship between critical water depths Y, is shown

in Fig. 4. The relationship is a straight line closely correlates
with accuracy to the experimental results.

The relationship between the dimensionless critical
depth, Y, and the dimensionless end water depth, Y, can be

written as follows using the least square techniques,
Y. =1.1597Y, +0.001 R% =0.9768 17)
For a given end depthY,, Y. is computed from Eq. (17).

Then, the discharge is solved numerically from Eq. (5) or
by using the following relationship, Fig. 5.
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The relationship between the dimensionless measured
discharge, Q« and the dimensionless critical water depth, Y,

can be written as follows using the least square techniques,
Q. =1.0335y301%8 R? =1.0000

0.35

* d=24.2 cm

0.00

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Y,

e

Fig. 4. Variations of relative critical depth Y, with relative end depth Y

Q. =1.0335701%8

oz R2 _1 0000

O:.Iﬂ
0.08
0.8 «d=15.0 cm
0.04 2d=18.4cm
0.02 *d=24.2 cm
0.00

0.05 0.10 0.15 Y 0.20 0.25 0.30 0.35
[

Fig. 5. Variations of Qx with Y,

Again for agivenend depthY, , Y, is computed from Eq.

(17). Then, the discharge is solved numerically from Eq.
(18). For agiven end depthY, , Y, is computed from Eqg. (9).

Then, the discharge is solved numerically from Eq. (5).

An estimate of the discharge using Momentum
Equation

As the value K, for flow over free overfall is not available
as yet, Eqg. (9) is required to be calibrated extensively K, .

The experimental data were used to calibrate Eq. (9),
making K, a free parameter. For this purpose, the

experimental data for discharge and different end depths
were used as source data. The variation of K, with Y, is
shown in Fig. 6, where K, decreases with increase Y, .
The relationship between the pressure distribution
coefficient, K, and the dimensionless end water depth, Y,
can be written as follows using the least square techniques,
K. =0.452Y, —0.0191 R2=09580.......... (19)
Again for a given end depthY,, K, is computed from Eq.
(19), then, the critical water depth is solved numerically
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from Eq. (9). For the computed relative critical depthY,,
the discharge is solved numerically from Eq. (5).

0.12

0.0 K, =0.452Y, -0.0191 :
R2 =0 958N

0.08

K,
0.06
0.04
= d=15.0cm
0.02 4 0=18.4cm
. ® d=24.2 cm
0.00 had

0.00 0.10 Y 0.15 0.20 0.25 0.30

.
Fig. 6. Variations of pressure distribution coefficient Ke with relative

end depth Y

End depth ratio (EDR)

The end depth ratio Yg« is the relation between end depth

and approaching critical water depth. According to the
present experiment, the end depth ratios vary almost from
0.7013 up to 0.9589. The variations Y.« are presented in

Fig. 7., with a mean value of 0.8201 for different values of
channel diameters.

1.20

1.00
."e.c ? H E* "::A:;:Aﬂ,k L x
0.80 A A:‘ L° TS g
0.60
0.40
= d=15.0 cm
020 2 (d=18.4cm
® =242 rm
0.00
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
Y.
Fig. 7. Variations of end depth ratios Y with relative critical water
depth Y,

V. CONCLUSIONS

The flow upstream of a free overfall was investigated to
compute the discharge of an inverted semicircular channel
cross-section on a horizontal slope. The present study
presents the application of the momentum equation to
evaluate the use of a smooth inverted semicircular channel
end as devised to calculate the discharge if the end depth is
known. Also, the experimental data used to develop
equations for calculating the discharge from known end
depth. The equations are generated for the direct and
indirect prediction of discharges from known end depth
values.

A. Direct estimate of the discharge

Eg. (16) can be used mathematically for the direct
prediction of discharges from known end depth values. The

https://digitalcommons.aaru.edu.jo/erjeng/vol5/iss1/7
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equation yielded a highly satisfactory agreement with
experimental data sets.

B. An indirect estimate of the discharge
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For a given end depthY, , Y, is computed from Eq.

(17). Then, the discharge is solved numerically from
Eqg. (18). Another model for indirect solution for a
given end depthY,, Y, is computed from Eg. (9).

Then, the discharge is solved numerically from Eq.
(5).

Checked with different discharges and three pipe
diameters 15 cm, 18.4 cm, and 24.2 cm, it can be
cleared that the radius not affected the relationship
between discharge and end depth.

The end depth is related to the critical depth, and the
end depth ratio value was found to be 0.8102 for a
critical depth-diameter ratio of up to 0.40.
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