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Abstract

This study deals with the evaluation of discharge coefficient of semicircle
crested weir extending across the full width of the channel (suppressed).lt is stable
over flow pattern, easy to pass floating debris, and has large coefficient of
discharge. Data obtained from laboratory experiments provide information on
head — discharge relationship for three models with different radius of curvature.
Each model has an empirical head- discharge equation. The momentum equation
is applied to derive discharge per unit width. The predicted values of discharge
coefficient for the proposed models based on direct discharge measurement & the
derived discharge equation. The proper application of this study is an equation
show that the discharge coefficient is proportional with upstream head above weir
crest & inversely with the radius of curvature.

Keywords: Curvilinear flow, pressure distribution, discharge coefficient
semicircular.
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I ntroduction

A semicircular broad crested
weir consists of an obstruction in the
form of a raised portion of bed
extending across the full width of the
channel. This raised portion has a
shape of semicircle figure (1). The
basic difference between broad
crested weir and the present model is

the curvature of stream lines. The
effect of curvature is to produce
appreciable acceleration components
or centrifugal forces norma to the
direction of flow [3].Another feature
of this model that it has larger
discharge capacity than the broad
crested weir and sharp crested weirs.
Related applications include three
models of polished wood models
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with different radius of curvature. In
the present study the models
cdibrated to determine the relation
between the head and rate of
discharge

Theoretical Background

The two dimensiona flow
patterns over cylindrical weirs can
describe by the Equation of motion
in the s-and n-direction
[9].Curvilinear flow resulting in
diversion of pressure distribution
from hydrostatic as the flow occur in
the vertica plan€g[3] .The pressure
will be less than hydrostatic pressure
in convex flow when centrifuga
force acting upward against the
gravity action[7]. The rate of
departure from hydrostatic pressure
distribution is defined by the locd

centrifugal acceleration (”zlr). Thus
the change of piezometric head in n-
directionis[9]:
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The integration of equation (1) from
point (1) to point (2) in the n-
direction figure (2a) yields:
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Where [v ] equals  the
piezometric head at point (1) and

point (2 respectively and
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[glr n] is the loss of

piezometric head due to curvature of
surface line. A  decrease of
piezometric head, which is due to
centrifugal acceleration, necessarily
a corresponding increase of velocity
head, thus:
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Critical Depth

In a rectangular horizonta
channel with hydrostatic pressure
distribution, the flow depth at critica
flow condition eguals:

d. = E*||:1:H'rg
N ... (4)

dc is commonly called the critical
flow depth at the crest of semi-
circular weir, critica flow occurs but
the pressure distribution is not
hydrostatic. The stream line
curvature implies that the pressure
gradient is less than hydrostatic and
velocity distribution is rapidly varied
[1].Critica depth and its position on
weir are governed mainly by
frictiona effects and stream line
curvature. Therefore, curvilinear

-
=

flow (dc/yl) = 3 while in parald
flow (dc/yl) _ 3 [6]. For al these
reasons, the depth a the crest of
semi-circular weir is expected to
differ from equation (4).

Computation of Pressure
Distribution

Knowledge of the variation in
pressure is particularly important in
the design of hydraulic structure,
over which and in which flow is a
curved nature. The induced pressure
forces may cause damage or erosion
to the face of the structure. In the
vertical plane the effect of streamline
curvature is to increase or decrease
the pressure distribution. Flow over a
convex surface the pressure is
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reduced below hydrostatic [8]. For
curved profiles, the totd pressure
distribution can be determined
anaytically by numerical method or
graphicaly by flow — net andysis.
The second method is adopted in this
study. Figure (3) show the
application of flow-net analysis on
model (). The corresponding
variation of pressure distribution
aong the weir surface shown in
figure (4). Caculation of pressure
forces acting on the downstream
weir surface that counteract pressure
force acting on upstream weir
surface revel that the ratio between
these  two resultant forces
approximately (0.5) and that's mean
the upstream force is twice than the
down stream force for the three types
of models and the pressure force per
unit width acting on weir surface
which is equal and opposite in
direction to force exerted by weir on
block of water is caculated from
equation:

1 R yR
B, = E-'F'(-.Yl_ R+Y1}*§=E
(2y1 = R) .. .(5)

Where y; is upstream flow depth.
The accuracy of the last assumption
has been checked by flow-net
analysis.

Evaluation of Discharge

The discharge per unit width
of a broad crested weir across a
rectangular channel (q) can be
determined by application of the
momentum principle. Since it deals
only with externd forces represented
by upstream and downstream
hydrostatic and pressure forces
acting on weir surface. The
assumptions to be made are the
frictiona forces (Fy’), (Ff) are
negligible, where first symbol is the

frictional forces on channel bed and
the second is frictiona forces on
weir surface. The longitudina
section of the short length of
horizontd channel shown in the
figure(5) in which the flow is
impeded by semicircular welr
located on channel bed.

Let the force exerted by the
weir on flow be (Pw) as derived in
equation (5).if the momentum
equation is gpplied to the body of
water between upstream approach
section (1) and downstream section
(2) as shown in the figure (5)the
following equation may be written:

v gy 1. 1
gy w2 o2
Y

-~ (2, - R

7 - B e (6)

Where (q) the discharge per unit
width, yland y2 are upstream and
downstream weir depths.
Experimental data have shown that

on the average, v, = y;%_R in that

case the above equatibn can be
simplified and solved for g as:
o5
dth = \-"0-455( Y1 )
2.25vy + R
0.5

(1 ! :ﬂ) @z )

Where

K = (0.55R)(2y; — R)(y; —R),
(K) is coefficient has the dimension
of (L3), gisgravity acceeration, and
(H) is the upstream head above the
weir crest. In practice the observed
discharge differs from equation (7)
because it based on idedized
assumptions such as: hydrostatic
pressure distribution and uniform
velocity digribution in reality these
effects do occur and the must be
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accounted for by introduction of a
discharge coefficient (G)
Experimental Works

The experiments were
performed in a horizontal laboratory
flume with (5m) length, (0.076 m)
width, and (0.15) depth. Both bed
and walls were made of fibber glass
to ensure hydraulic  smooth
condition, figure (1). The flume is
supplied with a constant head tank.
The water discharge was measured
by a volume-time method, the flow
depth had been measured using point
gages, and the flow of semi-circle
were investigated in the laboratory
for three models of weir with
different radius of curvature (4, 6, 7)
cm which are placed along (3.85 m)
downstream out let of the tank and
fixed directly on side wals
(suppressed type). The flow
regulating value was adjusted to give
the maximum possible discharge
with  the corresponding depth
upstream and downstream of the
weir. The discharge was reduced in
five steps and series of readings for
(q) and (H) were taken for each type
of weirs. All experiments done with
zero slope channel bed. In addition,
photographs were taken during the
experiments and used to visualize the
flow pattern as shown in the figure
(2). Full details of datawere reported
in appendix (A).

Experimental Results

The variations of (q) with (H)
for three models were shown in
figures (6), (7), and (8) respectivdy,
with five readings for each model as
showing in appendix (A). By
plotting (Log q) against (Log H) a
straight line relationship obtained its
equation of association, (q = C*H")
the experimental rel aionship
between (q) and (H) are:

q=17648 x H™® (For
R=4cm).ccooviiiiiiiiiiiiiinnns (8
3= 21898 x H% (For
R=6CM)......cccvevieiiiiennen, 9
g =2.1747 x H1® (For
R=7Ccm).cciiiiiiiiiiii . (10)

Experimental data shows that the
practical range of the coefficient to

(I'IS :) is varied as shown in table

D).
Effect of Upstream Head on

Dischar ge Coefficient

The discharge coefficient data
are plotted as function of ratio (H/R).
The graphical representation show
that the discharge coefficient is
proportional to the ratio of (H/R) as
illustrated in figure (9). It appears
that if (R=c0) the stream lines are
straight and if they are curved there
isasignificant flow velocity result is
increasing of discharge coefficient.
Effect of Radius of Curvature on

Dischar ge Coefficient.

The effect of radius of curvature was
investigated through series of

experiments. The average discharge
coefficients for each model are
plotted versus radius of curvature as
shown in the figure (10) which
revea that the discharge coefficient
increased as the radius of curvature
decreased.

That is for any element of
stream line having radius of
curvature (r), has a normd
component of acceleration (an)

which is equd to (¥2/r) [9].
Resulting in non uniform velocity
distribution which has maximum
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value at the inner surface and lower
value at the surface of flow as shown
in the figure (11).Thus the velocity
profile over the crest of circular weir
is significantly differs from the
theoretical log-law profile due to the
strong favorable pressure gradient
[2].

Discussion:

Pressure Distribution

The existence of centrifugal forcesin
the upstream and down stream cross-
section bounding the consdered
zone of accderation causing
reduction in pressure. This reduction
of pressure is investigated through
the application of flow-net analysis
with positive values of water
pressure measured aong the weir
surface. Under those  such
circumstance where the over flowing
jet isin contact with the body of weir
and under pressure may hot
developed near the weir crest. Note
that the reduction in pressure due to
streamlines curvature increases the
discharge coefficient.

Weir Coefficient

In the head-discharge equation of
each type of models, there is a weir
coefficient which represents the
combination of the approach velocity
head a measuring station, the
breadth of flow at control section,
and the streamline curvature. Thus
the influences of all these vaues are
included in weir coefficient (C). The
practical ranges of the coefficient (C)
to (H3/2) are shown in table (1).
Dischar ge coefficient

The variation of  discharge
coefficient (Cd) with respect to head
normalized to radius of curvature
(H/R) show that the discharge
coefficient is greatly effected by the
upstream head over the crest (H) and
the discharge coefficient vaues

increases with increasing values of
(H) over the range of the calibration
note that the flow over the weir was
independent of downstream water
level. It's apparent at very low values
of (H), the effect of surface tension
and viscosity would influence the
behavior and results in curves shown
in figure (9).

For very high weir( that is R/H
large)the velocity of approach
becomes small so that (ExH) but
with lower weir and the same flow
rate the velocity of approach
becomes larger and (E/H) increasing
in magnitude resulting in larger
values of (Cd) for lower weirs. The
actual flow over the weir will be less
than the ideal flow because the
effective flow area is considerably
smaller than (H*L) due to drawdown
from the top and contraction of flow
from the crest below [4].

In the case in which there is bed
curvature, equation will contain
additional term due to bed curvature
[7]. This effect included in eguation
(7). Since the flow lie in vertica
curved plane, thus subjected to
normal accderation in addition to
tangential acceleration and it may
used to conclude that a decrease of
velocity is to be expected with
increase of distance from center of
curvature [9]. Which result in
decreases in discharge coefficient as
radius of curvature increased as
shownin figure (10).

The pressure gradient over the crest
of semicircle broad crested weir
result in increasing discharge
coefficients illustrated in equation
(1).A decrease of piezometric head
due to centrifugal acceleration
necessarily induces a corresponding
increase of velocity head as given in
equation (3).
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Conclusions
The main abjective of thisstudy isto
edtimate the discharge coefficient for
semicircular crested weir. The
experimental results and theoretical
discharge equation show that the
discharge coefficient increases as the
head upstream the weir crest
increased, the degree of curvature of
over flowing has a significant
influence on (Cd) and the discharge
coefficient  increases if  the
streamlines  curvature  increases.
Thus the discharge coefficient is
depends on shape and type of the
measuring structure.
The pressure didribution varies
along the weir surface and thereis a
trangtion from hydrostatic to
hydrodynamic pressure forces as the
flow moves in curvilinear vertica
plane however the determination of
these forces are calculated from
flow-net analysis.
From practicd experiments
there are three different value of (C)
related to (H3/2) these values are
depend on the shape of approaching
channel section and to the power of
the head above the crest level. Each
of the empirical stage-discharge
equations (1, 2, 3) of this type have
been derived for that structure only.
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Table (1) coefficient values for models.

Type of | weirradius(cm) | (C) vaue
model

Modd | 4 1.7648
Mode Il 6 2.1898
Modd |11 7 21747

ForE=4cm
q=001444 m?s 1w

Figure (1) Flow pattern over the model. (1)
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b) pressure distribution

a) keyto symbols

Figure (2) convex flow

b.:
23 A

e
IJ.
—

L

Figure (3) Flow-net diagram for model (1).
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Figure (5) Definition sketch for momentum consider ations.
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Figure (10) average dischar ge coefficient VS. radius of curvature

Figure (11) velocity distribution on crest of the model
(after M. Heidar pour, 2008)
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Appendix (A)
Experimental Data

Laboratory measurement for model (1) with (R = 4 cm) (the measured at equal distance of (1 cm) from the center line)

Q Upstream CL downstream
(I/s)
1098 | 7.88 | 7.88 | 7.88 | 788 | 788 | 783 | 7.7 |763|749|735|71 | 683|627 |56 48539430923 |18 |159|145|14 |125
0.972 77277 |768 |76 |755|75 |74 |721|71 689|654 |609 54 |455|367 267|198 |15 |127 |12 |112|112
0.78 72 |72 |72 |72 |72 |72 |71 |704|69 |67 |635|6.08|553|486|361|346(168|12 |1 1 0.92
0.714 69 |69 |69 |69 |69 |68|68 |663|646|6.19 (57352545 |33 |21 [136|09 |0.86
0.62 6.72 | 6.72 | 6.72 | 6.72 | 6.72 | 6.72 | 6.62 | 6.46 | 6.2 | 6 564 518 43233 |19 |099|084|0.75

Laboratory measurement for model (11) with (R = 6 cm) (the measured at equal distance of (1 cm) from the center line)
Q (/9 Upstream CL downstream
1229 |99 |988|98 |9.76|97 |964|96|945/934|9.14 |89 |863|825|778|72 |65 |54 |444|315|244|184|154|133
1209 |97 |97 |97 |97 |953|953|94/924 |92 |9.05|861|843|8 754169 |51 |39 |299|216|15 |13
1083 |95 |95 |95 |95 [944|934|93/92 /906|984 |86 |83 |8 762|684 |595|496(368|27 |19 |154|125
0980 [935[935[935|935|93 (92 [91/904 89 |87 |85 (824/788|74 |677|59 |48 (35 [247|17 |12 |1
0.9337 914191 |904|898|89|875|86 |835|8 81 |77 |72 |65 |564|49 |31 |205|134 108
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Laboratory measurement for model (111) with (R = 7 cm) (the measured at equal distance of (1 cm) from the center line)

Q (/s Upstream CL Downstream

1.25 10.72 | 106 | 106 |105 |1044|1032|102|10 |992|95 |914 |86 |81 |74 |65 |598|498 298 215|164 |1.32
0.9868 | 10.26 | 10.26 | 10.26 | 10.17 | 10.1 | 10 99 |97 |951(92 |89 |845|78 |71 (626 |51 |375|26 |177|12 |11
0.8282 | 9.9 9.9 99 9.9 99 9.7 96 |9441925|9 86 |82 766|691 |59 46331 |29 |132|1

0.7587 | 9.67 |9.67 |967 |967 |965 |95 94 |92 908|884 |85 |809|76 |68 |57 |446|277|175|115|0.86|0.75
0.6622 | 9.5 95 95 942 |93 925 |92 1902|892/862|83 |79 734653554 44 26 |15 |1 0.75
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