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ABSTRACT

At the end of canals and drains constructed tail or end escapes to remove the excess
discharge. Its constructed from vertical circular weir, upstream pipe hole and pipe
culvert connected at downstream bottom of circular weir. The main objectives of this
research are studying effect of circular weir heights, and diameters on the discharge
coefficients of circular weir, upstream pipe hole, and pipe culvert at different flow
parameters. The research conducted through experimental, dimensional analysis and
statistical analysis. The diameters of circular weir are 10.16cm, 12.70cm and 15.24cm
with different heights of circular weir 29cm, 31.5cm , and 34.0cm. Pipe hole have
diameter 2.6cm fixed at upstream bottom of weir and pipe culvert have diameter 7.6cm
in downstream. The research results indicated that the increases in heights and decreases
in weir diameters causes increases in discharge coefficient. For combined weir, pipe
hole the optimum ratio of (Hw/P), and (ho/do) are 0.1, 10 respectively which give
average discharge coefficient equal 0.6. The increase (Hw/p) more than 0.1 decreases

from efficiency of weir and vise verse for upstream pipe hole.

INTRODUCTION

In Egypt, the end irrigation structures control for head and discharge at the end of
irrigation and drainage networks. Also help to protect earthen water way in upstream
against failure due to remove excess discharge to downstream. The present research
study combined of upstream pipe hole, vertical circular weir and pipe culvert. Different
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previous research studies circular weir, and pipe culvert individual but we combined
between the three hydraulics tools to deduce optimum design to hydraulic
characteristics parameters. Chanson, H. and Montes, J.S.[1]described new experiments
of circular weir outflows with eight cylinder sizes for several weir heights and for five
types flow conditions. They decided the circular weir affect on the flow characteristics
in upstream weir. Rahim, N. O. A,, et al.[2] improved that experimentally the discharge
coefficient for circular weir was greater than semi- circular weirs under free flow and
submerged flow conditions. Ghobadian, R. and Meratifashi, E.[3] modified theoretical
stage-discharge relation for circular sharp crested weirs. Gamargo, S. A..et al.[4]
determined relationships between the discharge coefficient and the ratio of head on and
radius of morning-glory spillway. AKhanmeneh, H. Z., et al.[5] studied the effect of
semi-circular side weirs on hydraulic properties and discharge coefficient. They proved
that the semi-circular weir give high coefficient value when comparison with
rectangular weir. Kumar, S., et al.[6] studied experimentally the discharge coefficient of
sharp crested weir of curved plan-form. They found that gain about 40% in discharge
over curved weir with vortex angle 90°. Severi, A., et al.[7] investigated experimentally
discharge coefficient changes of moveable cylindrical weir gate. Bagheri, S.and
Heidarpour, M.[8] studied overflow characteristics of circular crested weir to
determined discharge coefficient and velocity values over crest with an rotational
vortex. Vatankhah, A. R.[9] presented equation to flow over circular crested sharp weir
to measure flow discharge. Gonzalez, J. A.[10], Damisse, E., et al.[11] discuss the rating
for pressure flow in gated culverts with weir-box inlet. Castro-Orgaz, O., et al.[12]
examined experimentally simplified models incorporating streamline curvature effects
for critical flow over circular crested weirs.

EXPERIMENTAL SETUP

The flume used in this work is of relatively large-scale size (30 cm bed width). It is
rectangular and re-circulating flume with a closed operating system. The overall length
of the flume is 15.6 m, which is divided into three parts which are the inlet, the outlet
and the working section of the flume. The length of the inlet, working section and the
outlet parts is 1.7, 12.5 and 1.4 m respectively. A general view of the flume is shown in
figure 1.

The sump tanks consist of five tanks, which are made from fiberglass. The first tank has
dimensions of 1.15 m long, 0.6 m wide and 0.85 m deep. The remaining tanks have the
same dimensions (2.25, 0.7, and 0.6) m. The first tank is connected to the second tank
by flexible rubber connection. The other tanks are connected to each other by P.V.C
pipes with diameter of 0.25 m through rubber connections. The first and last tanks have
a drain valve at the lower part of their sides to drain the water of the sump tanks when
required. The flow system is a closed circuit as the flume is re-circulating type. The
flume takes its water from the sump tanks through a 0.1lm-feeding pipe, which is
connected to the pump. The tail gate consists of an aluminum plate, which is fixed at the
end of the working section. Rubber sheets at its both sides are provided to prevent
leakage at its connections with the outlet sides. The gate is pivoted at the bottom of the
outlet tank through a rubber connection to be watertight. The submerged flow can be
obtained by controlling the tail gate opening. The tail gate can be moved by using a
hand driven gear system fixed at the top of the outlet tank.
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The tested models are vertical circular weirs have diameter 10.16cm, 12.70cm and
15.24cm with different heights 29cm, 31.5cm and 34cm. The pipe culvert fixed at depth
10cm from channel bottom and its diameter 7.6cm. Pipe hole with diameter 2.6cm fixed
at 6cm from weir bottom level in upstream. The channel flow discharges measured
ranged between 0.5l.t/sec to 6.5lit/sec . The number of experimental run for the research
is 300 runs. Each run measure upstream and downstream water depth, water depth
above weir, water depth inside weir, and flow discharges at different weir heights and
diameters. Also all data collected at weir only and at combined weir with upstream pipe
hole.

Figure 1 Experimental work arrangement

MATHEMATICAL APPROACH

Different parameters as shown in fig.2 are control for flow criteria and characteristics.
Its parameters are channel bed width b (L), circular weir diameter D,, (L), circular weir
heights P ( L), head above weir Hy, (L), Pipe culvert diameter d. (L), head above culvert
hiw (L), diameter of pipe hole at upstream weir d, (L), head above pipe hole in upstream
weir h, (L), upstream water depth h,s (L) , downstream water depth hgs (L), flow
velocity v(L.T™Y), and flow discharge Q (L3.T™?). The fluid characteristics are fluid
density p (M/L%), dynamic viscosity u (F.L™2.T). Apply continuity equation, energy
equation, and momentum equations [16,17] to find the discharge coefficient equations
from measurements collected data..

ll “ do d. Pipe Culvert

Figure 2 Schematic diagram to research problem
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This structures known by tail escapes, its combined between circular weir, pipe hole in
upstream and pipe culvert in downstream. By applying first principle of fluid mechanics
and open channel theories, we deduce the the discharge equations for each structures
and at combined.

Discharge coefficient of circular weir
For circular weir[8],

Qw =_ .Caw -TT. Dy, \/ Hls (l)

de & = 0.0344 * )
2.7.Dyy.. Z.gHZ
Discharge Coefficient of downstream pipe culvert
French, and Chow[ 13& 14 ] discuss the different pipe culvert equations at different
flow condition and find that:

D H15

Q= Cyc*a; * \/29 * (hjy — hqs) (3)
_0.0918+Q.  _ 0.0918+Q,
Cac = . Trmhas ~ s @)

Discharge Coefficient of Upstream Pipe Hole
Pipe hole is known by orifice meter, the discharge equation can be written as follow,

Qo=Cdo*ao*\/2.g*ho %)

0.0918%Q,
Cdo = dZ«hQ50 (6)
For Case of Weir and culvert without pipe hole
From continuity equation, Q,=Qc, then

2

5-Caw -m.Dy. /2.9 g-HY® = Cye xa. *+/2g * h, (7)
dC hC

Caw=0.375 * Cqc * (55 W) X /E 8)

Combined between circular weir, upstream pipe hole and downstream
pipe culvert

For continuity equation the total discharge equal the summation of upstream pipe hole
and circular weir and equal the discharge of downstream pipe culvert.

Qmeas = Qo + Qu )

In which Qmess IS the measured discharge, then

Qmeas = Qc = Caaqw * (Qoth + Q,,th) , in which Q.th, and Quth are theoretical
discharge of weir and orifice respectively.

_ Qmeas
Coay = (Gor V20 g+ Acy 29 1) (10)

In which Cyg,y is the discharge coefficient in combined flow cases.

DIMENSIONAL ANALSIS
The relationship between the flow discharge over circular weir, upstream pipe hole and
downstream pipe culvert and the other dependents parameters can be deduced by
dimensional analysis. The dimensional analysis relationship used to check the
sensitivity of the different parameters which affect on the above equations. The general
function can be written as follows;

f(Q.p, 9,1, V6, P, Dy, Hyy, b, ha s, M5, de, do, oy B ) (11)
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Using the dimensional analysis Buckingham's & theory in which p, Hy, and v are
selected as repeated variables representing fluid properties, pipe geometry
characteristics and the flow characteristics respectively, then:

The discharge coefficients can be written as follows;

Cow = 1 (5 5555 "
Cao = f (2. 52,2 )
Coc = f [Pt 2o 2 20 (14) and
Cam = 21 e

RESULTS ANALYSIS AND DISCUSSION
Relationship between Cg,, and (H,/Dy)
Figure 4 shows the effect of the circular weir heights on the weir discharge coefficient.
The relationship between Cq4, and (H,/Dy,) indicated that the weir discharge coefficient
decreases as the ratio (H,/Dy) increases and increases as the weir heights increases. We
noticed that the average increases in weir discharge coefficient is 67% as the
percentage in weir heights increases by 14.7%.
1.6 1
14 O p=29cm
12 1
1] oM
£0s | SRy
o 1 3
0.6 -
04
02 -
o -

0O P=31.5cm

A p=34cm

Fig.4 Relationships between (Hw/Dw)and Cdw at different weir
heights.

Relationship between Cg,, and (H,/P)

Effect of weir diameters on the circular weir discharge coefficient at different ratio of
(Hw/p) shown in figure 5. It indicated that the circular weir discharge coefficient
decreases as the ratio of (Hw/p) and weir diameters D, increases . The average
decreases in Cqy IS 42% as the increases in weir diameter by 32%. This means that the
increases in weir diameters causes decreases efficiency of weir and also the increases in
Hu/p above 0.1 causes decreases in weir efficiency.
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Fig. 5 Relationship between Cdw and Hw/P at differents
circular weir diameter

Relationship between head - discharge for circular weir

Figure 6 shows the relationship between weir discharge (Lit/sec) and head above weir
Hw(cm) to trace effect of weir heights and diameters on the weir discharges. The figure
indicated that the increases in weir heights have big effect when compared with
increases in weir diameters. The minimum flow discharges occurred at weir diameter
=10.16cm, and weir height=29cm. The co-relation between head and discharge can be
written as follows,

Q,, = 1.037 * (H,,)+377 , R?=98.4% (16)
Also the maximum circular weir flow discharge occurred at weir diameter =15.24cm,
and weir heights=34cm. The regression analysis to co-relate between H,, and Q,, can be
written as follows;

Q, = 2.074 * (H,,)"*? , R?=98.4% (17)

All measured data closed between the two above equations.

The variation in the weir flow discharge depend on weir diameter and height

50
_ 45
o 40 - © D=10.16cm, P=29cm
=
= 35 4
2 :
= 30 o
g:o 25 QO
2 20 - 08
(%]
a 15 1
= 5
0 .
0 2 4 6 8 10 12

Head above weir Hw(cm)

Fig. 6 Discharge head relationship for ciircular weir at different
heights and weir diameters
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Relationship between Cg, and (h,/d.) for downstream pipe culvert
Tail escapes have downstream culvert fixed in circular weir to remove the weir
discharge to downstream water ways. Figure 7 shows the relationship between culvert
discharge coefficient C4c and the ratio of head above culvert to culvert diameter (hc/dc)
for free flow. The figure indicated that the discharge coefficient decreases as the ratio of
(he/dc) increases. The regression analysis of experimental data at all flow cases can be
written as follows,
Cqc = 0.784 — 0.069 * (h./d.) — 0.009(h./d.)? , R*=94.7% (18)
0.75 1
0.7 1
0.65 -
0.6 -
5 0.55
O 05 -
0.45 1
0.4 1
0.35 -
0.3 1
0 0.5 1.5 2 2.5 3 3.5 4

hc/dc
Fig. 7 Relationship between C,. and h_/d_

[EEN

Relationship between head- discharge for downstream pipe culvert
Figure 8 shows the relationship between h. and Q. for downstream pipe culvert. The
pipe culvert flow discharge increases as the head increases. The regression analysis
between Q. and h. can be written as follows,

Q. = 1.204 * (h,)%*7 ,R?=90.6% (19)

For maximum flow of weir at Hy,=12cm, then Qw=6.39lit/sec, for continuity apply in
equation 18 the pipe culvert flow discharge =6.00lit/sec, then the maximum difference
error is 6.1%. For minimum flow Qw=2.12Lit/sec, and Qc=2.01lit/sec , then the
minimum error is 5.2%. Then the error in measured range between 5.2% and 6.1%.

7 -

(6] (o)}

Culvert discharge
Qc(Lit/sec)
I

w

N

Culvert head hc(cm)
Fig. 8 Head- Discharge relationship for pipe culvert
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Relationship between Cg4, and (hy/d,) for upstream pipe hole

The relationship between discharge coefficient of upstream bottom pipe hole in

upstream circular weir and ratio of (h,/d,) shows in figure 9. The equation of computed

Cdo Can be written as follows,

Cgo = 0.098 % (h,/d,) —0.582 , R?=99.8% (20)
14

12 ]
1]
S

0.8 1

06 |

Y . ——
10 12 14 16 18 20

ho/d,
Fig. 9 Relationship between C,, and(h,/d,)

Relationship between Head- Discharge for upstream pipe hole.
Figure 10 shows the head discharge relationship for pipe hole at bottom level of circular
weir. The discharge increases as the head increases and correlation regression analysis
can be written as follows;
Q, = 0.207 * (h,)%473 R?=98% (21)

1.4

1.3 4 Qo= 0_207(h0)0.473

1.2 1 R? =0.980
1.1 ]

1 E
0.9
0.8
0.7
0.6 -
0.5
0.4

Discharge (Lit/sec)

5 15 25 35 45 55
pipe hole head ho(cm)
Fig. 10 Relationship between pipe hole discharge and head

Combined between upstream pipe hole, and Circular weir
Relationship between Cgay, Caw, , Cqer Cqo and H,/p, hd/d,, ho/d, at
different weir diameters

Figures 11, 12 &13 show the relationship between discharge coefficients for combined
circular weir, pipe hole, pipe culvert and average combined versus ratio (Hw/P),
(he/dc)and (ho/do). It indicated that the circular weir have big effect on the average
discharge coefficient. The ratio of (H./p=0.1), (h/d.=1.5) and (h,/d,=10) , is the
optimum value give equal value of discharge coefficient =0.60. For increases in (H,/P,
hJ/d. and ho/d,) cause decreases from weir discharge coefficient, average discharge
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coefficient, little deacreases culvert discharge coefficient and increases discharge
coefficient of upstream pipe hole in upstream. Table 1 show the correlation of
regression analysis of the experimental data for different regression equations:

For upstream pipe hole,

Cao = ay * (F) + by (22)

For circular Weir, downstream pipe culvert, and combined case can be written in the
form,

Caw: Cac) Caay = a1 * (F)b (23)

The coefficient aj, by, b, and F are tabulated in table 1. F=(Hw/p), (hc/dc) or (ho/do)

Table 1 Coefficient of regression analysis of co-relation equations

Model Type a b, R? %
(Hw/P) (hc/dc) | (ho/do) | (Hw/P) | (hc/dc | (ho/do | (Hw/P | (hc/dc) | (ho/do)
) ) )
circular pipe 1.361 0.223 0.012 0.446 0.187 | 1.687 98.6 93.1 92.5
hole
Circular weir 0.025 1.655 3*10° -1.27 -2.34 -6.75 93.6 98.1 90.0
pipe culvert 0.492 0.71 3.906 -0.29 | -0.79 86.0 89.1 90.1
Combined 0.061 1.375 68498 -0.96 -1.71 -5.06 95.4 97.5 86.7
model
1.2
] O
. S Cdolpipe hole)
5-0.8 OCdw(weir)
§ 0.6 XA -.Aa_ﬁ_&__A____A_(_ch(&ulvert)
'§O.4 I:IEl X Cdav(combined)
202 % B _—
3 . % — =
0 0.1 0.2 0.4 0. 0.6
Hw/P
Fig. 11 Relationship between Cdav, Cdo, Cdw, and Cdc
and Hw/P at different weir diameters and p=29cm
1.2
3
|
c
% 0.8
3
S 0.6
£ 04 Hic Srad
g o
> O Cdw(weir) l:bgu
3 0.2 -I:Eé P
§ A Cdc(culvert) E'E: X—
0
1 1.5 2 2.5 3 3.5 4

Fig.12 Relationship betwggr?chav, Cdo, Cdw, and Cdc
and hc/dc at different weir diameter and p=29cm
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1.2

o

g 1 -
o o .
T 08 9/0,0' < Cdo(orifice)
e O Cdw(weir)
£ 06 L o S
o .\X Nc(culvert)
3 04 S
3 ﬁ% e X Cdav(combined)
5 02 S%‘é é‘é P
- 4t "+ 077 = A -,
o 0

8 10 12 14 16

(ho/do)
Fig. 13 Relationship between Cdav, Cdw, Cdo, Cdc and
(ho/do) at different diameters and p=29cm

Ratio of weir discharge Q,, upstream pipe hole discharge Q, to total

channel discharge Q-+

Figure 14 show the relationship between Qo, Qw, QT and upstream water depth (hu.s.)
in case of combined structures. It indicated that the weir have big effect on total
discharge. The total discharge curve take parrale shape to weir discharge curve. Figure
15 show the percentage of Qo, Qw to Qr as a percentage. The co-relation between Qo/Q+
and Q./Q+ as shown in this figure and can be written as follow,

o\ _ [
(2) =100~ (3) (24)
10 . :
9 ! !
= ! !
3 OO 000 O o
§° XZK'AA AAD A A
= | ]
3 omomoo oood; 00

35 40 45
Upstream water depth(cm)
Fig.14 Relation ship between Qo, Qw, QT and
Upstream water depth (hu.s.)
O Total Discharge QT O Upstream pipe hole discharge Qo
A Circular weir discharge Qw

86 1 | | | |
] | | | |
84 S Ao domooe b
° ] | | |
R | S ol ittt ) Il it
3 o0 ] | it i |
280 fomcmmmm oo X ol
g 80 ] : : AN :
78 f----------- : ——————————— -} ——————————— 1| ——————— to----------
76 - ! — ! !
15 17 19 21 23 25

Qo/QT %
Fig. 15 Relationship between Qo/QT and Qw/QT
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Developed Empirical Equations to compute Discharge Coefficients
From figure 3, 4 and dimensionless equation 14 we deduced the developed equation
and written as follows:

Caw = 0.0805 * (H,,/Dy,) %91+0.0205*(H,, /P) 117 (26)
The equation is valid 0.1<H,,/Dy,)<1.6, and 0.1<H,/P<0.6

1.6
R e e e e B ekt calainta bl
12 J------t-----bom 5 J- - - - -1

1 el b1 -0 ]
08 F---——--r-————==p-—===-=- T OO Ny X ]
0.6 Jr------+------k--- S

Cdw measured

0.4 L ! 1
0.2 1:_ ________________ _—__':e Ei.tting_:Data____
0 | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Cdw Computed

Fig. 16 Relationship between computed and measured
Circular weir discharge coefficient

From equation 17, figures 11 and 12 the developed equation to computed the combined
discharge coefficient in function of Hw/p and ho/do.

Caav = 0.0305 * (Hw/p)~°°7 4 34249 * (h,/d,) 506 (27)
For 10<ho/do<15, 0.1<Hw/P<0.5

1
- 08 f---------
g
206 f[---------
E
e e B
S02 bocooooes --&_meagured Cdav .

— Fittin’g Data
0 Ll
0 0.2 0.4 0.6 0.8 1

Cdav Computed

Fig. 16 Relationship between Cdav computed and
measured for combined weir and hole pipe

CONCLUSIONS
The effect of vertical circular weir heights and diameters on the discharge efficient of

weir, upstream pipe hole and downstream pipe culvert are studied. The main

conclusions can be summarized as follow.
1- The vertical circular weir discharge coefficient increases as the weir height

increases and decreases as the increases in weir diameters.
2- Doveloped head — discharge equations to compute circular weir flow discharge,

culvert discharge and pipe hole discharge.
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3- For combined vertical circular weir and upstream pipe hole the optimum average
discharge coefficient is 0.6 at Hw/p = 0.1 and ho/do = 10 .

4- For combined structure the weir have big effect due to the weir discharge not
less than 72% from total discharge.

5- New statistical Analysis equations developed to compute vertical circular weir
discharge and average combined discharge coefficient and error not more than
6% .

References
[1] Chanson, H. and Montes, J.S., overflow characteristics of circular weirs: effects of
inflow conditions., Journal of Irrigation and Drainage Engineering, Vol. 124, No. 3,
May/June, 1998.

[2] Rahim, N. O. A., Mahmoud M. 1., and Rashid H. M., an experimental investigation
of the coefficient of discharge for circular and semi-circular weirs, JZS Journal of
Zankey Suleimant, April 2004, Vol. &, No. 1.

[3] Ghobadian, R. and Meratifashi,E., modified theoretical stage-discharge relation for
circular sharp-crested weirs, water science and engineering , 2012, Vol.5. No 1, Pp. 26-
33.

[4] Gamargo, S. A, Dolling, O. R. and Varas, E. A.. matematical model of morning
glory spillways using artificial neural networks., International symposium on hydraulic
structures ciudad guayana, venezula, October, 2006.

[5] Khameneh, H. Z., Khodashenas, SR., and Esmaili, K., the effect of semi-circular
side weirs on hydraulic properties and discharge coefficient of side weirs, Journal of
River Engineering, VVol. 2 No. 5, 2014.

[6] Kumar, S., Ahmad, Z, Mansour, T., and Himanshu, S.K., discharge coefficient of
sharp crested weir of curved plan-form, Research Journal of Engineering Sciences, Vol.
1 No. 4, 2012.

[7] Severi, A., Masoudian, M., Kordi, E., and Roettcher, K., Experimental investigation
on discharge coefficient changes of moveable cylindrical weir gate, 7" SasTech , Iran
Bandar-Abbs, 7-8 March, 2013.

[8] Bagheri, S.and Heidarpour, M., Overflow characteristics of circular-crested weirs,
Journal of Hydraulic Research, Vol. 48, No. 4, Pp. 515-520, 2011.

[9] Vatankhah, A. R, Flow measurements using circular sharp crested weir, Flow and
measurements and instrumentation, Vol. 21, 2010.

[10] Gonzalez, J. A., Ratings for Pressured flow in gated culverts with weir-box inlet,
Scada and Hydro data management operations and Hydro data management, sept. 2005.
[11] Daisse, E., Zeng, J. Chen, Z., and Ansar, M., A new flow calculation algorithm for
weir box culverts, World Environmental and water resources congress, May 2007.

[12] Castro-Orgaz, O., Giraldez, J.v., and Ayuso, J. L., Critical flow over circular
crested weirs, J. Hydraulics Engineering, Vol. 134, No. 11, 2008.

[13] French, R. H.(1985), " Open-Channel Hydraulics.", McGraw-Hill, Inc., New York.
[14] Chow, V. T.(1959)," Open-Channel Hydraulics", McGraw-Hill, Inc., New York.

345



