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ABSTRACT

This paper present the effect of the lower gate lip on the coefficient of contraction, velocity and discharge which have
been made in a rectangular flume with four gates opening from (2 to 4.5) cm, five different discharges from (6.2 to
18.15) I/s and five different gate cases (vertical and inclined vertically) by angle (45)° with and opposite flow direction
with horizontal and sharp lower lip. The values of coefficients of contraction (C.) and discharge (Cy) increases when
gate slope increases with flow direction and the lower lip is horizontal, these increases are (16)% and (18)% respec-
tively, while these values decreases when gate slope increases opposite flow direction and the lower lip is horizontal
these decreases are (13)% and (11)% respectively. The values of coefficient of velocity (C,) remain constant and don’t

effect with changes of gate slope or gate lip.
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1. Introduction

Gates have been used as a hydraulic structures to control
and rises the U.S. water level, so, its used in irrigation
structures to ensure water to the lands.

The gates design as aflow get out under them, so, they
called under flow gates which is hydraulically similar to
the discharge through orifice, and also it may design to
allow the water flows over it, so, the gates called the over
flow gates, which is hydraulically similar to the flow
over weirs.

Because these important, more authors' deals with
studied the flow hydraulics for vertical gates but with
developed since and wildly used of gates in more of hy-
draulic structures, so, there is very important to study an-
other cases such asthe inclined gates.

Many studies have been made to study free and sub-
merged low discharged through the sluice gate, some of
these studies deals with the discharge characteristics of
the sluice gate Rajaratnam & Subramanya [1] others
deals with characteristics of the stream emerging from
under the gate, concentrating on the coefficients of con-
traction, discharge and velocity of this stream of flow
Fangmeier & Strelkoff [2]; Isaacs [3]; Rajaratnam [4];
Cheng et al. [5]; Masliyah et al. [6]; Montes [7]; Hager
[8].

In this paper the flow characteristics of coefficient of
contraction, coefficient of velocity and coefficient of dis-
charge have been studied for flow pass underneath verti-
cal and inclined dluice gates with (45)° angle with and op-
posite flow.
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2. Experimental Work

The Experiments take place in a rectangular flume with
(20) m long, (0.3) m wide and (0.45) m depth with glass
walls and aluminum bed, contain weir (0.3) m wide and
(0.15) m depth in the DS of the channel for discharge
measurements.

The gate has been made from wood (30) cm wide, (40)
cm height and (6) mm, thickness with straight edge and
installed at (2.9) m from the channel entrance vertically
and inclined verticaly at (45)° with flow direction and
opposite it with horizontal and sharp edge Figure 1 shows a
definition sketches for all cases.

Four gates opening (a) used (2, 3, 4, 4.5) cm and five
US water levels (Hg) between (18.9 and 28.9) cm for all
gate cases.

More than (60) experiments have been done and from
which al theoretical calculated has been made.

3. Coefficients of Contraction

From the experimental results shows the vaues of (C.)
for vertical gate changed from (0.625 to 0.685) and the
average vaue (0.661). The values of (C.) for other gate
cases showsin Table 1.

The values of (C.) with (Hy/a) for al cases have been
drawn in Figure 2, it could be seen that the values of (C,)
increases when gate slope increases with flow direction
and horizontal gate lip, while decreases when gate slope
increases opposite flow direction and horizontal gate lip .

The average values of (C.) for gate inclined with flow
direction increases by (18)% for horizontal edge and
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Figure 1. Definition sketch of duice gate. (a) Vertical with horizontal edge; (b) Inclined with flow direction and sharp edge; (c)
Inclined opposite flow direction and sharp edge; (d) Inclined with flow direction and horizontal edge; (€) Inclined opposite
flow direction and horizontal edge.

Table 1. Boundary of coefficients of contraction values.

Boundary of Coefficients of Contraction Values

Montes’ Nago Noutsopulos Rajaratnam Fangmeir & Rajaratnam,

() €) Fanariotis (9) e Srelkoff (2)  Sbramanya(l) resentwork Gate cases

Avr. Min. Max. Avr. Min. Max Avr. Min. Max. Avr. Min. Max. Avr. Min. Max. Avr. Min. Max. Avr. Min. Max.

06 059 061 06 059 061 0.66 0.63 0.69 0.65 0.63 0.69 0.59 0.58 0.61 0.61 0.59 0.66 0.66 0.62 0.68 Vertical

Inclined (45) with
0.76 0.75 0.77 flow and sharp edge
Inclined (45) with
- - - - - - - - - - - - - - - - - - 0.78 0.77 0.78 flow and horizontal
edge
Inclined (45)
i, - - R - - - - - - - - - - - - - - 058 0.57 059 oppositeflow and
sharp edge
Inclined (45)
. - - - - - - - - - - - - - - - - - 057 056 0.58 oppositeflow and
horizontal edge

0.73 0.72 0.75 073 0.7 0.75
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(16)% for sharp edge compared with vertical gate.

While decreases by (13)% for horizontal edge and
(11.8)% for sharp edge when gate inclined opposite flow
direction because effected the boundary layer (Nago [8];
Montes[7]).

Table 1 shows compared the values of (C;) for the
present work with Rajaratnam & Subramanya [1]; Fang-
meier & Strelkoff [2]; Rgjaratnam [4]; Noutsopoulos &
Fanarotis [10]; Nago [9] and Montes [7]. The experi-
mental values for the present work is similar with some
of past research and different from others because the
nature of gate and the experimental channel used Hager
[8], so, these values higher than the theoretical by (6)%
for horizontal edge and (4)%) for sharp edge compared
with vertical gate. This different observed by Fangmeier
& Strelkoff [2], Rajaratnam [4], Isaacs [3], Fanariotis &
Noutsopoulos [10] and Cheng et al. [5], because of the
boundary layer in the channel bed.

Boundary layer in the channel sides and upstream of
gate contact with water surface (Betts[11]; Montes[7]).

4. Coefficient of Velocity

The experimental values of (C,) changed from (0.925 to
0.999) in Table 2. This little different in vaues shows
the actual velocity was similar with theoretical. Figure 3,
shows the values of (C,) with (Ho/a) for al cases, dll
values variation between (0.92 to 1).

5. Coefficient of Discharge

The values of (Cy) actually issimilar with (C.) and shows
these values for vertical gate changed from (0.596 to
0.674) and the average value (0.645) while for other gate
cases showsin Table 3, and the values of (Cy) with (Ho/a)
for all cases have been drawn in Figure 4, it could be
seen that the values of (Cy) increases when gate slope in-
creases with flow direction and horizontal gate lip, with
decreases when gate slope increase opposite flow direc-
tion and horizontal gate lip.

The average vaues of (Cy) for gate inclined with flow
direction increases by (17.8)% for horizontal edge and
(17)% for sharp edge compared with vertical gate. While
decreases by (12.4)% for horizontal edge and (10.8)% for
sharp edge when gate inclined opposite flow direction,
because effected of the boundary layer (Nago [8]; Mon-

tes[7]).

Table 3, shows compared the values of (Cy) for pre-
sent work with (Ragjarathnam& Subramanya [1]; Fang-
meier & strelkoff [2]; Rajaratnam [4]; Isacs [3]; Nago [8];
Cheng et al. [5]; Modliyah et al. [6] and Hager [8]).

The experimental values for the present work are higher
than values of past research because the nature of gate
and the experimental channel used Hager [9].

6. Conclusions

The average values of (C.) for gate inclined with flow
direction and horizontal edge increases by (18)% and for
sharp edge increases by (16)%, While decreases by(13)%
for horizontal edge and (11.8)% for sharp edge when
gate inclined opposite flow direction, so, the experiment-
tal values of (C.) is greater than theoretical values by
(6)% for horizontal edge and (4)% for sharp edge.

The average values of (C,) remain constant for hori-
zontal and sharp edge.

0.85 T
0.8
° 0.7
(6] AAAA A
065 jaMAMA R E T
0.6 ]
0.55 i!ﬁl v T' i T hal
0-5 L] T

4 6 8H/a1l0 12 14 16

# Inclined (45) opposite flow and horizontal edge
B Inclined (45) opposite flow and sharp edge

A Vertica

X Inclined (45) with flow and horizontal edge
X_Inclined (45) with flow and sharp edge

Figure 2. Variation of (C.) with (Ho/a) for all cases.
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Figure 3. Variation of (C,) with (Hy/a) for all cases.

Table 2. Boundary of Coefficients of Velocity Values.

Inclined (45) opposite flow  Inclined (45) opposite flow

Inclined (45) with flow

Inclined (45) with

and horizontal edge and sharp edge and horizontal edge  flow and sharp edge Vertical Gate cases
Avr. Min. Max. Avr. Min. Max.  Avr. Min.  Max. Avr. Min. Max. Avr. Min. Max. Boundary of
coefficients of
0.987 0.968 0.999 0.987 0.974 0.999 097 0.942 098 098 095 099 097 095 0.998 velocity vaues
0.982 Average
Copyright © 2013 SciRes. Ml



A.Y. MOHAMMED, M. S. KHALEEL 19

Table 3: Boundary of coefficients of discharge values.

Boundary of Coefficients of Discharge Vaues

Rajaratnam,

Sbramanya’ Present work Gate cases
(€h)

Avr. Min.Max. Avr Min.Max. Avr. Min. Max. Avr. Min. Max. Avr. Min. Max. Avr. Min. Max. Avr. Min. Max. Avr. Min. Max. Avr. Min. Max.

0.55 0.53 0.59 0.56 0.54 0.59 0.56 0.53 0.59 0.55 0.53 0.59 0.54 0.53 0.55 0.62 0.6 0.64 0.55 0.53 0.59 0.61 0.58 0.63 0.64 0.59 0.67 Vertica
Inclined

0.7 0.7 (45) with

- - - - - - - - - 060607 - - - - - - - - - - - =075 0 LT
sharp edge

Inclined
(45) with
- - - - - ... . -4 4 - - 4 4 4 4 4 4 4 - - 2076074078 flowand
horizontal
edge

Inclined
(45)
- - - - - - - - - - - - - - - - - - - - - - - -057055059 opposite
flow and
sharp edge

Inclined
(45)
opposite
flow and
horizontal
edge

Hager Magyh etal.” Chengetal. Nago | saacs Rajaratham Fangmer &
® 6) ®) ®) &) 4 Stretkoff’ (2)

- - - - - - 056055058
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