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NOMENCLATURE

upstream water depth

water depth at the vena contracta

tail water depth

sequent depth

distance between hydraulic jump and gate

gate opening

contraction coefficient

Froude number at the vena contracta

velocity of flow

gravity acceleration

discharge of the gate

width of canal

discharge coefficient computed

discharge coefficient measured

coefficient of velocity of approch

actual velocity

theoretical velocity
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INTRODUCTION

Sluice gates are widely used for controlling discharge and water depth in
irrigation and drainage channels. Flows through the gate may be free or
submerged depending on the tail water depth, as illustrated in Figures (1&2),
and the discharge coefficients for the two cases are different. The discharge
through a sluice gate is affected not only by the upstream depth for free flow
but by both the upstream and downstream depths for submerged flow.
Similarly, for a given discharge, the upstream depth is independent of tail
water depth in free flow, but increases with the tail water depth when a gate
operates at a submerged condition. To avoid upstream surcharge and achieve
accurate discharge control, one must be able to determine whether a gate will
be free or submerged, and the hydraulic performance in both free and
submerged conditions must be well understood .The occurrence of submerged
flow is affected by the contraction coefficient. The contraction coefficient
varies with gate opening, upstream specific energy, and gate type [Sluice or
other types.].In this study the experiments were conducted in hydraulic
laboratory (University of Tech.) for collecting a suitable data used to show the
relation between the discharge and gate coefficient. This relation may be
considered as the calibration from which the stage-discharge formulation can
be constructed without need to know or calculate the discharge or gate
coefficient. It should be noted that the laboratory work only free flow

condition in this project.
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THEORETICAL BACKGROUND

Flow contraction commonly occurs below a sluice gate. The degree of
contraction may be represented by the contraction coefficient, defined as the

ratio of the water depth at the vena contracta ( yl) to the gate opening (G) as

shown in Figure 1.

Ce=21 1
G (1)

Under a free flow condition, a hydraulic jump will occur in downstream from
the sluice gate in a horizontal channel. The downstream depth of the hydraulic

jump (yz) (sequent depth) may be calculated by taking the water depth at
vena contracta( | )as an(initial depth).For a rectangular horizontal channel,
the downstream depth for free flows (yz)(sequent depth) can be expressed

as:-

y,= h(~,/1+8Fr12 —1] @)

2

And froud number expressed as :-

Fr=—— (3)



By using Orifice equation for free flow, the general equation for discharge

through sluice gate can be expressed as :-

O=CaCyWG+2gHo

(4)

The discharge coefficient for free flow can be derived from the continuity and
energy equations for the upstream section and the vena contracta, and can be

expressed as :

O=Cd.CvIV.G\2g(Ho+y,) ........... (A)

Q:Cd.W.G\/ngo(HL)
Ho

Q=CdW G+[2gHo 1+-§1— .....
0

But Ce=21 y =CeG
G

O=CdW .G.2gHo 1+Cc-§—
)

By continuity eq.

O, W)\J2gHo =CdWG.|2gHo 1+Cc—1;i
0

)



And the discharge coefficient (measured) can be expressed from the flowing

q
Cdm=—-2m__
WG[2gHo
Or from this eq.
Cd.m=Cv*Ce

And Cv :Coefficient of velocity of approch can be expressed as:-

Cy= Vact.
Viheo.
And Vact. expressed as:-
Vact — Qact .
A(vena)

And Viheo. Expressed as:-

Vtheo.= Aj2gHo

(6)

(7

®)

9)

(10)
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HYDRAULIC EXPERIMENTS

FLUME DIMENSION.

Hydraulic experiments were conducted in the laboratory of the Department of
Hydraulics in university of Technology. The model (canal) consisted of a
(5m) long,(7.6cm)wide,(15cm) deep glass. During the experiments, water was
pumped from a storage tank to a Temporary storage tank through a connecting
pipe. Valves were installed along the pipe for regulating discharge. Discharge
was measured using a volumetric tank with time reading. An adjustable tail
gate was used to set the desired tail water depth. The vertical sluice gate was
installed in the canal. The upstream and downstream water depths were
measured using point gauges with (0.1mm) accuracy. The channel bed was

kept horizontal during the experiments.
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EXPERIMENTAL PROCEDURE:

1. Open gate with initial height and turn on the pump and open the valve

to allow maximum initial flow.

2. Control of tail water gate to select the location of hydraulic jump. The
location of hydraulic jump at distance (twice gate opening) from gate
location.

3. Measure the flow.(using volumetric tank and stop watch)

4. Change the gate opening at different four heights for the same flow.

5. Record the depth of water at locations (Ho,yl,yz) for each gate

opining. (see fig. 1)

6. Repeat steps (4 and 5) for four different flow rates.
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CALCULATIONS AND RESULTS

This Table results from hydraulic experimental.

13

LABORATORY DATA
NO. Q(ma3/s) G(m) Ho(m) Y1(m) Y2(m)}Tail Water)
1 0.001233 | 0.015 0.121 0.011 0.057
2 0.001233 (0.0175 |04 0.012 0.053
Run 1 3 0.001233 | 0.02 0.078 0.014 0.046
4 0.001233 |[0.0225 |0.0655 |0.016 0.0455
5 0.001233 | 0.025 0.0533 0.018 0.0375
1 0.00109 0.015 0.1103 0.011 0.055
2 0.00109 0.0175 | 0.09 0.0122 0.0486
Run2 3 0.00108 0.02 0.0699 |[0.014 0.0462
4 0.00109 0.0225 | 0.057 0.0159 0.0411
5 0.00109 0.025 0.0485 | 0.017 0.0379
1 0.00106 0.015 0.0982 | 0.0111 0.0515
2 0.00106 0.0175 | 0.0751 0.0121 0.0475
Run3 3 0.00106 0.02 0.0625 | 0.0145 0.0428
4 0.001086 0.0225 |0.0515 |0.016 0.0387
5 0.00106 0.025 0.0434 | 0.021 0.0358
1 0.000824 | 0.01 0.1064 | 0.007 0.0472
2 0.000824 |0.0125 |0.0737 |0.009 0.04
Run4 3 0.000824 |[0.015 0.0568 | 0.0112 0.0368
4 0.000824 |0.0175 |0.045 0.0125 0.0336
5 0.000824 [ 0.02 0.0369 | 0.017 0.0298
1 0.000477 | 0.005 0.116 0.0043 0.0356
2 0.000477 |0.0075 |0.0576 |0.007 0.031
Run5 3 0.000477 | 0.01 0.037 0.0083 0.0256
4 0.000477 |0.0125 |0.0278 | 0.011 0.0219
5 0.000477 | 0.015 0.0265 |0.014 0.0173

Table.1




This Table results from equations in chapter two.
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Table.2

NO. | W(m) | Y2.c(sequent depth){m}) Cd.c Cd.m Ho/G

1 10.076 0.064 0.588167 | 0.70196594 | 8.066667

2 | 0.076 0.0611 0.579836 | 0.6618536 | 5.714286
Run 1 3 |0.076 0.055 0.567249 | 0.65572643 | 3.9

4 10.076 0.05 0.55465 | 0.63605814 | 2.911111

5 10.076 0.046 0.537885 | 0.6345946 | 2.132

1 |10.076 0.056 0.586171 | 0.64985665 | 7.353333

2 10.076 0.052 0.576754 | 0.61674282 | 5.142857
Run2 3 10.076 0.048 0.562855 | 0.61234309 | 3.495

4 10.076 0.0439 0.547622 | 0.60275866 | 2.533333

5 | 0.076 0.0418 0.53335 |0.58213109 | 1.98

1 | 0.076 0.054 0.583424 | 0.66987808 | 6.546667

2 | 0.076 0.051 0.570781 | 0.65657562 | 4.291429
Run3 3 10076 0.045 0.557968 | 0.62975666 | 3.125

4 |0.076 0.0424 0.542034 | 0.61667542 | 2.288889

5 |0.076 0.0341 0.524736 | 0.60458574 | 1.736

1 [0.076 0.055 0.593232 | 0.75040083 | 10.64

2 0.076 0.047 0.5807 0.72130736 | 5.896
Run4 3 10.076 0.0409 0.566104 | 0.68469742 | 3.786667

4 |10.076 0.0379 0.548411 | 0.65935577 | 2.571429

5 |0.076 0.0299 0.528813 | 0.63711956 | 1.845

1 [0.076 0.041 0.602135 | 0.83206315 | 23.2

2 |0.076 0.0305 0.587129 | 0.78719582 | 7.68
Run5 3 10.076 0.0272 0.565187 | 0.73663852 | 3.7

4 |0.076 0.022 0.540378 | 0.6798653 | 2.224

5 |0.076 0.017¢9 0.525924 | 0.58028466 1.766667J




This Table results from equations in chapter two.
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Table.3
NO. Ce Vtheo. Vact. cV
1 0.733333 1.5407 1.474 0.957
2 0.685714 1.4 1.351 0.965
Run 1 3 0.7 1.237 1.158 0.936
4 0.711111 1.133 1.013 0.884
5 0.72 1.022 0.801 0.881
1 0.733333 1.471 1.303 0.886
2 0.697143 1.328 1.175 0.884
Run2 3 0.7 1.171 1.024 0.874
4 0.706667 1.057 0.902 0.852
5 0.68 0.885 0.843 0.856
1 0.74 1.388 1.256 0.905
2 0.691429 1.213 1.152 0.949
Run3 3 0.725 1.107 0.961 0.868
4 0.711111 1.005 0.871 0.867
5 0.84 0.822 0.664 0.719
1 0.7 1.548 1.548 1
2 0.72 1.202 1.202 1
Run4 3 0.746667 1.055 0.968 0.917
4 0.714286 0.939 0.867 0.923
5 0.85 0.85 0.637 0.748
1 0.86 1.508 1.459 0.967
2 0.933333 1.063 0.896 0.843
Run5 3 0.83 0.852 0.756 0.887
4 0.88 0.738 0.57 0.772
5 0.933333 0.721 0.448 0.621
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Discussion

. In fig.(4) we find the increasing rate of (Ho/G) will increase the value of
(Cd.m) until approaching the rate of (FHo/G) to (10) the value of (Cd.m) will
be constant and the figure express the equation and higher correlation
coefficient between them .

. In fig.(5) we find the distribution of points upper the line and lower the line .
The lower points are presented over estimate and the upper points are present
under estimate.

. Fig.(6) Refer to the relation between the ¥Y2m and gate opening which is

extrusive relation . So as to the value of Y2 will decrease when the gate
opening is decrease and the correlation coefficient is higher between them.
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