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1- Discharge Coefficient
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4- Falling head (drawdown flushing)
5- Constant head

6- Flow pattern

7- Free outfall

8- Plexiglass

9- Mobile -bed
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1- Potential flow theory
2- 3-D Acoustic Doppler Velocimeter (ADV)
3- Velocity contours



eyl )y 2K o T asdlao

AY by IYAD (Leasli oY oyl (FF Al ey ) Lano § oyl post suwidien &g i | SY

ods..\m
ok \_P"")]
TesCIm o
ey oledts gife  TITCM
} Sl Jlst algd

Sl Jow plodus oS - S

PC
; 63’3.@ L,é e B alSiia
Vfocm |2

F'y

ol o3 — Slas Shass

Vacm FUpeL e oo

L5 s
\"'GEE‘EL
1_ o o .
: > dasld eso)lae
| o g
— s..“‘_.'.‘“'.'-\)‘

:
fied|

u“‘"ﬁ\_)'.::":i—” L —

Yi-cm

HIHHH el

Oleiis O5%e

-«

Shlesl Jue ladu alaio Y JSi

S5l eolaiwl b e jus (6 5505l ploxil 4y ol ol oyl

3o gy gt hao 31 ligS ol Sy J L 5 0 bl
ST o8 Lg e 5 eesS 65 o3l 5 55T @ ol (osS
5 S oo Jiiie Sledbl ol pitas 45 9 0,5 o0 o5l 1,51
Oy oo 0iws 395 > gl ad > 8l e 5l eolaiul
Ghls solatul oy50 olfiws 0,5 Jdow g svalin 1) Sledb
ez 3 St S84S5 eos e gl g5 5l g
oX S 593k Sy plaS o B3 )3 45 09 oaiiST S Jus

Ghlo Jawe yocuils )13 35 ey Jll Jowe g culils 042

3- Rigid stem
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1- Fixed-bed
2- Boundary effects
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1- Non-cohesive sediment
2- Gradation coefficient
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1- Spiral
2- Parallel
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1- Surfer (Surface Mapping System)
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1. Introduction

Orifices are historically used in different hydraulic structures for flow regulation and removal of sediments from
reservoirs. The performance of orifices in drawdown flushing to increase the lifetime of dams is vital. Anayiotos et
al. [1] performed extensive measurements of the velocity contours upstream of an orifice. They have reported that
the shape of the velocity contours at the vicinity of the orifice becomes elliptical. Chanson et al. [2] studied the
characteristics of the flow in an orifice under unsteady flow condition. Their measurement were done by means of
ADV technique. Bryant et al. [3] conducted experiments to study the flow upstream of a small orifice, a large
orifice, an orifice near the free surface, and multiple orifices [3]. Physical and numerical studies were conducted to
quantify the scour or sediment removal upstream of orifices under a falling head [4]. One of the most important
parameters affecting scour characteristics upstream of the orifices is the shape of the orifices. This paper reports the
results of experiments carrie out on the mechanism of scour upstream of square orifices. Velocity profiles before and
after the scour process are compared to understand the flow behavior associated with the equilibrium scour
conditions.

2. Methodology

This paper reports the results of experiments carry out on the mechanism of scour upstream of square orifices.
The variables of the research include heads of water upstream the orifice and size of the sediment particles. The
experimental set-up consisted of an elevated rectangular box for the reservoir and another for the sump. The
reservoir was 1.45m long, 0.55m wide and 1.05m deep. The reservoir was 3.50m long, 2.10m wide, and 1.10m
deep. The square orifice of side a = 6.2 cm was located at the reservoir axis. The orifice centre was located 14.6 cm
above the reservoir floor. The plan and sectional views are shown in Fig. 1.

Finally flow pattern and velocity field was measured by means of 3-D Acoustic Doppler Velocimetry (ADV)
technique. The tests were conducted under constant head of 30 cm (H1), 50 cm (H2), and 70 cm (H3) above the
orifice centre for each sediment size. The runs are referred to as H1F, H2F, H3F, H1C, H2C, and H3C, where F and
C correspond to fine, and coarse sands, respectively.

3. Results and discussion

3.1. Scour hole geometry

The main mechanism of deposited sediments removal is found to be vortex within the scour hole. vortex
dominates rotating either in clock or counter-clockwise directions. The final scour hole dimensions along are stated
in Table 1. The aspect ratio of the scour hole generally increases with the head. The dimensionless longitudinal and
transverse profiles of scour hole along the centerline of the orifice were obtained. Finally flow pattern and velocity
field was measured by means of 3-D Acoustic Doppler Velocimetry (ADV) technique. The results indicate that at
equilibrium state the flow pattern in the scour hole becomes similar to that of unbounded orifice. For the movable-
bed tests, the sediment bed was set at the orifice invert.
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Fig. 1. Physical model: (a) Plan view, (b) Sectional view
Table 1. Scour hole parameters upstream of a square orifice
Test ID dm Wi, L dmfa L/a Wh/a L/Wn Uo
H1F 4 115 9 0.645 1.45 1.85 0.78 1.601
H2F 4.8 125 11 0.77 177 2.01 0.88 1.982
H3F 6 135 125 0.967 2.016 2.17 0.926 2.391
H1C 15 11 8 0.24 1.29 177 0.727 1.543
H2C 2 115 9 0.32 1.45 1.85 0.78 1.965
H3C 2.8 115 10 0.45 1.61 1.85 0.869 2.319

3.2. Transverse scour profiles

The dimensionless transverse profiles of scour hole for all tests at various locations X, upstream of the orifice
are shown in Fig. 2. The scour profiles are shown in Fig. 2, whose mean trend is:

2.3 .
D=—exp(-3.1)Y|™) if-10<Y<10 1)
0.2 0
15 1§
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Y=v/W Y=y/W

Fig. 2. Non-dimens;ional transverse scour depth profiles D (Y): (a) all tests (togethef), (b) all tests (separate)

4. Conclusions

Both the flow and the sediment transport upstream of a square orifice were investigated for fixed- and mobile-
bed conditions. Three different heads on the orifice and two different sediment sizes were used. The dimensionless
longitudinal and transverse profiles of scour hole along the centerline of the orifice were obtained. He scour hole
geometry is similar for different heads and sediment sizes if described by non-dimensional parameters. The
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maximum scour depth increases with the head on the orifice and decreases as the sediment size increases. Finally
flow pattern and velocity field was measured. The results indicate that at equilibrium state the flow pattern in the
scour hole becomes similar to that of unbounded orifice.
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