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 ABSTRACT

. Laboratory measurements have been made to study the local
t'scour phenomenon in a sand bed that occurs in an expansion outlet
Min open channels. Experiments were carried out for various
expansion ratios, transition angles and efflux wvelocities using
one sand size as a bed material. Dimensional analysis to develop
non—-dimensional terms affecting the phenomenon were obtained based
on the experimental data. An empirical formula +Ffor the maximum
il depth of scour is developed and could be used for similar flow
Yconditions.

INTRODUCTION

The equilibrium depth of scour 1n cnannels constricted by
either hydraulic structures ( pier., abutment, etc. ) g change in
geometric shapes of channel 1 transition sections ) 1s one of the

most important problems to be cans:dered in tha desian ot  apron
and longitudinal cross saction of flow. AN open channel expansion
may be defined as an iricrease in cross secticnal area 1o the
direction of flow, thereby reducing the mesn velocity of flow. The
flow conditions in the outlet af channel are comolicatsd ov
likelihood of flow separation along the axpansion 1+ the rate of
changa of cross sectioh area is too rapid.
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Mapy investigators have been published results on vario
aspects of this problems 1n the past, particularly an lac
erasian at various types of abstructiaon [ 2, 4, 7, 11 and 12
One of the situation that has attracted consideratle attentian
the scour around bridge pilers [ 7 1. Most previouws studies on G
expansiaon topic dealt wWith the problem +ar reducing the ener
loss and flow candition particularly in supercraitical +1
condition [ 1. 3, 5, & and 10 1.

In this paper, the local scour due to expansion of channe
were considered. TWwo types were tested the abrupt and the gradu
with different ratios between the width of channel before a
after expanziaons. Measurements were made of the scour dep
downstream of the expansions for constant flow depth and wvarino
discharges.

EXPERIMENTAL SETUP AND FROCEDURES
Flume

The sxperimental investigat:ion was performed 10 3.5 m lc
fived-bed flume that hazs a rectangular cross sectiaon 2.29 @ ha
hy O.5 in wide as shown 1n Fig. (1). The +iume test section whi
starts 1.2 m from the entrance secti:on was modified ED  ree
different expanding ratins. The downstream end of tha flume
Q.F m wide that represent the outlet of sxpanding ratio. The =i
walls were constructed of pnainted wooden sheets to Jive a smoc

sUrface.
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Fig. {1} Schematic Diagram of Labaratory HModel.
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Aall model! auypansions measudred 1.2 m long had differant

upstream width of 0,12, ¢. 1B and 2.24 m to give the expanding
ratiogs as n.3, .4 and .8 which related to the downstream width.
Sand Bed

The experiments have been perfarmed using one ercodible  bed.
Fig. {2} shows the grain size distribution curve of the sand used.
A sieve analysis i1ndicated the median grain size, d-a’ 15 9.45 mm
Wwith geametric standard deviation of Z.14. -
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Fig. (2} Grain Sire Distribution Curve.

Expansion Models
Three expansion ratios (r= 0.4, &,.& and 0.8) were provided 1n
R - - - . —_ A"
the series of testz=. Ditferent transitian angles ( & = 307, 45° o4
L168° 28 ana 9° 3% ) were used with each expansion ratiao.

Test Program

The test program wae designed to wnvestigate the scour
characteristics. It consistea of four =eries of runs with each

expansion ratino moael, 1.2. the different transition angles.
Experimentsal runs  have besn conducted considering different
discharges ramnging from 3.0 to 11.0 1/5 with s constant water

depth of B om vpstream the sxgpansion. Table 1 shows the detaiyl of
the experimental data.
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Table 1. Significant Tast Data.
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After the final adjustment, flow was 1ntroduced slowly at
lume’s upstream end. The flow rate was gradually 1ncreased until
he desired discharge was achieved, The discharge and approach
lepth, Y, were kept constant through the test period. It should
ilso be noted that the flow was subcritical open channel flow, and
10 hyoraulic jump was observed i1in the test section during the
bxperiments. Each test was allowed to continue for about 2.5 hr
seriod to ensure that an equilibrium scour condition had been
‘@ached. At this time, flow to the system was halted and the gate
slowly lowered to expose the local scour pattern for measurements.

A total of 59 individual tests, combining different expansion
-atios wWith different angles and several discharges were performed
in the course of this =study.

DIMENSIOMAL AMALYSIS

Scour geometry depends on many wvariables that characterize
the expansion model. These variables are the upstream width b, the
downstream channel width B, the +Fflow depth ¥, the effective
particle =size of bed material dm, tail water depth VYt, app+oach
velocity Vo, the density of bed material pw, the water density o,
'the dynamic viscosity of water u, the angle of erpansion &, and
the acceleration due to gravity g. Thus if ¢ represents any
dimension of the scour hole, then

¢ = F ( b, By, ¥, Vo, Y, dm &, p 3 Pr o Ha g’ (1)
Applying the Buckingham (I-theorem ( Rouse, 1938 ), with ¥, V-, and
‘2 as repeating variables, the following equation is arrived at:

o
b B -
¢=f(T,T,$,$,gv%z,a,-”—U—?, =) (2

The expression ¢ may be represented by the relation depth of
sSCour:

} (2}

In all experiments conducted, the term ¥Yi/Y influences were
assumed negligible since it is nearly constant. Assuming constant
relative density of bed material and the absence of wviscous
effects, Eq. (3) reduces to:

X 2 f (a8, 2 (4)
Y
where: « = (B-b)/Y , 8 = transition angle, Fr = Ao {qYJﬂ/z,

Froude number, and Ye = the maximum scour depth oefined as the
vertical distance from the original Fflat beog elevation to the
deepest point in the stable scour profile.
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RESULTS AND ANALYSIS
influencing Parameters

Individual experiments were arranged according to the
expansion ratios and trapsition angles. Table 1 gives these
experimental data which represents the d:fferent expansion ratios.
benerally the size of scour hole i1ncreases with time til)l it
reaches a stable form. In most of test runs the scour holes showed
symmetrical shapes and the trend of scour hole may be similar. The
rate of scour was significantly rapid during the first few minutes
and slow as scouring progresses with time.

As evidenced 1n Fig. (I} the scour depth increases with an
increase in the Froude number parameter, Fr., This is to be
expected, hecause a decrease in discharge implies & decrease 1n
veloc:ty and hence the erosive power. Fig (3) shows the tranmsition
angle &, affected the maximum depth of scour which decreases as
well as decrease 1n the transition angle. Moreover, the scour
dzpth was reduced when the expansion ratio was nigh, r=0.8.

In order to check if the scour depths are influenced hy the
changes in transition angles, the experimental data Ffor relative
scour depth and radial angle, 28/71, with different Froude number,
F:, have been plotted. It is apparent from Fig {4) that the scour
cenoth (s affected by the transition angle. BGeperally the abrupt
gx¥gansion scour was deeper than the trapsition euxpansion. The
cnanges of scour depth in trapsition evpansions for low ratios
(r=0.4 % 0,&6) are rapidly and more significant +For large Froude
number euxcept for the case of high expansion ratio, r=0.8.

Multilinear Regression Analysis

Following the procedure proposed herein the maximum =scour
depth at equilibrium condition Y¥s, 15 express=d as a function of
three parameters. The general formula is obtained as:

1, 622 0, za4 0. 178
Ya/¥Y = 1.61&4 (Fr) (8/m) (e} s

where Fr is Froude numbar, 9 is transition angle, and a ={ B-h) /Y.

This equation has a multilimnear correlation coefficient of
0.977. The computed values of Ya/Y using the above equatiaon are
plotted against the corresponding experimental data as shown in
Fig (3). 1t should be noteds that this eguation is walid for cases
of abrupt and gradual expansions.
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Fig.(3) Influence of Froude No. on Scour Depth.
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Fig. (4) Influence of Transitian Angle on Scour Depth
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Fig (3) Comparison of Measured Scour Depth with
Proposed Equation (3).

eametry of Scour Hole

Fifty nmine scour holes were observed and documented Ffor a
sand bed material. It was observed that the scour hole dimensions
jenerally increased with time. The most of holes were generally
similar in geometric configuration and few samples appearance 1in
Fig. (&). It is found that these holes have two circular =shapes
around the center line of the channel for ratios of .4 and OU.&
and elongated to aval shapes. In case of a ratio of 0.8 the holes
have circular shapes in the center of channel. This means that
mean flow patterns become more symmetrical and steady with
1ncreasing an expansicn ratio. It was also aobserved that the
deepest scoudr point at a distance La. ranging from 0.31 to 0.34
of scour length measured from expansion outlet, LTe.

CONCLUSIONS

Faor the laboratory study carried out to get the local scour
in a sand bed outlet model expansions, the following findings and
iobservations may be summarized as follows:

1. The observed scour holes were found to be simrlar in geometric
caonfiguration and appearance dependent cn expansion ratios and
transition angles.

2. The maximum depth of local scour was found to vary with efflux
velocity, tranmsition angle and essentaally increases with
increase the Froude number and transition angle.
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The maximum scour depth occurred at approximate  {(O.31-0.24) of
the maximum length of scour hole measured downstream from
expansion autlet.

The formula developed for estimating the scour depth mav be
used to get the maximum depth of scour. yet more sStudies are
needed using various sands as bed material and a wider range of
flow depths.
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NOTATION

The following symbols are used in this paper:

b upstream width aof channel,

B downstream width of channel,

dm mean diameter of bed material,

Fz Froude MNumber,

g acceleration pf gravity,

Ls ma¥, length of deepest scour,

Lta= total length of scour measdured from expansion outlet,

/B, expansion ratio,
mean approach flow velocity,
upstream water depth,
maximum scour depth,
tail water depth,

(B — b)/Y,

viscosity of water,
kinematic viscosity,
transition angle,

water density, and
density of bed material.
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