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ABSTRACT

River training is a process involving constructmnstructures across or along a river.
The most common types of these training structaregyroins. They are mainly used
for bank protection against erosion and for chamebhbilitation and maintenance.
The present study aims for simulating and predictime flow pattern around non-
submerged single groin. A two-dimensional hydrodgitamodel was developed. The
model was physically verified by using experimenegdults of a proposed physical
model. The verification was carried out to assure validity of the developed
mathematical model. Specific runs were conductedctueve this verification. The
model simulation was focused on the study of v&oan the longitudinal and
transverse directions. In addition, the lengthseparating and reattachment points
were also investigated. Two effective parametersewiested through twelve runs
conducted by the model. The first was the conwactatio which is defined as the
groin length to channel width (L/B). Four contractiratios of 0.1, 0.15, 0.2, and 0.30
were used. The second was the groin orientatioteatigee orientation angles were
tested to define three types of groins. Angle 6@rele defines repelling groin type
which was pointing to the upstream direction orapte to flow direction. Angle 90
degree is defining the straight groin or the g@npendicular to flow direction. Angle
of 120 degree defines the attracting type groincwhwas pointing to the downstream
direction similar to flow direction. A finite elemémesh was designed for measuring
purposes. The measurements covered about 48 giits pmterpreted to four
horizontal lines (A, B, C, and D) and 12 verticedss sections from 1 to 12. The study
cases represent several concluding remarks. Fae#tachment length, it was found
that all tested contraction ratios indicated redentbend. The angle represented
repelling groins had longer reattachment lengthsoihpared to the same angles of
attracting ones. Furthermore, the straight groveghe longest reattachment lengths.
The contraction ratio of 0.1 was too short to showticeable effect on the
reattachment length. For the separation point kengite results show that all
contraction ratios have similar trend and inverspigportional to the orientation
angle. All attracting angles don't form any separapoint length. Similar findings for
contraction ratio of 0.1 on separation point lengtre observed for repelling groins.
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There is a clear similarity between the longitutlwvedocity for repelling and attracting
type groins, the similarity is found between ang® for repelling, and 120for
attracting respectively with slight more or lessrgase in the maximum velocities.
The study recommended that, the repelling typengnbi6( orientation angle with 0.2
contraction ratio can be used for the best upstraathdownstream bank protection.
The orientation angle of 90 degree with the comitvaaatio of 0.3 resulted the highest
values of maximum and minimum longitudinal velaesti Therefore, the straight groin
type can be designed for sediment removal and etacuin front of critical zones
and infrastructures. The study recommended thatvibrk should be repeated using a
series of spurs in order to be able to create ektisefor spurs for different functions.

Keywords: Oriented Spur dike, mathematical model, velocitynponents, separation
and reattachment point lengths

INTRODUCTION

The existence of human kind is highly related w@ns as they are the main source of
fresh water. The river systems as a part of oturaaeed to be mastered and trained
to gain the optimum use of them. This is done thhounuman interference by
planning, design, and implementation. Spur dikestlae most common river training
works used to regulate rivers as they proved diffefunctions all over the world.
They have been recognized as hydraulic structwtenéing outward from the bank of
stream for the purpose of deflecting or attractihg flow. The main functions of
groins are:

1- To protect the bank against erosion.

2 - To reduce the velocity of flow along river bandwving to their roughness.
3- To enhance aquatic habitat by creating stabdéspo unstable streams.

4- To sustain channel for navigation and sedimentrol.

5- To establish well defined channel in wide brdideers.

6- To control flow into or out of a bend throughaneéering channel.

This research simulated the hydraulic performarfdenplementing a single oriented
groin on open channel flow. The groin effective g area was defined through the
investigation of reattachment and separation lengthloreover, the velocity
components in X and Y directions were qualitativahd quantitatively determined. A
two dimensional finite element mathematical modelswdeveloped to achieve the
study objectives (Molinas and Hafez 2000).

MATHEMATICAL MODEL

The differential governing equations are writtentle Cartesian X-Y coordinates,
where the X-direction is in the main flow directiamd Y-direction is in the lateral
direction. The most complete equations of motiondoviscous fluid are known as



Tenth International Water Technology Conference, IWTC10 2006, Alexandria, Egypt 283

Reynolds average equations (Navier-Stokes equatitins assumed that the fluid is
incompressible and follows a Newtonian shear stl@sswhereby viscous force is
linearly related to rate of strain. For two-dimemsl steady incompressible flows, the
flow hydrodynamics governing equations are the gguador conservation of mass
and the equations for conservation of momentums€mation of mass equation takes
the form of the continuity equation while Newtorggjuations of motion in two
dimensions express the conservation of momentura.cbintinuity equation is given
as:

ou 6V_0 (1)
0X 0Y

The momentum equation in the longitudinal (X) dil@c is:
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The momentum equation in the lateral (Y) direcign
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Where U = Longitudinal surface velocity, V = Traesse surface velocity, P = Mean
pressurey. = Kinematics eddy viscosity,x= Body force in X direction, F= Body
force in Y direction, g = Gravity acceleratidh, = Average water surface sloge,=
Fluid density, tc = Turbulent frictional stresses in X-directiom, = Turbulent
frictional stresses in Y-direction.

The assumptions used in the hydrodynamic model are:
* The density is assumed to be constant (Incompiedtuiiod).
« Steady flow conditions.
» Varying turbulent viscosity with the velocity gradi.
» Two-dimensional surface analysis.
* Free surface as arigid lid.
* Hydrostatic pressure.
* Wind stresses are neglected.

It should be mentioned that complete details almumerical solution of the model
governing equations, the boundary conditions aedatbrking flow chart is presented
in Ebraheem 2005.

TESTING MODEL VALIDITY AND VERFICATION

To verify the effectiveness of the numerical moa@dal,experimental study to simulate
the flow in the vicinity of groin is used. Similaerification is conducted by Mayerle
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et al., in 1995 to test the validity of three dirsemal mathematical model developed
by them. Figure 1 shows comparison between thelalee® model and the 3-D model
developed by Mayerle et al. The comparison indgd@te cross sections of 0.33 m
(cross-section D) and 1.55 (cross-section E) res@be downstream the dike axis.
The figure illustrates good agreement between wterhodels and the experimental
data. It can be concluded that the current modwigs to reproduce the experimental
study in a suitable way. Therefore, it can be usquredict new and similar situations.
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Figure 1: Testing the Validity of the Used 2-D Numerical Model
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STUDY CASES

A number of cases are formulated for simulatiomgighe mathematical model. A
basic case run is conducted to represent the Istreigannel without any groins. This
run will be used as reference to allocate the hydrgperformance of spur dike
implementation in open channel. The runs namesgoaneulated as a function of spur
type, angle of orientation and contraction rati@r Fexample, R& is stand for
repelling groin of sixty degrees orientation angiéh 10% contraction ratio, and $iN
is stand for straight groin of ninety degrees dagan angle with 20% contraction
ratio, and A%s is stand for attracting groin of sixty degree®ntation angle with 15%
contraction ratio. Table 1 indicates the study sase

Table (1): The Study Cases and the Run Nominations

Angle of

Orientation

No groin

Repelling

Straight

Attracting

DISCUSSION OF RESULTSAND ANALYSIS
1. The Reattachment Length

It is defined as the position downstream the gvdnere the flow returns to its original
condition before implementing the groin. This ldngs defined by the assist of
velocity vector (arrows) on the channel plane viggure 2 (a, b, and C).
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Figure 2 (a): Example of Flow Pattern around Repelling Type Groin
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Figure 2 (b): Example of Flow Pattern around Straight Type Groin
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Figure 2 (c): Example of Flow Pattern around Attracting Type Groin
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Figure 3 illustrates the different relationshipshdocted to analyze the measured
reattachment length. It can notice that for eadjleanf orientation, the reattachment
length is directly proportional to the contracti@atios. In terms of groin type, it can be
concluded that the highest reattachment lengthdiated by the perpendicular type.
Additionally, there is very clear similarity betweeepelling and attracting type groins
with slight increase in the reattachment lengthtfe repelling type. Increasing the
contraction ratio indicates similar trends foruskd angles with peak values indicated
by the straight spur of angle @@t 0.2 contraction ratio the repelling type ilitgtes
coincidence results if compared to attracting tyftecan be summarized that
reattachment length is very sensitive to groin terajd the contraction ratios.
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Figure 3:

Relationships between Studied Parameter s and the Reattachment Length
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Expressing the reattachment length as a functiospof length shows that for all
tested angles, the reattachment length increasetiiglty until reached its peak values
at angle 90then started to decrease gradually until reactseldwest values at angle
12C. This value is amounted to 6.8L for the straigiuet groin of contraction ratio of
0.1. Comparing this value to what reported by Fsanet al. in 1968 for similar
situation indicates lower value as they stated 1106 the same case. This finding is
still giving more support that the straight typeoigs result in highest effective
working length in the downstream directions. Theref it can be selected for longer
regulation requirements.

2. The Separation Point Length

It can be defined as the length of back eddy startpstream groin and ended
somewhere upstream or in front of the groin tipeTdeparation point length is
measured by the assist of velocity vector (arroars)the channel plane view (see
figure 2).

Figure 4 illustrates the different relationshipsdocted to analyze the measurement of
the separation point lengths. It is evident thatdttracting type groin doesn't give any
separation length for the entire contraction ratilise contraction ratio of 0.1 is too
short to influence the separation length. The hsglengths are accomplished by the
repelling type groin for the entire contractionigat Similar trend is found for the
whole contraction ratios in terms of spur type &md trend is inversely proportional
to the orientation angle. The percentage of inangathe length with the increased
contraction ratio decreased as the angle of otientaincreased. If the repelling type
angle is used with contraction ratio of 0.3 it aasult in longest separation point
length. Therefore, this orientation is suitable fpootection work. The straight groins
of 90 degrees orientation give the lowest lengthtfe separation points. It can be
concluded that using the spur dike orientations aaodtraction ratios should be
adjusted according to the length of regulation eded the channel. If the regulation
needed located in the downstream direction, tregstr spur can be used. Otherwise,
the repelling type can be used. Also, it is preférto use the repelling groin of 60
orientation angle with 0.2 contraction ratio foe thest upstream and downstream bank
protection.
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Figure 4: Relationships between Studied Parameter s and the Separation Point Length

3. Veocities

No one can deny or neglect the effect of velocg#yaahydraulic parameter represents
the main function of scouring and deposition adionopen channel. The velocity is
measured in forty eight location points, distrilste twelve cross sections one meter
horizontal spacing in between as shown in figureE&ch cross section has four
measuring points half meter vertical spacing inMeein. The points are representing
four measuring lines in the longitudinal directioh. summary of velocity values
resulted from different study runs is presentedainies 2 and 3. They illustrate the
values of maximum and minimum longitudinal and $narse velocities respectively
for each run together with their locations relatedcross section number and line
symbol.
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Table2: Maximum and Minimum Longitudinal Velocities (U) and their Locations
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Table 3: Maximum and Minimum Transverse Velocities (V) and their Locations
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3.1 Longitudinal Velocity

Table 2 shows that the maximum and minimum longaidvelocity (Unax, and Ugin)
occurred at orientation angle of°9@traight groin) with contraction ratio of 0.3.i§h
condition gives velocity amounted to about 1 msear the tip of the groin (at line B).
At the same time, it is resulted in lowest velocitly the nearest line D (negative
velocity) which confirms highest degree for sediinevacuation in front of the groin
to produce scour in bed that extend further tolradase to the opposite bank. It also
forms a long weak region of eddy velocity flow wihim turn produces a high amount
of deposition downstream the groin. For the samaraotion ratio, the maximum
longitudinal velocity is recorded for angleaf straight groin. The attracting type
gives higher maximum velocity if compared to rejpglltype for all contraction ratios
except for 0.1 and 0.3, the relation is reversamvéier, the increase is not significant
as it reached about one percent. For minimumitiogigal velocity the situation is
reversed as the orientation angle of’ 9@dicates the minimum values for all
contraction ratios. It should be noticed that tlentaction ratios of 0.1 for all
orientation angles indicate no effect for groin lementation for the attracting type as
the maximum velocity is equal to the correspondomg of the basic case. It is
concluded that all maximum longitudinal velocit@scurred in the middle third of the
channel (lines B, C) and all minimum longitudinalacities occurred near the channel
sides (lines A, D).

3.2 Transverse Velocity

Table 3 shows that all values of maximum transvessecity occurred upstream
groins, and most of them are near the channelisiginity of the groin (at line D).
All values of minimum transverse velocity are ocedrdownstream groin and located
in the first third of channel width near the grdiat lines C, D). Increasing the
contraction ratio for the same angle is resultedenreasing the minimum transverse
velocities. This finding is applied to maximum tsaerse velocity for repelling and
attracting types. It can be concluded that for cehrmaintenance and navigation
processes it is preferred to use straight or ditxgroins with contraction ratio of 0.2
and 0.3, because they are creating higher traresveetocity which is directly
considered good indicator for scouring action guicas motion. Therefore they can be
used to maintain the desired depth and preventsitegoin front of pump stations.

3.3 Effects of Orientation Angleson Velocities

To test the effect of orientation angles on flovitgxa, the relationships between the
velocity and the orientation angles are plotted tfe basic case and the simulated
cases for different lines. The contraction rati@ept constant during this investigation
in order to restrict the effect on the angle oentations. The ratio 0.2 is selected as it
is considered the most effective influencing ra® emphasized from the previous
analysis. Besides, it is also recommended in mdnyevious studies (Attia 1996).

Figure 6 shows that the entire orientation angtedihe A gives the same trend for
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longitudinal velocities in terms of the relationagle. However the peak values are
indicated by the orientation angle of°9@rientation angles of 60 and 120 degrees
illustrate closer trend with a little bit higherluas for the repelling types. This result
points out that the attracting groins may be skifethe opposite bank. The maximum
longitudinal velocity is located just downstreane tgroin. Transverse velocity for the
same line confirms that all orientation angles htnge same trend with some sort of
horizontal shift appeared between the differentlemgrhe straight groin still keeps
the highest values for the transverse velocity.
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Figure 6: Longitudinal and Transverse Velocitiesat Line (A) for 0.2 Contraction Ratio
and Different Orientation Angles

Monitoring the longitudinal velocity at lines (B @rC) in figures 7 and 8, it can say
that all tested orientation angles have the saewrdtand the straight groin of 90
produces the maximum values at all cross sectiand, the peak values for tested
orientation angles located at one meter downstrgesin for both lines. It is also
noticed that all tested orientation angles haveitadinal velocities greater than the
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basic case. For the transverse velocity, it iscedtithat all tested orientation angles
have alike trend in terms of having about thirdh@ cross sections indicating higher
velocity if compared to the base case and aboutthivd of the cross sections (the
right hand ones) indicating lower velocity if comngd to the base case. Comparing the
repelling and attracting groins of 60 and 120 degnespectively illustrates that the
repelling groin has lower values which is contraoy what observed before. In
addition, the straight groin continues to have bgihand lowest velocity values in
terms of the range of variations. It can be conetlthat the straight groin of 9bas
excellent hydraulic performance in terms of velpeis the action of high velocity can
result in increasing the channel depth in the neiddllird of channel width. Also
contracting channel width by any contraction ratt have the impact of increasing
longitudinal velocity.
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Figure7: Longitudinal and Transverse Velocitiesat Line (B) for 0.2 Contraction Ratio
and Different Orientation Angles
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Figure 8: Longitudinal and Transverse Velocities of Line (C) for 0.2 Contraction
Ratio and Different Orientation Angles

Figure 9 shows the longitudinal and transverse ciéés for line (D) which is
considered the nearest line to the groin locafltne figure shows that the longitudinal
velocities for all tested orientation angles sh@semble trend and all indicate lower
values if compared to the basic case without groliee straight groin is the most
effective in terms of decreasing the longitudineloeity followed by repelling types
and the attracting type groin comes at the end.tfite® types demonstrate horizontal
budge in terms of the peak value locations.

Transverse velocity for the same line, confirmst thath repelling and attracting
groins have the same trend which is opposite tottbied of the straight groin.
However, the three types unify the trend again dtk@am the groin location. The
attracting groin of angle 12(thas the maximum value at groin tip, and the dttaig
groin has the minimum transverse velocity upstréasgroin.
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Figure 9: Longitudinal and Transverse Velocitiesof Line (D) for 0.2 Contraction
Ratio and Different Orientation Angles

It can be concluded that there is no significarftedence in transverse velocity
between repelling and attracting groin of same nbaigon angle upstream and
downstream respectively. Also, the repelling groih 60° can be used for both
upstream and downstream bank protection and treetitig groin of 120 can be used
for deposition downstream only and the straightrgod 90° can be used effectively to
increase the channel depth for navigation processes

CONCLUSIONSAND RECOMMENDATIONS

The study cases represent several concluding renagdk points. The conclusions are
emphasizing the effect of groin installation on ##ire tested parameters. For the
reattachment length it can be concluded that foor&ntation angles, the contraction
ratio of 0.1 is too short to show effective infleenon the reattachment length, for all
contraction ratios. The straight groin of °9@rientation angle has the longest
reattachment length. All contraction ratios of eipg type groins have longer

reattachment length than the corresponding andlatiracting groins. The contraction

ratios for the same angles confirm proportionahtieh between the reattachment
length and groin length. The attracting groin tydegs't form any upstream back eddy



Tenth International Water Technology Conference, IWTC10 2006, Alexandria, Egypt 297

flow and 0.1 contractions is two short to formulatey separation length and this valid
and applied to maximum velocity as well. It is fouthat the maximum velocity is
very close to the corresponding basic case velogihgle 60 with 0.2-contraction
ratio is considered the best case for the purpofsbank protection and sedimentation
processes for both upstream and downstream. Allrmanr longitudinal velocities are
located in the middle third of the channel andnathimum longitudinal velocities are
located near the channel sides. All values of tleximum transverse velocity are
located upstream groin and all values of minimuanswerse velocity are located
downstream groin. As long as the contraction rataeases for constant angle, the
maximum longitudinal velocity increases and the imum longitudinal velocity
decreases. The attracting groin of 12@s the maximum transverse velocity for all
tested contraction ratios except for 0.1; the etilng groin of 120 with 0.2
contraction ratio is considered the most suitalbtengto protect sedimentation in front
of intakes of pump stations. The study recommentiedl similar study should be
conducted using a series of spurs rather thanestygke. A checklist should be created
after simulating more cases to define the suitgbilf each type to the channel desired
Improving process.

List of Symbols

The following symbols are used in this paper:
U = Longitudinal surface velocity

V = Transverse surface velocity

P = Mean pressure

Ve= Kinematics eddy viscosity

Fx = Body force in X direction = g sit

F, = Body force in Y direction = 0.0

g = Gravity acceleration

8 = Average water surface slope

p = Fluid density

T = Turbulent frictional stresses in X-direction
15, = Turbulent frictional stresses in Y-direction
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