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EFFECT OF USING THREE-LINES OF ANGLE BAFFLES
ON SCOUR DOWNSTREAM HEADING-UP STRUCTURES
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ABSTRACT

The effect of using three lines of augle ballles an scour downstream heading-up
structure was conducted. Fhundred eighty runs were conducied cousidering varicus
heights and positions of the angle baflles with dilTerent Mow conditions. Cases of flat
floor without baffles are included 1o estimate the influence of the suggested system.
Resulis were analyzed and graphically represented.

INTRODUCTION

Large-scale erosion caused by fluid flow local to hydraulic structures is of obviouns
coucern hecause the foundation can be undermined leading to structure filure. Oue
of the situatious that have attracted considerable attention is the scour downstreaw
heading-up siruciures. The safety of apron downstrean heading-up structures and of
energy dissipatiug devices can also be threatened by the erosion of sediments in their
vicinity., The hydraalic jum) used for energy dissipation is usually confined partly or
entirely to a channel reach that known as the stilliug basin. Stilling hasin is seldmn
designed to confine the entire length of a free hydraulie jump on the paved apron,
because such a basiu would be too expensive. Consequently, accessories {o control the
jump are usually installed in the basin. The main pnrpose of such control is to
shorten the range with in which the jump will take pface and thus to reduce the size
and cost of stilling basin. Baffle piers are tnstalled in aprons principally to stabilize
the formation of the jump and increase the turbulence. The Indian Standards
lustitntion {1969} has adopted a stilling basin design using haflle piers. Studies werz
conducted by Bliowmik (1975) usiug piers with different inclinations to the incoming
flow. Piliai (1967) shows thai, Now Glaments dellected outward at the front corners of
the conventional rectangular bhaflle piers and reached to (he sides fnrther
downstream causing reduction in drag force due to decrease in wake area. DifTerent
baffle block shapes hiave been studied by Pillai (1966) and (1969), Pelerka (1978},
Vicher, and Hager (1995), and EL-Masry (2001). Pillai {(1969) used wedge-shaped
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In this paper three rows of angle baffles were used to minimize the scour hole as
shown in Fig. (1)

FLOW BOUNDARIES AND YARIABLES

Referring to Fig,. 1, the following parameters are used;

L, :distance between intermediate baffle line and the toe of the weir,
Lt - length of floor downstream the structure,

X : the distance between baffle rows in flow directions,

S - the baffle arm length,

L : the space between baffles perpendicular to flow direction,

T : baffie’ s arm thickness,
E : the height of the baffle blocks,
8 - the angle between baffle arms.
To simplify the investigations, the following assumptions are considered:
T/S is kept eonstant = 0.10,
S/ is kept constant = 1.0,
8 =90°,
WS =0.33,066, 1.0, and 1.33,
Ly/Ls =0.30, 0.40, 0.50, 0.60, 0.70 and
X =38
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Baffles ave arranged in thiee rows, one of them has 43% open pass way across its
vertical front, the others have 47%, or the inverse. In average, they have 45% open
pass way across their vertical front.

In order to illusirate the influence of the sugpgested baffle systein, the following
dimension-less parameters are considered:

DJ/D, 1/F?, L/D, Lw/D, LyL;, Ws, DyDyw, Li/Lsy, and Lo/l

Where

D is the tail water depth,

Dy 1s the maximum seour depth,

Fr is Froude number = v/(gD)>’

L, is length of scour hole,

Ly is the Iength to the loeation of maximum seour depth,

D, 1s the maximum scour depth for the cases of floor without baffles,
L.w 15 the maximum scour length for the cases of floor without baffles,

Lyw 18 the distance to position of maximum scour depth for the cases of floor
without baffles.

EXPERIMENTAL SET-UP

Fig. (2) shows the apparatus used in this study. The fluine, 45 cm wide, 40 cm
deep and 9.0 m long were constructed from timber inside a wider ehannel. The
flume consists of head and tail tanks and the flume itself. A centrifugal pump ts
used to supply water to the head rank from ground sump. Water is contrelled using
a control valve installed on delivery pipe connected to the feeding pump. The head
tank consists of two adjacent tanks connected together with holes. The pumped
water supplies the first tank; cousequently, the level of the adjaeent tank rises. This
proccdure is to absorb water fluetuations. Second tank has two weirs, the first s
calibrated to measure the flow that feed the flume., the other is to allow excess
water overflow aud be drained to ground suwnp, keeping the head of water constant.
A vertical scale 1s used to measure the head over the calibrated weir. The flow enter
the flume through an inlet screen to absorb any water eddies.

The modei is made of timber. Downstream apron is punched to fix baffle blocks.
To represent the erodable bed the rear portion of the channel is filled with sand with
Dg = 0.56 mm. Precise point gauge in instalied to ineasure the depth of water. The
gauge is monated on x-y carriage. The carnage travels on two sets of rails.
Downstream water depth is controlled using hinged pate. For all runs, the

downstream floor length, L, is kept constant.

EXPERIMENTAL PROCEDURE:

To study the influence of the suggested haffle system, three discharges are
considered {Q= 6.30, 8.0, and 10.10 Lit/sec.). For each discharges, three water
depths downstream the structure are used. The system of angle baffles that consists
of three rows is located at five positions as meutioned above. The considered length,



C.76 El-Gamal, M. M.

Ly, is measured to the middie of the bafHle systemn. For each Laffle position, the
height of baffles is changed four times, I/s = 0.33,0.66, 1.0, and 1.33, to estimate
the best height that leads 1o the maximum reduction on scour hole.

Hundred eighty runs were conducted including nine runs without baffles to
estimate the influence of the suggested system. For each run, backwaler feeding is
stared first until its depth reaches higher than required downstream water depth, D,
then upstream feeding is started. To adjust the depth of tail water, the tilgate is
screwed gradually until the required depth amived at.
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1)- Centrifugal puiups 6)- Approach basin 11)- Erodable bed
2)- Fixst head {ank 7)- lulet screen 12)- Tail gate
3)- Second head lauk 8)- Weir body 13)- Collecting tank
4)- Flow measuring weir 9)- Dowaslrean bay 14)- Graduated tank
5)- Escape weir 10)- Baflle sysicins 15} Laboratory sumy

Fig. 2 Experimental set-up

Two hours afler many trails was chosen as a constant time for all runs. After this
time, here was no appreciable change in scour hole dimensions. After the running
time, the run was stopped and the flume was evacuated. Scour hole profile along the
centerline of the flutne was recorded with the precision point gauge.

RESULTS AND ANALYSIS:

Experunental results were expressed in dimensionless forms and graphically
represented to study the effects of the suggested system on scour hole dimensions,
Dy, La, and Ly, The considered dimensionless terms are listed before.

Relationships between the values of Dy/D and V/F?* are illustrated as shown in
Fig. 3 considering the values of, Ly/L¢and h/s. From this figure it is clear that, the
value of h/s=1.0 gives the minimum values of D,/D except for Ly/Ly =0.40. For
Ly/L¢=0.40, the minimum value of Dy/D occurs at hfs= 0.66.
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Fig. 4 shows the relation between Do/D and Li/L, for dafferent Froude nntaber
values, and Ws. [t is evident that the minimurn scour depth occurs at a position of
baffle system near the weir. In the other hand, the maximuwin scour depth occurs at a
position of baffle system near the floor end.

Fig. 5 shows the relatiou between Dy/Dyw and 1/Ft” for differeut values of Ly/L,
and h/s. From this figure it is clear that, for all values of L/ L, the suggested
system gives a good reduction on scour hole depth for 1/Fr* < 5.

Fig. & shows the vanation of Ly/D with |/Fr* for the considered values of Ly/L,
and Ws. From this figure, it is clear that, the value of h/s=1.0 gives the minimum
values of Lg/D except for Ly/Ly = 0.30. For Ly/L;=0.30, the mimmum value of
L/D occurs at h/s= 1.33. Also, it 1s clear that, increasing the values of VFE,
decreases the relative length of scour hole.

The recorded values of scour length for the cases of floor without baffles, L,
are used to estimate the influence of the snggested system. Fig. 7 shows the relation
between L./L., and 1/Ft? for diffcrent values of Ly/L;, and W/s. From this figure it is

clear that, for 1I/Fr* 2 3 the suggested system gives a good reduction on scour hole
length.

The distance from the end of the floor to the point of maximum scour depth, L,
is recorded and used to illustrate the varation of L,/D with 1/Fr” for the considercd
values of Ly/Lyand Ws as shown in Fig. 8. From this figure it is clear that, the value
of L/D decreases by increasing the value of 1/Fr° for values of Ly/Ly = 0.30, 0.40,
0.50. For Ly/L, = 0.60, aud 0,70 the value of L,/D decreases by increasing the value
of lf’F;2 except for W/s = 1.33, at which the value L,,/D reaches its maximum value
at I/Fr*=5.

Also, the distance from the end of the floor to the point of inaximum scour depth for
the cases of floor without baffles, L,w 15 used to estunate the influence of the
suggested system of baffles. Fig. 9 shows the variation Lo/Ly,. with 1/Fr for
different values of Ly/L; andWs. From this figure, it is clear that, for 1/Fy* > 3.5,
the value of L, /L. does not exceed 1.0 for all values of L,/L;, and h/s.

CONCLUSIONS:

To minimize the deformed scour holes downstream heading-up structures, a
system of double lines of angle baffles is suggested. To eliminate the impacts of
excessive sever scouring downstream the existed structures, the suggested systern is
easy to be used as additional elements. Fromn the expcrimental study, obtained
results are analyzed and graphically represented. For the studied parameters within
the range of flow conditions, using the suggested system of three lines of angle
baffics, generally, reduces the deformed scour hole dimensions. The following
points can be mentioned:
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» For all positions of baffle lines, the values of h/s = 0.66, and 1.0 gives a
minimum values of scour hole dimensions.

s Increasing Froude criteria increases the maximum scour depth.

» Locating the suggested baffle system adjacenr to he body of the weir,
generally, minimizes the deformed scour depth.

» For Ly/L;= 0.30, the mininum values of scour hole dimensions occur at h/s =
0.33.

» Decreasing Froude number leads to move the position of maximum scour
depth towards he floor end.
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