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ABSTRACT

In this paper result of experiments on scour due to impinging circular jet is presented. The effect of parameterslike:

drop height, jet diameter, jet velocity and tail water depth on maximum depth of scour was investigated. It was
found that by increasing jet velocity and drop height, depth of scour increases. While increasing tail water depth
decreases the depth of scour. A new equation for prediction of maximum depth of scour isintroduced.
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INTRODUCTION

Study on scour of bed is of considerable importancene field of hydraulic engineering.[1] Most efi the flow
downstream of hydraulic structures is of the fofntuobulent water jet, such as the flow from spéiyy downstream
of gates, at the outlet of culverts and over thepdr Due to the complex nature of these flows &ed interaction
with sediment bed, study on scour due to watengstbeen mainly empirical.

Different investigators have reported extensivalists on the outlet scour. [1, 2, 3, 4, 5, 6] haweestigated the
scour due to vertically impinging circular jetsu@iies on scour due to horizontal circular wallvigre carried out
by: [7...13]. Scour due to obliquely impinging jetsvstudied by [14...19].

This paper presents the results of an experimattaly on the scour of sand bed particles by impimgiircular
turbulent water jet. [11] Maximum depth of scourswarrelated with stability number, drop height aadflow jet
diameter.

DIMENSIONAL ANALYSIS

Figure 1 shows the schematic view of scour duemntpiriging circular jet [6]. Maximum depth of scoug id
influenced by: velocity of outflow jet V, drop héig H., outflow jet diameter D, mean sediment sizg, d
acceleration due to gravity g, density of sedingraind density of watgs. Therefore:
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Figure 1.Schematic view of scour due to impingingircular jet
— 1
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Using the method of dimensional analysis, Eq. 6l loe written as:

d: _ (o He Tw @
H . D 'D
in which SN is densimetric Froude number given by:

N = v 3)

Ve e 2

By combining the first two terms in the right haside of Eq. (3) one can write:

d, S\D T,
= f , (4)
H H D

C C

The correlation between parameters of Eq. (4) eaoltained by using the experimental data.
MATERIALS AND METHODS

Experiments were conducted in a tilting re-circdalgttype flume with a length of 13m, width of 0.6mnd depth of
0.6m. A schematic view of the flume is shown in.F2gHorizontal culverts, for establishing circujat, were made
of PVC and installed at the distance of 6m fromtrgasn end of flume.[18] Different flow conditiom&ere applied
in order to have various values of outflow jet \aitp. The drop height Hwas measured from centerline of culvert
to original bed level. The sand particles usedtifier bed had a mean diametegg of 1.4mm, density of 2.605 and
geometric standard deviation § = 1.3. Sediments were filled up to a thicknes9.@0m at the downstream of
culvert. A sluice gate at the end of flume was utedontrol the tail water depth.[3] Discharge wasasured by
volumetric method. Depth of flow and bed profilesnaeasured by a point gauge with an accuragfdfmm. The
duration of experimental runs was kept equal tor@2ihwhich the change in scour hole was obserodzktno more
detectable. Experiments were conducted for vanailiges of drop height, outflow jet diameter, ootfljet velocity
and tail water depth. Table 1 shows the range @maters studied.[7]
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Figure 2.Schematic view of the flume

Table 1. Range of parameters studied

d U Hc Tw
m s (m) (m) uoier e e

Present study
.022-.046 0.55-1.7 0-0.30 .02-0.30 0.5-10 0-12 45-145 141

[9]
01 12833 004 <05D <05 04 925 18¢

ds
(mm)

RESULTS

Figures 3 to 5 shows the variations relative scour depthgtH. and SN for different values of relative outflow
diameter H/D when relativetail water depth /D = 0.5 to 10 respectively. It is evident thatibgreasing SN, th
value of d/H, increases. Moreover, by increasing the relativélaumtjet diameter I/D, the relative scour dep
d/H. increases. The experimental data[8] is also depicted in Figs. 3 to 6 and shows a sintitnd and goo
agreement with present data [1].

Hc/D=0

Hc/D<=2.5

Hc/D<=4.5

Hc/D<=10
X Hc/D>10

——Power
(Hc/D=0)

—— Power
(Hc/D<=2.5)

—— Power
(Hc/D<=4.5)

Figure 3.Variations of relative scour depth ds/Hc and SN for different values Hc/vher
Tw/D =0.5
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Hc/D<=.5
¥ 2<Hc/D<5

A 5<Hc/D<10

—— Power (Hc/D<=.5)

—— Power (2<Hc/D<5)

—— Power (5<Hc/D<10)

Figure 4.Variations of relative scour depth ds/Hc ad SN for different values Hc/D whel
2<=Tw/D <5

Hc/D<=.5
B Hc/D<5

—— Power (Hc/D<=.5)

—— Power (Hc/D<5)

Figure 5.Variations of relative scour depth ds/Hc ad SN for different values Hc/D whel
5<=Tw/D <10

In accordance with Eq. (4), the experimental datshiown as variations of relative scour def/H. with SND/H.
for various valuef relative tail water depth. It is clear that hycieasing SND/., the relative scour depth
increases and by decreasing relative tail watethd@&,/D, the relative scour depth/H. increases. Analysis of
experimental data indicates that the relascour depth gH, can be expressed as:

b C
d, _ a T, S\ND (5)
Hc D H .
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By using least square method it was found

a=0.293 , b=-0.26and C= 0575Tw/D) *°
With these values, Eq. (5) reads:

ds - 0063 T_W 026 \D 0575(Tw/ D)~ 0466 )
Hc D H.

Tw/D<=0.5

™ 2<=Tw/D<5

A 5<=Tw/D<10

—— Power (Tw/D<=0.5)
—— Power (2<=Tw/D<5)

—— Power (5<=Tw/D<10)

SN.D/Hc

Figure 6.Variations of relative scour depth ds/Hc vith SND/Hc for various values of relative tail wate depth

Present study

¥ Doehring and Abt(1994)
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Figure 7. Comparison of observed and computed valseof relative scour depth ds/Hwsing Eq. (6)
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The average percentage error due to Eq. (6) i&6.Bigure 7 shows comparison of observed and caedpudlues
of relative scour depthytH. using Eq. (6). The present data and data of Bdapicted in Figure (6). It is clear that
the majority of data points fall within error banfi£20%. Hence one can expect to have acceptable yamiitg
Eq. (6). However, more data with wider range isuresf to verify the generality of this equation.

CONCLUSION

Based on the results of this experimental studsherscour of sand bed particles by impinging cactlirbulent jet,
the following conclusions could be derived:

The maximum depth of scour is a function of mathly stability number SN and relative tail water ttiep,/H.. By
increasing the stability number, the relative sodepth increases and by increasing the relatiVeviger depth, the
relative scour depth JiH, decreases.[17] A new equation for estimation okimam depth of scour due to
impinging circular turbulent water jet is developed
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