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Experimental Study of Hydraulic Performance of Stepped Spillway with a Curve Axis
Affected by Downstream Channel Width Changes
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ABSTRACT: Realization of the advantages of a higher degree of energy dissipation have created
an increasing interest in stepped spillways. This study using a three dimensional, 1:50 scale, physical
model was conducted to investigate the impact of variation downstream channel width of the converging
stepped spillways with a curve axis. For this purpose, the converging stepped spillway with a curve axis
was constructed and tested in four ratio of downstream channel width to spillway width (%) ranging
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from 0.214 to 0.286. The results of the experiments indicated that in the converging stepped spillway
by increasing total upstream head, the discharge coefficient will go up for each of the width ratio
(%) and also before submergence stage for the spillway, the discharge coefficient is independent of
downstream channel width variations. By contrast, when the spillway was submerged, there is a decrease
in the coefficient of discharge can be caused by tailwater submergence and it causes the differences in
the discharge coefficient for each of the widths ratio (<), Also, the obtained data demonstrates that
as Yen increases, the flow depth and static pressure decreases at the bottom and the toe of the spillway
model. Moreover, it was observed that as discharge increases, the energy dissipation decreases for all

models, but model with higher ratio of % lead to reduce more energy dissipation in higher discharge.

In addition, model with width ratio of ”;(/'h _o.2s6due to passing the probable maximum flood in the
Maximum allowable head can be selected as the best model.
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1. INTRODUCTION

Spillway is one of the most important components of
the dam that many failures of dams have been attributed to
their inadequate capacity and the safety of dams is important

steps and the height of the steps) and the amount of discharge
passing over the spillway [3]. Reference [4] conducted
experimental investigation on energy dissipation over the
stepped spillways, the results showed that for a constant

in direct and close relationship with the capacity of the
spillway, so the spillway must be a strong, reliable and high-
performance structure that can be ready for exploitation at
any moment. Fig. 1 illustrates a stepped Spillway with a Curve
Axis with its important hydraulic and structural elements.

According to Fig. 1, W and P are the spillway height and
spillway width respectively; & is the height of the step; 0 is the
convergence angle of training walls; H is the total upstream
water head on the spillway; and d is the flow depth in the
downstream channel.

Given the increasing importance of these spillways,
numerous researches and studies relating to hydraulic
performance and the factors affecting energy dissipation over
stepped spillways has been conducted.

Accordingly, the hydraulic flow over the stepped spillway
has been reported in three types: 1. Nappe flow regime 2. H]
Transition flow regime 3. Skimming flow regime [1, 2]. The Pﬂ'\ 3
effective criteria in generating various types of flow in stepped d downstream Channel
spillway, including the geometry of the steps (length of the
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Fig. 1. Schematic of a typical converging stepped spillway with
curve axis
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Fig. 2. Comparison of discharge coeffeceint for varying W , against (a) H/H, (b) (d+h )/H, () h /H

total upstream head, the increase in the number of steps
significantly increases the energy dissipation. The recent and
relevant references that dealt with laboratory investigations
[5-8] addressed the main characteristics of the flow and
then several relationships for flow and energy dissipation
over stepped spillways has been proposed. However, surveys
show that despite the numerous researches, the hydraulic
performance of stepped spillway with a curve axis has not
been considered. Consequently, in this paper, the effects of
downstream channel width changes on hydraulic performance
are studied.

2. DIMENSIONAL ANALYSIS

It is possible to express discharge of stepped spillways with
a curve axis in terms of the fallowing parameters:
SO H W, Wa,P, h, Hs, g, p, p, 0 ha, d,ct, §)=0 (1)

where fis a functional symbol; Q is the discharge; H, is the
design head; g is the gravitational acceleration;” and u are
density and dynamic viscosity, respectively; o is the surface
tension; h, is high difference between the water surface
elevation in the crest and downstream flow depth; and @
is the angle between the upstream face and the horizontal;
Equation 1 represents a physical phenomenon. Centered on
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the Buckingham IT theorem, this equation may be expressed
in a dimensionless form as:

Iy =12, 113,114,115, 116,117,115, 19, 10, ITy 1, [T12) (2)
where T1; to ITp IIip are the dimensionless. Considering

Q H, and p as dimensional independent parameters,

according to the procedure suggested by Reference [9].

5
L H o H o W
Hl—?: HZ_F’ H3—Hd, H4_H’ Hs—H,
d+h 3 h W,

Il = Hd ) H7=/;H—Q, 1_[8:%, H9=;, Hlo—VCh,

Yo,
[y =6, Ilp=a 3)

Considering that some groups must be combined to
deduce the dimensionless parameters commonly applied in
hydraulics, Equation 3 is expressed as follows:

3V3 1 8
3 =y(I12.113.114.1T¢, — it

——= == [1o.IT10,IT11.1T12)
s, TP T TR L R

(4)

where v is a functional symbol. Substituting [1; to IIp
I1; from Equation 3 into 4 gives:
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Fig. 3. Energy dissipation over the stepped spillway With
varying downstream channel width
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With regard to the exclusion of unaffected parameters
according to the suggestions of references [10, 11], Equation
6 is expressed as follows:

2 hg)
P Hy H' H "’ pe® P W (5)

H d+nh h w.,.
+hg d ch ) (6)

C, =
dW(dHHW

3. EXPERIMENTAL RESULTS
3.1 Discharge coefficient

C, variations for varying W s are presented against H/H,,
in Fig. 2a. As can be seen, before the submergence stage for
the spillway, (H/H )< 1.3, heads lower than the design head
will result in a decrease in C, , But in the range of (H/H,) >
1.3, as the width ratio decreases, C, will declines faster due in
part to the local submergence at the downstream. Fig. 2b is a
plot of downstream floor conditions on the C,. As shown in
this Figure, in the range of “* .32, the ratio of the discharge
coeflicient to the ratio of the downstream channel width is
equal to 1, which means that in this range, the downstream
floor position has no effect on the discharge coefficient. By
contrast, in the range of2<“-*<12, the discharge coefficient
ratios are less than 1 and it indicates the effect of downstream
apron condition on the coeflicient of discharge and so,
as W, increases, the discharge coefficient increases. Fig.
2c demonstrates that the C; values were affected by tail-
water conditions against the discharge coefficient of free
flow conditions. As can be noticed, in the range of%‘f«m,
C, is affected by the variation width ratio due to tail-water
submergence. By contrast, in the range of %">0.7 , variation of
W, ’s has no significant effect on the discharge coefficient.

3.2 Energy dissipation

Fig. 3 shows the energy dissipation variations for varying
W . It was observed that as discharge increases, the energy
dissipation decreases for all models. Moreover, in the range
of QQ >11, the model with higher degree of == reduce more
energy d1551pat10n
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Fig. 4. Energy dissipation over the stepped spillway With
varying downstream channel width

3.1 Discharge-stage

Total upstream head data of spillway for all of the tested
W,’s is presented against Q in Fig. 4. From Fig. 4, it can be
inferred thate: njh =0286 with ability to pass the Q,, . in the
Maximum allowable head can be selected as the best model.

4. CONCLUSIONS

General qualitative and quantitative results of the present
study are summarized as the fallowing:

1- In the converging stepped spillway by increasing total
upstream head, the discharge coefficient will go up for each
of the channel width ratio (W /W) and until the downstream
flow is at either supercritical or critical stages, the discharge
coefficient is independent of variation of channel width.
By contrast, at the submergence stage for the spillway, the
difference in the discharge coeflicient can be due to tailwater
submergence occurring in the spillway.

2- Energy dissipation over converging stepped spillway
decreases for all models, but model with higher ratio of “<=
lead to decline more energy dissipation in higher dlscharge

3- The width ratio of< _ o236 can be selected as the best
model due to its ability to pass the probable maximum flood
in the Maximum allowable head.
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