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Abstract

The effect of fluctuating pressures due to turbulence on the hydraulic jump
causes significant damage to the relaxation pool. Moreover, the presence of
roughness in the bed changes the behavior of flow lines and the formation of
vortices during the jump. Therefore, the aim of this study was to determine the
effect of the presence of roughness on hydrodynamic pressures in type S
hydraulic jump in sudden divergence sections. For this purpose, experiments
were performed in a relatively large channel with a width of 0.8 and a length of
12 m in the calm pool with divergence ratios of 0.33, 0.5, 0.67 and 1 in the range
of Frued numbers between 2 to 9.5. Roughness elements with a height of 3 cm
and specified distances were placed in the channel bed and downstream of the
divergence section. In order to determine the effects of roughness on the level of
hydrodynamic pressures, the experiments were performed in two separate stages,
including a completely flat pool bed without the presence of roughness in the
first stage (77 experiments) and with the presence of roughness in the pool floor
in the second stage (81 experiments). The results showed that the presence of
roughness in the bed reduces the intensity of pressure fluctuations in the
relaxation pool. In addition, in sudden divergent sections, due to the formation of
lateral vortices, the energy drop increases and the intensity of pressure
fluctuations decreases. The maximum reduction rates of pressure fluctuations
were estimated to be 27, 46 and 58% for the divergence ratios of 0.67, 0.5 and
0.33 in the rough bed, respectively.
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Introduction

Stilling basins with sudden expansions are one of
the energy-dissipater structures. The application
of cross-sectional expansion in channels would
be a useful way to ensure the stabilization of the
hydraulic jump in the stilling basins. In some
previous studies, the effects of expansion on
jump characteristics were investigated and study
of the relationship between expansion ratio and
pressure fluctuation parameters lacks in the
literature. Thus, this study attempted to carry out
the experimental research for evaluating the
effects of different expansion ratios on pressure
fluctuation, during the hydraulic jump on a
roughened bed.

Materials and Methods

The experiments were conducted in a rectangular
channel with 12 m length, 0.8 m width and 0.7 m
depth having glass side walls. The narrow part of
the flume was constructed using two Plexiglas
boxes which extended 0.8 m downstream to

enlarge abruptly and asymmetrically the width of
the main flume. In this study four expansion ratio

() of 1, 0.67, 05, and 0.33 with 0.8, 053, 0.4,
2

and 0.27 m width were considered respectively
(where, Bs is the width of the approaching flume
to the expansion in upstream and B is the flume
width in downstream). In order to roughening the
bed, the discrete elements of roughness were
made by polyethylene with the heights of 3 cm.
These elements were located below the water jet
and were not exposed to the incoming water jet,
directly. Due to the fact that the pressure in the
stilling basin’s bed has random fluctuations,
analysis was mainly evaluated by statistical
methods and with the help of m-Buckingham
analysis. The most important pressure fluctuation
parameter is the non-dimensional coefficient of
Cp'. Non-dimensional pressure fluctuation
parameter (C,") and also its maximum value
(Cp"max) were calculated for all expanding ratios.

woy
(a)

— 80 cm

Y2

E a m_mB = -'I m_m =
(3 e
a a a a

a a a a a
a a a a

a aQ a a a
a a a a

.- ... -. - .. .
a a a a

a a a a a
a a a a

a a a a a
a a a a

a a a a q

Fig.1 View of the: a) laboratory flume, b) jump parameters, ¢) plan of flume
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Results

The intensity of pressure fluctuations rose at the
beginning of the jump, and reached its maximum
value. Then, it decreased and became almost
constant until the end of the jump. C,” parameter
also decreased by increasing Froude number,
because of faster growth of kinetic energy than
pressure fluctuation rate. Besides, presence of
bed roughness caused to decrease the pressure
fluctuations intensity. The value of pressure
fluctuations coefficient decreased by decreasing
the expansion ratio (f), so that this parameter in
expansion ratio of 0.33 had the minimum value.
On the other hand, the value of C, max decreased

0.25 -
0.2
= 0.15 -
£
§ 0.1 -

0.05 ~

with increasing the Froude number in both
smooth and rough bed. Due to presence of bed
roughness, C, max decreased by an average of
20% than in smooth bed. Considering the
simultaneous impact of bed roughness and
expansion ratio, it can be concluded that Cp max
decreases by an average of 27% in expansion
ratio of 0.67. Moreover, in expansion ratio of 0.5
and 0.33, the reduction rate of Cy max achieved
almost 46 and 58%, respectively (Fig. 1). As a
result, presence of both factors of roughness and
expansion, lead to reduce the non-dimensional
parameter of Cp max.

® Smooth bed ® Rough bed

0.18 -
0.16 A
0.14 ~
0.12 ~
0.1 4
0.08 ~
0.06 -
0.04 ~
0.02 ~

Cp' max

® Smooth bed (B1/B2=1)
A Smooth bed (B1/B2=0.33)
® Rough bed (B1/B2=0.33)

Fr

Fig. 1 Reduction percentage of Cp’max in expansion ratios of: a) 1 and b) 0.33

Conclusion

In summary, the results showed that both bed
roughness and sudden expanding basin lead to
decreasing the pressure fluctuation intensity due
to producing lateral vorticities and eddies and
increasing the energy loss in the basin.
Therefore, the reduction rate of maximum
pressure fluctuation in rough bed was 20, 27, 46,
and 58% for expansion ratio of 1, 0.67, 0.5, and
0.33, respectively rather than smooth bed.
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