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Accepted: 2021/05/01 many hydraulic structures. The occurrence of a hydraulic jump
phenomenon leads to a decrease in the amount of energy in open
channels. In the present study, in order to simultaneously evaluate
the effect of roughness and the effect of reciprocal slope on reducing
the secondary depth of the hydraulic jump, as well as reducing the
length of the hydraulic jump.

Methods: In this study, two types of roughness in the form of
rhombuses and triangles were compared in a laboratory with a
reverse slope of zero to 0.1% compared to a flat surface. The results
of experiments related to the effect of roughness in reducing the
relative second depth of hydraulic jump showed that rhombic and
triangular roughness (in the horizontal plane) were effective in
reducing the relative depth of hydraulic jump by 9.6 and 9.1%,
respectively. Also, the results related to the effect of reverse slope (at
the surface without roughness) on controlling the relative second
depth of hydraulic jump showed that creating and increasing the
reverse slope in the tested interval alone will not have an effect on
reducing the relative second depth of hydraulic jump.

Findings: After examining the effect of roughness and reverse slope
in controlling the relative length of hydraulic jump, it was observed
that at the highest rate, the relative length of hydraulic jump was
reduced by 0.075% and the roughness of rhombic and triangular, by
52.8 and 56.8% was observed. Therefore, as a result of this research,
it can be stated that if the goal is to reduce the secondary depth of the
hydraulic jump, the best option to reduce the secondary depth of the
hydraulic jump is to roughen the bed using triangular roughness.
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Laboratory evaluation of artificial roughness and adverse slope effect in control of hydraulic jump

Extended Abstract

Introduction

Hydraulic jump is created at the end of
shoots and many hydraulic structures. The
occurrence of a hydraulic jump phenomenon
leads to a decrease in the amount of energy
in open channels. In the present study, in
order to simultaneously evaluate the effect
of roughness and the effect of reciprocal
slope on reducing the secondary depth of the
hydraulic jump, as well as reducing the
length of the hydraulic jump.

Materials and Methods

In this study, two types of roughness in the
form of rhombuses and triangles were
compared in a laboratory with a reverse
slope of zero to 0.1% compared to a flat
surface. The results of experiments related
to the effect of roughness in reducing the
relative second depth of hydraulic jump
showed that rhombic and triangular
roughness (in the horizontal plane) were
effective in reducing the relative depth of
hydraulic jump by 9.6 and 9.1%,
respectively. Also, the results related to the
effect of reverse slope (at the surface
without roughness) on controlling the
relative second depth of hydraulic jump
showed that creating and increasing the
reverse slope in the tested interval alone will
not have an effect on reducing the relative
second depth of hydraulic jump.

Findings

The results of using both roughness and
reverse slope showed that in slopes less than
0.05%, roughing the sloping bed (triangular
roughness) up to 2.5% can be effective in
reducing the relative second depth of the
hydraulic jump. In order to control the
relative length of the hydraulic jump, it was
observed that the roughening of the bed of
rhombic and triangular roughness in
horizontal surfaces was effective in reducing
the relative length of the hydraulic jump by
43.8% and 52.8%, respectively. Also, by
examining the effect of reverse slope in
controlling the relative length of hydraulic
jump (at the surface without roughness), it
was observed that the highest percentage of
relative length reduction was observed in

the slope of 0.1% and 17.2%. Finally, after
examining the effect of roughness and
reverse slope in controlling the relative
length of hydraulic jump, it was observed
that at the highest rate, the relative length of
hydraulic jump was reduced by 0.075% and
the roughness of rhombic and triangular, by
52.8 and 56.8% was observed. Therefore, as
a result of this research, it can be stated that
if the goal is to reduce the secondary depth
of the hydraulic jump, the best option to
reduce the secondary depth of the hydraulic
jump is to roughen the bed using triangular
roughness (with the specifications in Table
1). Which reduces by 9.1% in the secondary
depth of the hydraulic jump. Also, if it is
necessary to reduce the relative length of the
hydraulic jump, the wuse of triangle
roughness with a reverse slope of 0.075% is
recommended, which the sum of these two
factors can reduce the relative length of the
hydraulic jump by 56.8%.

Discussion

The results of the tests showed that
roughening the bed with rhombic and
triangular elements was effective in
reducing the relative depth of hydraulic
jump by 9.6% and 9.1% respectively, and by
43.8% and 52.8% in reducing the relative
length of hydraulic jump. Also, the reverse
slope was only effective in reducing the
relative length of the hydraulic jump, and the
relative length of the hydraulic jump was
reduced by 17.2% in the slope of 0.1%.
Finally, the combination of roughness and
reverse slope in the best case at a slope of
0.75% and with triangular roughness
reduced the relative length of the hydraulic
jump by 56.8%.

Conclusion

The type of roughness is effective in
increasing the amount of hydraulic jump
energy loss. The simultaneous effect of
applying bed roughness and creating a
reverse slope can increase the amount of
energy loss in the phenomenon of hydraulic
jump. Therefore, with the combined use of
bed roughness and reverse slope, it is
possible to create economic savings by
creating more energy loss.
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