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Abstract: Hydraulic jump plays a vital role in the design of structures such as still pools and trapezoidal
channels. This study investigates the effect of equilateral triangular barriers on the hydraulic jump
characteristics and flow depth distribution in trapezoidal channels. Triangular barriers with heights of 2, 3
and 4 cm were arranged at a distance of 1 to 4 cm from each other in a zigzag pattern. The results showed
that the 4 cm high barriers reduced the conjugate depth by 28% at the optimum distance of 4 cm. The
hydraulic jump length was shortened by 35 to 50%, while the zigzag arrangement reduced the flow
turbulence by 15% and the jump length by another 18% at an S/B ratio of 0.3. The energy dissipation was
improved by 22% and the hydraulic resistance increased by 12%, resulting in a 20% more uniform energy
distribution.
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Introduction: Hydraulic jumps, especially in open channels and dam spillways, significantly reduce the flow energy
in the jump area and prevent downstream erosion. A series of barriers are used to control the characteristics of the
hydraulic jump, length and depth, (Rajaratnam, 1968). The distance between the obstacles (S) has a significant effect
on the flow pattern and the length of the hydraulic jump. A detailed study of the impact of hydraulic jump helps to
manage floods and optimize the performance of structures (Hager, 1992). Figure 1 shows the types of hydraulic jump.

Investigation of the characteristics of hydraulic jumps in rectangular channels led to a basis for studies in channels
with more complex geometries such as trapezoidal ones (Bakhmeteff & Matzke, 1936). In this regard, laboratory
research showed that the trapezoidal geometry of the channel affects the jump length and flow depth distribution
(Chow, 1959). Moreover, triangular obstacles, due to their acrodynamic shape, create less turbulence in the flow and
can improve the flow depth distribution in trapezoidal channels (Hager & Bretz, 1986). The angle of the apex of the
triangle has a significant effect on the intensity of energy dissipation and the location of the hydraulic jump, with
steeper angles making the jump more stable (Woycicki and Lesleighter, 1997: Jee and Manak, 2021; Chen & Liu,
2023; Hosseini and Abrishami, 2023).

Prior research highlights the obstacles effects in trapezoidal channels remain underexplored, yet. This study aims to
quantify the impact of triangular obstacles’ height and spacing on hydraulic jump.


https://doi.org/
https://doi.org/10.22034/ijwer.2025.505080.1059
mailto:asadi@azaruniv.ac.ir

Laboratory Analysis of Hydraulic Jump Asadi et al.

Materials and Methods: The experiments were conducted in a trapezoidal flume 6 m long, a base width of 16 cm,
and side slopes of 75°. The channel was constructed with transparent Plexiglas walls, a steel bed, and a zero slope,
Fig. 2. Equilateral triangular barriers (1 cm wide, 8 cm long) with heights of 2, 3, and 4 cm were arranged in a zigzag
pattern in nine configurations. Figure 3 shows a view of the zigzag arrangement of symmetrical blocks..

The flow rate varied from 3.2 to 6.84 1/s, which was controlled by an inlet valve to ensure supercritical conditions.
The schematic design of the geometric obstacles, including height (h), length (L), and distance between obstacles (S),
is shown in Figure 4.Parameters such as flow depth, velocity, and jump length were measured using an ultrasonic

flowmeter, depth gauge, and micro-propeller velocity meter. The study analyzed conjugate depth ratios (i—z),
1

dimensionless jump length (:;—’) and Froude numbers (Fr;) under varying obstacle heights and spacings (1 to 4 cm).
1

Results and Discussion: Figure 6 shows the relationship between the flow depth ratio () and the upstream Froude
number (Fr;) of the hydraulic jump under the influence of an obstacle with a fixed height of 2 cm. Whenever Fr;
increases from 2 to 16, 9 increases by about 5 times. For example, in the case of no obstacle, 9 at Fri=16 reaches
about 10, while at Fr;=2 it is about 2.

When Fr; is constant, 3 decreases as the obstacle distance increases from 1 cm to 4 cm. Specifically, at Fr1=10, 9 is
about 8.5 for a rough distance of 1 cm, but it decreases to about 7 for a rough distance of 4 cm, which represents a
decrease of about 18%. This decrease is due to the increase in flow resistance and the decrease in water depth caused
by the roughness. For this reason, the unobstructed state has the highest flow depth ratio.

Figure 7 shows Fr; increases from 2 to 18, the 9 increases on average from about 2 to 10. Although in this case the
flow depth ratio also increases by a factor of about 5, 9 is lower when the obstacle height is 4 cm (0.31) than when
the obstacle height is 2 cm (0.36).

When the obstacles are placed at a fixed distance of 2 cm but the height of the obstacle and Fr; change, Figure 8, for
an obstacle of a given height, say one centimeter, as the Fr; increases from 2 to 16, the ¥ increases on average by
about 5 times; but as the height of the obstacles increases, its increment becomes less. This process is also observed
in Figure 9.

The zigzag arrangement minimized turbulence by 15%, promoting uniform flow. Higher obstacles increased hydraulic
resistance by 12%, stabilizing the jump and reducing downstream erosion risks. Dimensionless analysis confirmed
that optimal configurations (4 cm height, 4 cm spacing) consistently lowered depth ratios and jump length across
Froude numbers from 2 to 18, offering predictable flow control.

Conclusion: This study underscores the efficacy of triangular obstacles in optimizing hydraulic jumps in trapezoidal
channels. By reducing conjugate depth by up to 20% and jump length by 50%, obstacles with a 4 cm height and 4 cm
spacing enhance energy dissipation and flow uniformity. These findings enable more compact stilling basin designs,
potentially cutting construction costs by 10—15%. The zigzag configuration proves superior in minimizing turbulence
and erosion, providing engineers with a precise, scalable approach to improve hydraulic structure performance and
sustainability.
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Fig. 1 Types of Hydraulic Jumps, a) wave, b) weak, c) fluctuating, d) stable, e) strong
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Obstacle .Longitudinal
Type of height distance between
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(centimeters) obstacles (E)
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6 3 0.3
7 4 0.2
8 4 0.2
9 4 0.3
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5- List of symbols

G (m/s@) Gravity acceleration
H (cm) Height of obstacles
Y: (cm) Initial jump depth
Y2 (cm) Secondary jump depth

9 =" /Y1 Ratio of flow depths

Flow velocity before
Vi (m/s) the j}lmp
Vs (m/s) Flow V61901ty after the
Jump
Longitudinal distance
X (m) along the channel
Fr Upstream Froude
! number
Width of the channel
B (cm) base
S (cm) Longitudinal distance

between obstacles
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Ratio of obstacle
spacing to channel base

8

width
L; (cm) Hydraulic jump length
Q (lit/s) Discharge
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