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Abstract

Introduction: Each dam is comprised of numerous auxiliary structures, with flood discharge
adjustment structure being the most dissipater of turbulent energy to reduce dam failure. Large dams
primarily utilize lower drains and spillways within these structures for flood discharge. In a brief
timeframe, spillways and lower outlets must be capable of expelling a volume of water equivalent to the
largest possible flood in the dam's catchment area. Failure to carry out this task confidently may result
in the flood overflowing the dam crest, leading to significant damage to the dam and its associated
facilities. In many cases, this can lead to dam failure. Various types of energy dissipaters have been
employed to dissipate flow energy so far, including simple, compound, and toothed energy dissipaters.
Typically, energy dissipaters are positioned at the terminus of chute weirs, tunnel weirs, and horizontal
channels provided that the topographic and geological conditions are suitable. From a geometric
perspective, simple energy dissipaters are further categorized into two types: cup-shaped and
triangular-shaped, with the former being more prevalent. A cup-shaped energy dissipater features axial
curvature along the longitudinal axis in the direction of flow.

Methodology: Traditionally, researchers have utilized laboratory models to study the flow on
launchers resulting in shot overflows and dynamic pressure. Experiments have provided criteria for
designing launchers, and the optimal launcher shape selection has been determined through
constructing hydraulic models. Previously, dynamic pressures on Cup Launcher beds were calculated
using piezometric methods. This research aims to analyze pressure and force fluctuations on cup-
shaped launcher beds, specifically examining inclined shot overflows. Through a combination of
existing experiments and numerical methods, this study considers speed and pressure values within the
available capabilities and options. Furthermore, utilizing Heger's pressure distribution equation, the
power distribution on the hydraulic model of Jarah Dam was determined in experimental tests.

Results and Discussion: The dimensionless diagram of relative force, relative pressure, and force
distribution at the bottom of the bucket has been tested in Jared overflow at various landing numbers.
It is important to note that the bucket's length in the overflow of the jar is Lt=19.08, with the
maximum pressure value occurring at Xmo=9.8098. Therefore, the final value for the relative location
X=x/xmax=95/100 is equal to 1. The maximum pressure is situated inside the cup within a range of
xpm= {(0.45), (0.6) Lt} 72, while the minimum pressure is more likely to occur at two points in the cup,
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xpin= {(0.1), (0.9) Lt}. The force fluctuations display a range of positive and negative values, aligning
closely with analytical and laboratory studies. The discrepancy within the range of (0.7-0) L is less
than 28% error, which is deemed acceptable in examining the force fluctuations through experimental
studies. It is noteworthy that while the flow in the laboratory model is developed, it appears uniform in
the numerical model, resulting in significant disparities at the onset. This disparity is further
exacerbated by the differing nature of the laboratory setting compared to the numerical model, which
utilizes average Navier—Stokes equations , contributing to errors. Moreover, the error variance within
the range of (0.7, 0.9)L is attributed to the increased minimum and maximum power coefficients with
rising flow rates and declining Froude numbers, resulting in the smallest difference at the cup

launcher's periphery.

Conclusion: The presence of the launcher at the end of the shot overflow generates dynamic pressure
on the bed at the shot's end. However, this pressure's impact is less pronounced compared to channels
without a slope, attributable to the shot slope's presence. The launcher nearly reaches the cup's
bottom, creating maximum pressure head. Maximum pressure is observed inside the cup within the
xpm range of (0.45, 0.6) Lt. Conversely, minimum pressure is likely to occur in two cup locations, pi
= (0.1, 0.9) Lt. The force magnitude from analytical and numerical calculations aligns well with the
force values, as depicted in Figure 4. The overall error percentage in the desired overflow is
approximately 35% within the interval L (0.8-0). This discrepancy is attributed to a constant input
number in the integral. In the discussion regarding the minimum force locations in the buckets, XPuin
is around 0.1 and 0.6, where the force reaches its lowest value and the required slab thickness is
minimal within that range. One reason for this issue is the decrease in the angle a within this range,
diminishing centrifugal force. This situation transforms the flow into one akin to an open flow, with a
numerical calculation difference of around 5% on a horizontal surface.

Keywords: Cup Launcher, FLOW-3D, Pressurized Flow, Accelerating Force, Slab Design, Dam
Jareh.
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Table 1 Specifications of the numerical model

Dam type Jareh
Scale 1:50
Q (m3/s) 1500

Depth of inlet flow in the channel before the

launcher (m) 2.383
Initial speed (m/s) 32.7
The Froude number of the throwing cup 6.76
Throwing cup width (m) 25
Throwing cup radius (m) 25
Launcher length (m) 19.08
Chute Spillway tilt angle 13.50
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Fig. 5 The speed of the Jareh Dam launcher
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X exp num Percentage Error
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4.51436 -284266 -323617 0.12
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7.59234 -287481 -358927 0.19
8.41313 -277156 -370555 0.27
9.57592 -244825 -360794 0.27
9.91792 -234000 -350948 0.28
11.7989  -7941702 -320533 0.72
16.8947 1458380 610538 0.58
18.2285 2418630 1705230 0.29
19.015 3144640 3278690 0.05
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