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In this research, the flow behavior in the secondary bottom outlet of the Roudbar- Lorestan Dam
was numerically analyzed using ANSYS CFX software, with an emphasis on predicting the length
of the issuing jet and the possibility of cavitation occurrence. For validation, the outputs of the
numerical model were compared with experimental results obtained from the dam’s reduced-scale
physical model (1:20). The meshing process and grid independence study showed that using cubic
elements with approximately 900,000 elements could reduce the error in the issuing jet length to
less than 8%. After evaluating various turbulence models, the K—® model was selected as the
superior turbulence model with a mean relative error of 7.88%. Furthermore, the results indicated
that at the maximum flow rate, the simulated jet length was predicted to be about 22% shorter than
the initial design state. Analysis of local pressures and the cavitation index also showed that in the
high-velocity flow regions and near the gate, the cavitation index reached a minimum value of
0.78, which is close to the threshold for the occurrence of cavitation. In contrast, the values of this
coefficient in the middle and end sections of the jet were higher than 1.2, and the probability of
cavitation in these areas was assessed as very negligible. Overall, the findings of this research
demonstrate that numerical simulation can be used with high accuracy, exceeding 95%, in
predicting the jet length and evaluating cavitation conditions, and is considered an efficient tool
for the analysis and optimization of the design of dam bottom outlet.

Extended Abstract

1. Introduction

secondary bottom outlet of the Roudbar-Lorestan Dam after its commissioning. These problems include an unauthorized

r I \he importance and necessity of conducting this research arise from the occurrence of operational problems in the

increase in the exiting jet length from flip bucket and the occurrence of significant erosion downstream of the structure,
necessitating the modification and improvement of the bottom outlet performance. In this regard, the Water Research Institute
of the Ministry of Energy proposed several remedial options to address these technical deficiencies in a physical model with a
1:20 scale. On the other hand, given the complex nature of high-velocity flows and the existence of such phenomena as
cavitation in these types of structures, the possibility of directly measuring and recording certain critical parameters like
pressure and flow velocity at key points of the outlet is highly limited or practically impossible due to implementation and
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safety constraints. Furthermore, investigating the potential for cavitation and its associated damages through field tests,
especially under critical conditions or at full scale, would be extremely costly and time-consuming. Accordingly, conducting
numerical studies and utilizing the capabilities of the ANSYS CFX simulation software can serve as an efficient, cost-effective,
and accurate tool for analyzing the hydraulic behavior of the structure, evaluating the corrective options, and enhancing the
safety and performance of the dam's lower outlet. This approach can play a significant role in ensuring the sustainable and
successful operation of this structure.

2. Material and Methods

In this research, a two-phase water-air flow simulation of the secondary bottom outlet of the Rudbar-Lorestan Dam after
the control gate was performed using ANSYS CFX software, and the effect of changing the geometry of the outlet channel
structure on the jump length and fluid jet was investigated. In this study, first, the geometric model was created in SolidWorks
software, and then its blocking was completed in ANSYS DesignModeler. In ANSYS CFX software, the governing equations
for the flow (the Navier-Stokes equations) are solved using the Finite Volume Method (FVM).

3. Results

After performing detailed numerical simulations using a meshed network comprising 900,000 elements and employing the
k—o turbulence model, the exiting jet length was investigated and analyzed. The results of these simulations, separated by the
degree of gate opening (100 and 50 percent), are listed in Tables 1 and 2, respectively. For a more comprehensive analysis and
better assessment, the maximum (upper) and minimum (lower) values of the exit jet length are also measured and presented in
these tables.

Table 1 Numerical Simulation Results with 100% Gate Opening

3 Jet length (m) Bottom outlet propertis Physical
Qp (m’/s) low high 0 R(m) Model
0.091 1.35 2.05 40 10 1
0.091 0.44 2.03 14 10 2
0.091 0.94 1.75 30 15 3
0.091 0.44 1.73 16 15 4
0.091 0 1.64 - - 5

Table 2 Numerical Simulation Results with 50% Gate Opening

3 Jet length (m) Bottom outlet propertis Physical

Qv (ms) 55 high 0 R(m) Model
0.054 7.03 7.57 40 10 1
0.054 3.9 4.77 14 10 2
0.054 6.54 7.69 30 15 3
0.054 4.67 5.63 16 15 4
0.054 0 1.47 - - 5

4. Conclusions

The study of a physical model of a RUDBAR LORESTAN dam's bottom outlet revealed that the exiting jet length is a
function of the flow rate, boundary conditions, and divergent channel geometry, increasing significantly with higher flow rates.
Numerical simulation using ANSYS CFX and the K- turbulence model successfully reproduced this trend with a mean relative
error of 7.88% and a high prediction accuracy of over 95%. However, absolute value discrepancies were noted, and at maximum
flow rate, the simulated jet length was predicted to be 22% shorter than the initial design. Analysis of the cavitation index (a
minimum of 0.78 near the gate) indicated a cavitation risk in high-velocity regions near the gate, whereas the risk was negligible
in the middle and end sections of the jet. Overall, this research confirms the validity and efficiency of combining experimental
and numerical methods for hydraulic behavior analysis, jet length prediction, and cavitation assessment, which can be applied
to the safe operation of dams and the optimal design of similar outlets.
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