
 

3D Numerical Simulation Analysis for desilting 

tunnel of Shihmen Reservoir 

Ming-Lung Li, Ho-Cheng Lien, Shou-I Chen, Yao-Cheng Kuo and Chaur-Gong 

Jong 

Abstract 

In the rehabilitation project for the pressure steel pipes of the power plant in Shihmen 

Reservoir, the pipe is rebuilt to be a desiltation pipe. It is expected that the silt in the 

reservoir can be moved to the downstream so as to enhance the capacity of the Shihmen 

reservoir and associated power plant according to the desiltation strategy. Recently, the 

computation speed of the computer is largely improved so that the 3D numerical 

simulation can be easy implemented for the full-scale physical experiment in order to 

investigate the applicability of the 3D numerical model on the hydraulic structure. 

Therefore, this study aims at adopting a commercial 3D numerical model, i.e. ANSYS 

CFX, validate the results from the hydraulic model test carried out by Water Resources 

Planning Institute in 2008 are used as a validation case. In this study, the comparison 

between the physical model and the numerical model would be made by taking into 

account the infiltration ratio of trash rack K value. The results of the model validation 

indicate that the pressure values at different positions calculated by the numerical model 

are consistent with the results from the physical model. This implies the numerical model 

can capture the behavior of the pressure estimated by the physical model and provides the 

detail analysis for the flow field. 
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1 Introduction 

Shihmen Reservoir has operated for fifty years since 1963s, it contains five goals that 

supply for water, irrigation, electricity production, sightseeing, and flood protection. 

These not only push for local commercial development but protect Taipei from flood, 

Shihmen Reservoir is the important facility for country.. After the 921 earthquake , it 

cracked the debris in catchment, and the water in Shihmen Reservoir had been turbid 

which happened for the other hurricane came from 2001 to 2005. As specially for 

Typhoon Aere, it caused poor supply for water to Taoyuan city, and decreased the effect 

for the water catchment capacity. 

In the rehabilitation project for the pressure steel pipes of the power plant in Shihmen 

Reservoir, the pipe is rebuilt to be a desiltation pipe. It is expected that the silt in the 

reservoir can be moved to the downstream so as to enhance the capacity of the Shihmen 

reservoir and associated power plant according to the desiltation strategy. Recently, the 



computation speed of the computer is largely improved so that the 3D numerical 

simulation can be easy implemented for the full-scale physical experiment in order to 

investigate the applicability of the 3D numerical model on the hydraulic structure. 

2 Numerical methods 

We assume that the liquid and the air layer drugs mixed flow in the external auditory 

canal and middle ear cavity. Consider the effect of gravity. In addition, there is no phase 

transition occurs. Governing equations used to calculate the mixture velocity and pressure 

phenomena. 

Continuity equation 
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Momentum equation 
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In the equation,  is the volume fraction for α,  is the density for α, u
is the speed for 

α,   is the viscosity for α, pN
 is the total number for the phases, 

)(dc is the resistance 

between the two phases exchange coefficient, 



m  is the rate for mass exchange between 

the phases, and p
 is the pressure for α. 

The volume fraction must meet the following conditions: 
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In the equation, assume the phases were the same pressure. 

ppp  1 ,   pN2
        

ANSYS CFX model for the free surface treatment, also has a volume fraction weighting 

method and the level set method of the function, it can be different for the reservoir water 

level elevation simulation analysis. Shimen reservoir silting plant improvement projects 

main goal, the Department will flow into the reservoir during the typhoon's arrival in 

muddy water plant density flow inlet, the water plant can be contacted by road will be 

muddy water discharge pipe pressure reservoir. Therefore, the power plant on the 1st 

penstock connected manifold articulation original two generator sets operate at high water 

flow 110CMS (per unit for the 55CMS), power plants will be replaced by the 2nd row of 

sand penstock Road, the design flow is 300CMS, Total emissions from power plants 

silting improve the design flow 410CMS. 



Build computational grid shown in Figure 2. While both accuracy and numerical 

simulation of computational efficiency, this study also conducted a grid independence 

test. In this study, the number of grids were built 600,000, 1,000,000 and 1,500,000 the 

number of grids, each grid in Table 1 is the number of outlet flow simulation, we can see 

from the table, one million simulations of the number of grids traffic has been with 1.5 

million the number of simulation results are consistent grid, display grid number reached 

100 million or more as long as it does not affect the accuracy of the simulation results, 

therefore, this study adopts 1,000,000 number of grids and grid's configuration. 

 

Fig. 1 The 3D numerical simulation boundary condition of reservoir 

 

Fig. 2 The computational grid of the 3D numerical simulation 

3 Flow field analysis  

The three-dimensional numerical simulation of the reservoir is carried out for the three-

dimensional flow field in the flow field phenomenon of the No. 2 pressure steel pipe 

drainage channel, the negative pressure zone of the branch pipe, the force of the pipe and 

the branch pipe flow on the pipe wall, the shear stress of the pipe wall and the mud sand 

analysis. Analyze and review the distribution of flow fields under different water level 

elevations, mud sand concentrations and water outlet conditions. 



After the rate is determined, the column sand barrier permeability coefficient K is 8*10-9 

and the pipe wall roughness R value is 0.003. We calculate the flow in the No. 2 pressure 

steel pipe under different outlets and different water level elevations. Field phenomenon. 

Observe the velocity vector diagram of the branch pipe of the No. 2 pressure steel pipe in 

the power plant to the water outlet, as shown in Figure 3. When the fluid flows through 

the branch pipe, the space velocity suddenly decreases, the fluid velocity decreases, the 

fluid maintains the inertial flow direction, hits the pipe wall of the pressure steel pipe, and 

the broken area of the steel pipe becomes smaller, causing the fluid to accelerate inside 

the branch pipe. A fluid stagnation zone is formed on both sides of the diverging tube, 

and the fluid velocity here is almost zero. The higher the sediment concentration in the 

sputum, the higher the fluid density. In theory, the higher the fluid density, the slower the 

fluid flow rate. However, the weight percentage of the sediment concentration we refer 

to is very small, and the fluid velocity is not changed. Cause too much change. The 

numerical simulation results show that the larger the mud sand concentration is, the 

smaller the fluid velocity is due to the setting of the water outlet boundary. The same 

water level elevation is small, the outlet pressure is larger, and the pressure difference 

between the water inlet and the water outlet is smaller. The fluid velocity is also relatively 

small. The smaller the outlet pressure, the larger the pressure difference between the water 

inlet and the water outlet, and the higher the fluid velocity 

 

Fig. 3 Local velocity vector distribution near the water outlet 

4 Concentration analysis of Sediment 

The research team has held a working meeting with the water testers of the Water 

Regulation Institute for many times, and actually visited the hydraulic test operation 



process to understand that during the test, the mudstone concentration attenuation rate of 

the muddy water is extremely small (less than 5%). The sedimentation effect of muddy 

sand is not significant. Therefore, in the treatment of three-dimensional numerical 

simulation, it should be treated with air-hydrophobic two-phase flow, and the 

hydrophobic part is simulated by the mixed density of water sand. 

In this study, the test results of the sand-bearing water concentration of 5.5*104 ppm (= 

55 kg/m3) provided by the hydraulic test laboratory will be used as a simulation 

verification case. We first convert the hydrophobic concentration into a volume 

percentage, and use the volume fraction to calculate the uniform mixing density of the 

hydrophobic water. The mixing density can be calculated by the following formula： 

 

 

It is calculated that the mixing density of the hydrophobic water is 1034.2 kg/m3 when 

the hydrophobic concentration is 5.5*104 ppm, and the mixing density of the hydrophobic 

water is 1062.3 kg/m3 when the hydrophobic concentration is 105 ppm. 

Fig.4 shows the pressure distribution along the outlet of the No. 2 pressure steel pipe 

discharge channel of the power plant under the concentration of 5.5*104 ppm of water. 

At the entrance, due to the increased density of the reservoir, the inlet pressure (measured 

at the first point) will be raised to a height of 58 m (water) at a head height of 54 m (clear 

water). The simulation results are also consistent with the trend of the measured values. 

The simulated pressure head is raised from 58 m (clear water) to 60 meters high (water), 

and the error is about 2 m. 

In addition, the simulated and measured values along the process pressure are also quite 

consistent. As mentioned above, before the 11th point of the measurement position, the 

position of the steel pipe is sufficient to provide friction loss and convert to pressure 

energy due to the decrease in the elevation of the steel pipe. Therefore, the simulated 

pressure head increases along the path; after the 11th point of the measurement position, 

the pressure energy needs to be used to overcome the friction loss, so the simulated 

pressure head will become smaller along the path. Overall, from the above comparison 

results, under the same conditions of K and R values, the verification results of the 

pressure distribution along the drainage line of the No. 2 pressure steel pipe of the power 

plant are also very good 

On the other hand, in the above-mentioned drowning case, the three-dimensional 

numerical simulation calculated that the outlet flow rate of the sand discharge channel 

was 251.4 CMS, which was reduced by 22.8 CMS compared with 274.2 CMS at the time 

of clear water, which was reduced by about 8.3%, indicating a high sandy water flow. 

Will reduce the flow of steel pipe drainage 



 
Fig. 4 Distribution of pressure along the outlet of pipe discharge channel of power plant 

After completing the verification of the above-mentioned drowning case, we carried out 

a series of case design and numerical simulations for different power plant outflow 

conditions, reservoir water level elevation and drowning water concentration conditions. 

The operation of No. 1 pressure steel pipe of power plant will not affect The outlet flow 

of the No. 2 pressure steel pipe drainage channel of the power plant is mainly affected by 

the reservoir water level elevation and the reservoir water concentration (as shown in 

Figure 5), so the above data is used for regression analysis to obtain the sand drainage 

channel. The relationship between the drowning flow is as follows： 

CzfQ 000456.01.12   
 

Where Q is the flow rate (CMS); zf is the reservoir water level elevation (m); C is the 

hydrophobic concentration (ppm). The R-square of the above formula is 98.3%, which 

can provide sufficient precision for subsequent sand volume analysis 

 

Fig. 5 Relationship between the outlet of the sand discharge channel and the water level 

elevation and sediment concentration of the reservior 



5 Conclusions 

In this study, the reservoir water surface elevation, mud sand concentration, and the 

No. 1 pressure steel pipe of the power plant and the No. 2 pressure steel pipe output of 

the power plant are defined as the risk factors affecting the pressure distribution of the 

steel pipe, including the muddy sand concentration, the reservoir water surface elevation 

and the right end of the power plant No. 2 steel pipe diverging pipe. The outlet flow rate 

is a sensitive factor affecting the pressure distribution in the steel pipe. 
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