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Sammanfattning 
Hydrauliska modellstudier av Rusfors dammen tidigare gjort, vars syfte var att undersöka 

återuppbyggnaden lösning för säker urladdning av dess utformning översvämning. I detta arbete 

har två faser computational vätska dynamik simuleringar genomförts för att ge viktiga insikter 

som hjälper bättre begripa de modelltestresultaten. De aspekter som undersöks i numerisk 

modellering inkluderar hastighetsprofilen , strömningsmönstret profil och 

energiförbrukningskapacitet. 

Genom analys av resultaten från numerisk modellering och hydrauliska modellförsök, var den 

modifierade dammen visade sig ha bättre energiförbrukningskapacitet och sediment 

rengöringsförmåga än tidigare dammen. 
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Abstract 
Hydraulic model studies of the Rusfors dam were previously made, the purpose of which was to 

examine the rebuilding solution for safe discharge of its design flood. In this work, two-phases 

computational fluid dynamics simulations were conducted to provide essential insights that help 

better comprehend the model test results. The hydraulic characteristics investigated in numerical 

modelling included the velocity profile, flow pattern profile and energy dissipation capacity. 

Through analysis of the results obtained from numerical modelling and hydraulic model tests, 

the modified dam was found to have better energy dissipation capacity and sediment cleaning 

ability than the previous dam. 
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NOMENCLATURE 

Notations 

Symbol Description 

a Speed of sound (m/s) 

C1ε, C2ε, C3ε Constants in the RNG model of turbulence  

Gb Generation of turbulence kinetic energy due to buoyancy (kg/m/s
3
) 

Gk                            Generation of turbulence kinetic energy due to the mean velocity gradients 

(kg/m/s
3
) 

k                               Turbulent kinetic energy (m
2
/s

2
) 

Mt                                           Turbulent Mach number 

Sk                                            Source term (kg/m/s
3
) 

Sε                              Source term (kg/m/s
4
) 

u, ui                                        Velocity vector/tensor (m/s) 

iu                              Mean components of velocity tensor (m/s) 

P, Pi                                        Pressure vector/tensor (Pa) 

iP                              Mean components of pressure tensor (Pa) 

YM                                          Fluctuating dilation in compressible turbulence (kg/m/s
3
) 

ρ                               Density (kg/m
3
) 

μ                               Dynamic viscosity (mPa.s) 

m                              Mass flow rate (kg/s) 

Abbreviations 

CAD Computer Aided Design 

CFD Computational fluid dynamics 

VOF Volume of fluid method 
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1  INTRODUCTION 

In this chapter, background, previous work, purpose, software used and limitation of this study 

are described. 

1.1 Background 

Rusfors Hydro Power Station is located in the northern part of Sweden by the Ume Älv River. It 

firstly went into operation in 1962, with electricity capacity of 45 MW and a head (drop) of 12.3 

metres. Rusfors dam is equipped with two spillways (see Figure 1) with a total capacity of flow 

discharge of 1625 m3/s, spillway crest is located on +253.9 m. The high and low water levels of 

the reservoir are +264.8 m and +264.5 m respectively.  

 

 

Figure 1 Spillway of Rusfors dam 

In the diver inspections, Rusfors dam was found to be encountering damage in the bottom of 

concrete stilling basin. Meanwhile, some possible reasons for damage occurring were proposed, 

of which, the one with the biggest likelihood is that the concrete structure and vertical drop as 

marked in Figure 2 disturbed the spillway flow in a way that it led to complex flow patterns in 

the stilling basin, the flow drove the debris in the water to damage the basin bottom. 

 

  

Figure 2 Rusfors dam before rebuilding (Per Larsson and James Yang, 2006) 

For the purpose of finding the specific reason of damage occurring, a series of hydraulic model 

tests were performed to study the flow patterns of the previous dam. In this process, the 

rebuilding option was evaluated. The modifications included complete removal of the concrete 

structure in the junction of the chute and stilling basin and cut-off of the vertical drop, as shown 

in Figure 3. 

Based on the rebuilding proposal generated from hydraulic model tests, the rebuilding work was 

accomplished afterward. The lifespan of the spillway was expected to be significantly extended. 

 



 12 

 

Figure 3 Rusfors dam after rebuilding (Per Larsson and James Yang, 2006) 

1.2 Hydraulic model test 

Hydraulic model tests were performed by James Yang and Per Larsson in 2006, with the purpose 

of finding an explanation for the damage in the basin bottom and developing a proposal for the 

modification on the dam. The tests were made at the water flow rate of 812.5 m
3
/s with the 

corresponding downstream water level of +256.6 m. For each test, water flow velocities in 3 

specific sections were measured and recorded in order to evaluate the ability of energy 

dissipation. In addition, the flow patterns of the previous dam and various reconstruction 

proposals were observed and studied with the help of paint and small stones. 

The geometries and dimensions of the previous dam and final rebuilding proposal required for 

numerical modelling were provided in the report “OMBYGGNAD AV RUSFORS– 

HYDRAULISKA MODELLFÖRSÖK”.  

1.3 Purpose 

This project is mainly based on two purposes. One is making numerical simulation for two 

versions of dam to give a better understand of the hydraulic model tests. This is done by 

comparing the results obtained from two studies.  

The other is to gain knowledge of detailed flow patterns in the stilling basin not possible to 

observe in the hydraulic model tests through the numerical simulation. Especially for the 

previous dam with complex flow patterns, hydraulic model tests have provided limited 

information, much more can be observed in numerical modelling. In this project, numerical 

modelling is used to testify the explanation for the damage in the stilling basin bottom of the 

previous dam and evaluate the final rebuilding proposal generated from hydraulic model tests. 

1.4 Software 

The 2D sketches of the Rusfors dam before and after modification were provided by Vattenfall. 

The corresponding 3D-CAD models were created in Autodesk INVENTOR. Then the CAD 

models were transformed to STL-file preparing for grid generation. The structured grids were 

generated using ANSYS ICEM CFD, which is a flexible mesh generating tool for the ANSYS 

Workbench. ANSYS FLUNT was used as the solver and then data files were imported to CFD 

POST for result analysis. 

1.5 Limitation 

The geometry information of the reservoir is not provided in this work, thus, it is defined as a 

regular cuboid after discussion with the supervisor. While it would make a slight difference in 

the result of numerical simulation. 
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2  THEORY 

This chapter presents some theories that the work is based on including turbulence model and 

VOF model 

2.1 Turbulence model 

Almost all fluid flows in our daily life are turbulent. If the flow is turbulent, the variables in 

instantaneous Navier-Stokes equations such as velocity and pressure are preferable to be 

decomposed into mean and fluctuating components. 

'

i i iu u u                                                                         1 

    '

i i iP P P                                                                        2 

Where 
iu and 

iP  are mean velocity and pressure components respectively. '

iu  and '

iP  are 

fluctuating components. 

When this form for the flow variables are substituted into the instantaneous continuity and 

momentum equations and a time (or ensemble) average is taken, ensemble-averaged momentum 

equations are yielded. They can be written in Cartesian tensor form as followed (David C. 

Wilcox, 1998). 
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These equations are called Reynolds-averaged Navier-Stokes (RANS) equations. 

RNG k-ε model is selected as the turbulence model in this work. It owns similar form to the 

standard k-ε model, while with several refinements including an extra term in ε equation and 

consideration of swirl effect on turbulence. With these refinements, compared with the standard 

k-ε model, RNG model has better accuracy for rapidly strained flow and swirling flow which are 

recognized as common flow patterns in dam modelling (ANSYS Inc., 2011).  

The RNG-based turbulence model is derived from the instantaneous Navier-Stokes equations, 

using a mathematical technique called “renormalization group” (RNG) methods: 

   i k eff k b M k
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k
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                           5 
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In these equations, 1G  , 2C  and 3C  are constants. The quantities   and k are the inverse 

effective Prandtl number for and k , respectively. S  and kS are user-defined source terms. 

Term kG represents the production of turbulence, which can be defined as 
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Term 
bG represents the generation of turbulence due to buoyancy, which is given by 

Pr
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Where Prt
is the turbulent Prandtl number for energy and 

ig is the component of the gravitational 

vector in the i th direction. Term  representing the coefficient of thermal expansion can be 

defined as 

1

pT
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Term 
MY is the contribution of the fluctuating dilatation in compressible turbulence to the overall 

dissipation rate, calculated as 

22M tY M                                                                10 

Where tM is the turbulent Mach number, calculated as 

2t

k
M

a
                                                                  11 

Where a represents the speed of sound 
 

2.2 VOF model 

The VOF method is a numerical technique for surface tracking and locating, the formulation of 

which is based on the fact that two phases are not interpenetrating. For each phase in a 

computational cell, a variable between 0 and 1 is given represents the percentage of volume 

occupied by the phase. The variable is called volume fraction. The volume fractions of all the 

phases in one computational cell sum up to 1 (ANSYS Inc., 2011). 

In this project, water is defined as the primary phase and the air is the secondary phase. The 

tracking of the interface between water and air is realized by the solution of a continuity 

equation. For the air phase, the equation is written as 

     
1

1 n

a a a a a a wa aw

pa

v S m m
t
   

 

 
    

 
                                12 

Where a is the density of air (kg/m
3
), awm  and wam are mass transfer from air to water and 

mass transfer from water to air respectively, aS  is the source term of air phase and a is the 

volume fraction of air. 

Momentum equation is solved throughout the domain, and the resulting velocity field is shared 

among the phases. The momentum equation depends on the volume fractions of water and air 

through the density   and the dynamic viscosity (ANSYS Inc., 2011). 

     T

v vv p v v g F
t
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w w a a                                                                    14 



 15 

w w a a                                                                    15 

Where v  is the mixture velocity (m/s), 
w  and 

a  are dynamic viscosities of water and air 

respectively (Pa s), 
w  is the volume fraction of water, 

w  is the density of water (kg/m
3
), g  is 

the gravitational acceleration (m/s
2
) and F  is the gravitational body force (N) 
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3  CFD PROCESS 

In this chapter, the CFD process of this work is presented. The geometries of dam before and 

after modification are introduced, based on which, the structured grid generation and the 

settings of boundary conditions are described. 

3.1 Geometry 

The spillway is 15 m wide, the width increases from the bottom of the chute, finally to 17 m in 

the stilling basin. The elevation of spillway crest is +253.9 m. Downstream of the spillway crest, 

there are four primary sections including the horizontal flat, the vertical drop, the chute and the 

stilling basin. In the junction of the chute and the stilling basin, there exists a concrete structure 

consisting of two supporting plates in the flow direction and a roof on it (see Appendix B). The 

elevation of concrete roof is +249.9m . It is believed that the structure was used for timber 

floating during the construction time and abandoned afterwards without any further treatment. In 

the end of the stilling basin, there is a short slope set to 26.6
o
 with the horizontal. More details of 

prototype geometry are displayed in Figure 4 and Figure 5 (Per Larsson and James Yang, 2006). 

 

Figure 4 Top view of the previous dam (Per Larsson and James Yang, 2006) 

 

Figure 5 Longitudinal profile of the previous dam (Per Larsson and James Yang, 2006) 

After rebuilding work, the concrete structure is completely removed and the vertical drop is cut 

off with the same slope angle of the chute. As shown in Figure 6 and Figure 7, the modified parts 

are shadowed.  

 

 

Figure 6 Top view of the modified dam (Per Larsson and James Yang, 2006) 
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Figure 7 Longitudinal profile of the modified dam (Per Larsson and James Yang, 2006) 

For previous and modified dam, the geometries appear symmetrical form the spillway crest to 

the stilling basin. For the purpose of decreasing time cost on grid generation and simulation 

process, only half of the geometries were selected for 3D-CAD models making. 

 

3.2 Grid generation 

In general, grid can be classified into three categories: 

 Unstructured grid: This type of grid is identified by irregular connectivity, the elements of 

which have no particular ordering. Because of the irregular grid distribution, the 

neighbourhood connectivity of the different cells is explicitly stored which lead to a 

requirement of large storage space (Marshall Bern and Paul Plassmann, 2000). 

 Structured grid: This type of grid is identified by regular connectivity, the neighbourhood 

connectivity is expressed by a two or three-dimensional array which can significantly 

decrease the storage requirement. Compared with unstructured mesh, a well-designed 

structured grid can give a simulation of much higher accuracy. However, it requires the user 

to give a lot of effort in relating the grid to actual flow pattern. The process of generating 

such grid could be tough especially when dealing with complex geometry (Marshall Bern 

and Paul Plassmann, 2000). 

 Hybrid grid: This type of grid contains a mixture of structured portions and unstructured 

portions. For the regular parts of the geometry, structured grids can be employed and for 

those that are complex, unstructured grids can be used. It is considered to be a useful 

solution if the full structured grid is impossible to make (D.J. Mavriplis, 1996). 

In this work, considering the geometries are relatively regular (the geometry around the concrete 

structure is complex), the focus was kept on creating structured grids for two versions of dam. 

ANSYS ICEM CFD was selected as grid creating software for its well-documented user guide. 

The grid in computational domain of the previous dam contains 124256 hexahedral cells, as 

shown in Figure 8. The process of creating grid is described in detail in Appendix A. 
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Figure 8 Grid on computational domain of the previous dam 

Figure 9 shows the grid on longitudinal profile of the previous dam. The grid was refined at 

several positions on the dam: 

 On the junction area of the reservoir and the dam body. 

 On the small gap locating near the spillway crest. 

 Around the vertical drop. 

 Around the concrete structure where the flow is proved to be complex through the hydraulic 

model tests. 

 Over the concrete structure where the flow velocity is supposed to be large. 

 

 

Figure 9 Grid on longitudinal profile of the previous dam 

Figure 10 shows the grid on concrete structure and vertical drop of the previous dam. A lot of 

efforts were put on the grid generation and refinement on the concrete structure with relatively 

complex geometry, since a tiny change of grid on the concrete structure would disturb the overall 

grid distribution. 

 

 

Figure 10 Grid on concrete structure and vertical drop of the previous dam 
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The geometry of modified dam is much simpler than the previous dam, for the sake of saving 

time on simulation, a relatively simple grid was created which contains 63870 hexahedral cells in 

computational domain, as shown in Figure 11. 

 

 

Figure 11 Grid on computational domain of modified dam 

Figure 12 shows the grid on longitudinal profile of modified dam. The grid was refined at several 

positions on the dam: 

 On the junction area of the reservoir and the dam body. 

 On the small gap locating near the spillway crest. 

 On the top of the chute. 

 On the junction area of the chute and the stilling basin 

 Near the base of the spillway and the stilling basin 

 

 

Figure 12 Grid on longitudinal profile of the modified dam 

The grid on the chute and stilling basin appears more regular when the vertical drop and concrete 

structure are removed, as shown in Figure 13. 

 

 

Figure 13 Grid on chute and stilling basin of the modified dam 



 21 

 

3.3 Boundary condition 

The boundary conditions were first roughly defined in ANSYS ICEM CFD, then the grids were 

imported to ANSYS FLUNT for detailed definition of boundary conditions and simulation.  

In Figure 14, the boundary conditions for the previous dam are defined, a symmetry condition is 

given to the center plane. The top surfaces of the reservoir, the chute and stilling basin are all 

connected with the atmosphere and are treated as air pressure inlets, allowing air flow freely in 

and out. The upstream reservoir boundary contains both air and water. For the air portion, the 

boundary is defined as air pressure inlet. For the water portion, the boundary is specified as a 

water velocity inlet since the flow rate is known. In order to keep the downstream water level to 

+256.6 m, the hydrostatic pressure is applied to the downstream boundary. It is implemented by 

means of a user-defined function that at a water depth of h , the hydrostatic pressure  p h  can 

be calculated as 

 p h gh                                                                      16 

Where  is the density of water. 

The remaining boundaries including the surfaces of concrete structure are treated as walls. 

 

Figure 14 Boundaries of computational domain for the previous dam 

 

 

 

 

 

 

 

 

 

 



 22 

For boundaries of modified dam, as shown in Figure 15, they have the same settings as the 

previous dam. 

 

 

Figure 15 Boundaries of computational domain for the modified dam 

3.4 Grid independence 

For previous dam, a coarse grid with 37104 cells was made for checking grid independence of 

ordinary grid with 124256 cells. The mass flow rate through spillway crest was monitored and 

recorded in the process of simulations. The results are shown in Figure 16. 

 

Figure 16 Grid independence checking for the previous dam 

The deviation between two curves is less than 2% after the simulations reach to the stable state, 

it implies that the solution for the ordinary grid is grid-independent. 
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For modified dam, a coarse grid with 12117 cells was made for checking grid independence of 

ordinary grid with 63870 cells. The mass flow rate through spillway crest was monitored and 

recorded in the process of simulation. The result is shown in Figure 17. 

 

 

Figure 17 Grid independence checking for the modified dam 

The difference between two curves is slight along the timeline, implying that the solution for the 

ordinary grid is grid-independent. 
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4  RESULT ANALYSIS  

In this chapter, some results of numerical modelling are presented. These results are used to 

help understand the hydraulic model tests. 

4.1 Velocity in the stilling basin. 

Velocity patterns in the stilling basin before and after modification are studied in hydraulic 

model tests. In the process of the hydraulic model tests, velocities of three sections (section A, B 

and C) in the stilling basin are measured, as shown in Figure 18, section A locates near the 

outlet, section B is in the middle of basin and section C locates in the junction of the chute and 

stilling basin. Five measuring positions are uniformly distributed in each section, the measuring 

points are just below the water surface where the water velocity is supposed to be locally largest. 

 

Figure 18 Location of sections (Per Larsson and James Yang, 2006) 

In the numerical simulation, flow velocities at the same points (three points in each section since 

only half of the dam is simulated) are recorded and plotted with the time change. As marked in 

Figure 18, point 1 is near the sidewall, point 3 locates in the center plane and point 2 is between 

point 1 and point 3 

4.1.1 Velocity patterns of the previous dam 

Figure 19 shows the distribution of flow velocity on the center plane of the previous dam. The 

recording sections are marked in the figure. 

 

 

Figure 19 Velocity contor of the previous dam on center plane 
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Figure 20, Figure 21 and Figure 22 show the velocity patterns on three sections of the previous 

dam. Values from simulation time 60s to 100s are selected for the calculation of average 

velocities since the flow patterns are found relatively stable after 60s. 

 

Figure 20 Velocities on section C of the previous dam 

 

Figure 21 Velocities on section B of the previous dam 

 

Figure 22 Velocities on section A of the previous dam 
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Figure 20 shows that the velocities in section C are stable with the time change. In Figure 21 and 

22, large fluctuation frequencies and ranges are observed. To be exact, velocities in section A 

fluctuate from 0 to 12 m/s while in section B, it changes in a tighter range which is between 6 

and 14 m/s. These findings indicate that the flow patterns become more and more complex along 

the stilling basin of the previous dam. 

In the report of hydraulic model tests for the previous dam, average velocities at measuring 

points of section A and B are presented, the result is shown in Table 1. Correspondingly, the 

result from numerical modelling is shown in Table 2. 

Table 1 Average velocities on section A and B of the previous dam  

measured in hydraulic model tests (Per Larsson and James Yang, 2006) 

Measuring 

position 

Average Velocity (m/s) 

Section B Section A 

Point 1 10.6 5.0 

Point 2 11.2 8.3 

Point 3 11.3 8.8 

 

Table 2 Average velocities on section A and B of the previous dam  

recorded in numerical simulation 

Recording 

position 

Average Velocity (m/s) 

Section B Section A 

Point 1 11.6 4.4 

Point 2 11.8 8.5 

Point 3 11.2 7.5 

The values of velocities in section A and B obtained from model tests and numerical modelling 

match well with each other if slight differences are allowed. 
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4.1.2 Velocity patterns of the modified dam 

Figure 23 shows the distribution of flow velocity on the center plane of the modified dam. The 

recording sections are marked in the figure. 

 

 

Figure 23 Velocity contor of the modified dam on center plane 

Figure 24, Figure 25 and Figure 26 show the velocity patterns on three sections of the modified 

dam. Values from simulation time 60s to 120s are selected for the calculation of average 

velocities since the flow patterns are found relatively stable after 60s. 

 

Figure 24 Velocities on section C of the modified dam 



 29 

 

Figure 25 Velocities on section B of the modified dam 

 

Figure 26 Velocities on section A of the modified dam 

From the plots above, it can be found that for the modified dam, the velocities in section C are 

highest with an average of 12 m/s, and it is around 5 m /s in section B and section A. Which 

indicates the flow velocity decreases rapidly from section C to section B, while from section B to 

section A, the changes are slight. 

Velocities in section C owns a small fluctuation range which reads between 10 to 14 m/s. While 

in section B and A, the velocities change in wider ranges (0-10 m/s in B, 2-10 m/s in A). 

However, no specific deduction of flow complexity along the stilling basin can be made since 

the fluctuation frequencies of velocities in three sections are equally high 
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In the report of hydraulic model tests for the modified dam, average velocities at measuring 

points of section A are presented, the result is shown in Table 3. Correspondingly, the result 

from numerical modelling is shown in Table 4. 

Table 3 Average velocities on section A of the modified dam  

measured in hydraulic model tests (Per Larsson and James Yang, 2006) 

Measuring 

points 

Average velocity 

(m/s) 

Section A 

Point 1 3.6 

Point 2 3.8 

Point 3 3.8 

 

Table 4 Average velocities on section A of the modified dam  

recorded in numerical simulation  

Measuring 

points 

Average velocity 

(m/s) 

Section A 

Point 1 4.4 

Point 2 5.2 

Point 3 5.2 

The values of velocities in section A of modified dam obtained from numerical modelling 

appears larger than those of hydraulic model tests. 

 

4.2 Flow patterns of the previous dam 

In the process of hydraulic model tests, stones and paint are used to study the flow patterns of the 

previous dam. Some obtained deductions are verified and some phenomenon is explained in 

numerical simulation. 

4.2.1 Flow patterns in the stilling basin 

The flow pattern in the stilling basin of the previous dam is studied in the hydraulic model test, 

as shown in Figure 27. When placing stones separately on the base of the stilling basin, it is 

found that most stones accumulate below the concrete roof after a few moments. Then, the 

stones are essentially stationary without any clear pattern of movement being observed. When 

adding paint near the base of the stilling basin, the paint is found flowing back. Those findings 

indicate that the direction of the base current in the stilling basin is negative and the flow blow 

the concrete roof is weak (Per Larsson and James Yang, 2006). 
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Figure 27 Model test of the previous dam (Per Larsson and James Yang, 2006) 

These deductions are proved in numerical simulation by studying the vector diagrams of the flow 

velocity in the stilling basin. The velocity diagrams of the center plane and an inside plane are 

displayed in Figure 28 and Figure 29, the arrow head represents the direction of flow and the 

magnitude of the velocity can be told from the color. It can be found that the flow in the stilling 

basin is separated into two layers, the upper current flows in positive direction with high velocity 

and the base current flows in negative direction with low velocity. Along the separating line, 

there exist several small vortices. The flow velocity below the concrete roof is found extremely 

low and the direction of the flow is stable with the time change. 

 

 

Figure 28 Velocity diagram of center plane 

 

Figure 29 Velocity diagram of inside plane 
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4.2.2 Flow patterns around the concrete structure 

In the hydraulic model tests, flow pattern around the concrete structure is studied. As shown in 

Figure 30, when adding paint between the vertical drop and concrete structure, the paint is found 

spreading out in a low speed (Per Larsson and James Yang, 2006). The explanation is found in 

numerical simulation. 

 

 

Figure 30 Model test of the previous dam (Per Larsson and James Yang, 2006) 

The velocity diagrams around concrete structure are displayed in Figure 31 and Figure 32, the 

arrow head represents the direction of flow and the magnitude of the velocity can be told from 

the color. It can be found that most of water flows over the space between the vertical drop and 

the concrete structure with high velocity. Meanwhile, a stable vortex is created in the space, the 

shape of which differs slightly with time change. In addition, the flow velocity below the 

concrete roof is extremely low and the base current in the stilling basin is negative. These factors 

lead to the slow spreading of paint between the vertical drop and the concrete structure. 

 

 

Figure 31 Velocity diagram of center plane 
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Figure 32 Velocity diagram of inside plane 

 

4.3 Flow patterns of the modified dam 

In the process of hydraulic model tests, paint and stones are used to study the flow patterns of the 

modified dam. As shown in Figure 33, the paint spreads out rapidly when added near the base of 

the stilling basin. And at sedimentation experiment, all stones are flushed out. It is indicated that 

the direction of the base flow is positive and the base current is strong (Per Larsson and James 

Yang, 2006).  

 

 

Figure 33 Model test of the modified dam (Per Larsson and James Yang, 2006) 
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The deduction is verified in numerical simulation by checking the velocity diagrams in the 

stilling basin. As displayed in Figure 34 and Figure 35, the arrow head represents the direction of 

flow and the magnitude of the velocity can be told from the color, it is found the direction of the 

base flow is positive and the velocity of the base flow is relatively large. 

 

 

Figure 34 Velocity diagram of center plane 

 

Figure 35 Velocity diagram of inside plane 
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A hydraulic jump is observed in the stilling basin when checking phase diagrams of center plane 

and inside plane, as shown in Figure 36 and Figure 37. The water at high velocity flows into the 

stilling basin where the water is at lower velocity, which leads to a rather abrupt rise in the water 

surface. In this process, the flowing water with high velocity is abruptly slowed and increases in 

height, converting some of the flow's initial kinetic energy into an increase of potential energy 

with some energy lost through turbulence to heat. 

 

 

Figure 36 Phase diagram of center plane 

 

Figure 37 Phase diagram of inside plane 
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5  DISCUSSION AND CONCLUSIONS 

In this chapter, discussion and conclusions are made. The conclusions are based on the result 

analysis in Chapter 4. 

5.1 Discussion 

The geometry of the reservoir is self-defined since it is not provided from the company and it is 

not possible to do investigation in this project. Thus, the simulation result may not reflect the real 

situation of flow patterns in Rusfors dam. 

As mentioned in section 1.3, in this work, the numerical simulation is made to give a better 

explanation of phenomenon observed in hydraulic model tests and provide an evaluation of the 

modification on the dam. Therefore, the settings (water flow rate, reservoir water level, and 

downstream water level) of numerical simulation is kept the same as hydraulic model tests. In 

simulation, the water flow rate is converted into velocity uniformly distributed on the inlet. Thus, 

a longer reservoir will give a more accurate result of the simulation. However, considering the 

longer reservoir will also increase the time cost in calculation, a relatively short reservoir is 

made. 

Besides of velocity inlet, the upstream water boundary is also considered to be defined as 

pressure inlet for the sake of studying the difference of simulation results between these two 

settings and deciding which one can give a better simulation for this project. However, the plan 

is abandoned for lacking of computational resources. 

5.2 Conclusions 

The explanation of the damage occurring on the bottom of the stilling basin is found in the 

hydraulic model tests, through the analysis of the results obtained from numerical simulation, the 

explanation is confirmed. For the dam before rebuilding, the sediment in the stilling basin cannot 

be flushed out since the direction of base current in the stilling basin is negative. The base of the 

stilling basin is eroded because of the accumulation of the sediment. The problem is solved after 

the rebuilding work on the Rusfors dam. Based on hydraulic model tests, the direction of base 

current in the stilling basin is positive after the rebuilding work. In addition, the rebuilding work 

has also increased the velocity of the base current which has enough strength to flush out 

sediment in the stilling basin. These findings are also verified in numerical modelling. Thus, the 

conclusion can be made that the rebuilding work has significantly increased the ability of 

damage prevention in Rusfors dam. 

After studying the velocity patterns in the stilling basin, the modified dam is found to have a 

better ability of energy dissipation than the previous dam. To be exact, the previous dam has 

poor performance on energy dissipation since the flow along the stilling basin keeps in high 

velocity. The rebuilding has significantly increased the turbulence of the water in the stilling 

basin, thus, a hydraulic jump is observed in numerical simulation which leads to the rapid 

decreasing of flow velocity in the stilling basin. 
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6  FUTURE WORK 

In this chapter, the recommended future work is listed. 

6.1 Future work 

As mentioned in section 1.5, the lacking geometry of reservoir may make a difference in the 

simulation. Thus, in the future, after investigating the geometry of the reservoir, a totally new 

simulation can be made to give more accurate results. 

In this work, the numerical simulation was done with a constant flow rate of 812.5 m
3
/s. 

However, with different flow rate, the flow patterns of the Rusfors dam could be different, which 

indicates the work of numerical simulations under different flow rates. 

This thesis is focused on making numerical simulations of existing models with a lower 

requirement of specialized knowledge. However, more efforts can be put on the generation and 

evaluation of new modification proposals in the future. 
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APPENDIX A: PROCESS OF GRID GENERATION 

The process of grid generation for the previous dam is described below. 

1. Import the geometry 

 
2. Create the surfaces and bodies 

 
3. Define the mesh setup for surfaces and bodies 

 
4. Create initial block for the geometry 
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5. Split initial block, delete unnecessary blocks and making blocks fit the geometry of dam. 

Associating points of the geometry to vertexes of the blocks and associate curves of the 

geometry to edges of the blocks. 

  
6. Generate pre-mesh. 

 
7. Change the number of nodes and mesh law on the edges as required. 

 
8. Define boundary conditions, selecte Ansys Fluent as the solver and output mesh 
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APPENDIX B: LAYOUT OF RUSFORS DAM 

 


