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Abstract: Turbulent free surface flows are encountered in many hydraulic and water resources engineering problems. In this 

work, the CFD code "Fluent" is used to study the meshing effect on the hydrodynamic structure around water Darrieus rotor. This 

code is based on solving steady Navier-Stokes equations by a finite volume discretization model. The numerical approach used is 

the multi reference frame (MRF) model. The validation of our computer model is done by the comparison with experimental 

anterior results. 

Keywords: Darrieus Rotor, Meshing Effect, Hydrodynamic Structure, CFD, RANS 

 

1. Introduction 

Hydro-kinetic turbine electricity generation is mainly aimed 

for rural use at sites remote from existing electricity grids. It is a 

useful tool for improving the quality of life of people in these 

locations and for stimulating local economies. These turbines 

also can be considered for the wide variety of application like 

tides, marine currents, channel flows and water flows from 

industrial processes. Different designs of water current turbine 

are available for the extraction of energy from the river water or 

canals. Based on the alignment of the rotor axis with respect to 

water flow, two generic classes exist. They are horizontal axis 

turbine (axial turbines) and vertical axis turbine (cross flow 

turbines). Horizontal axis turbines are mainly used for 

extraction of the ocean energy. These turbines are expensive for 

small power applications. Vertical turbines generally used for 

small scale power generation and these are less expensive anad 

required less maintenance compared to horizontal axis water 

turbines. Savonius turbine, helical turbine, Darrieus turbine and 

H-shaped Darrieus are commonly used vertical axis turbines. 

Various types of water current turbines are being installed and 

tested worldwide for various ranges of powers. The main 

features usually associated with the dynamic stall are the 

shedding vortices and the stall delay. It is well-known that the 

dynamic stall angle exceeds the static stall angle, increasing lift, 

drag and moment coefficients. The presence of the dynamic 

stall has a significant impact on both blade loading and power 

and on their fluctuations. So, the numerical modelling has to 

handle correctly the key features of this complex unsteady flow 

field. The complex vortex shedding structures (Darrieus water 

turbine) visualized by Brochier [1] in the case of a deep stall 

regime. During the seventies and the early eighties, several 

aerodynamic prediction models, called momentum models, 

have been formulated for Darrieus wind turbines. The single 

streamtube model [2], the multiple streamtubes model [3], the 

double-multiple streamtubes (DMS) model [4, 5] are all derived 

from the actuator disk theory introduced by Glauert for 

horizontal axis wind turbines [6]. The blade section 

characteristics are introduced using the experimental static lift 

and drag coefficients. The unsteady effects can be taken into 

account with different empirical models which introduce a 

delay in the blade response [7]. These simplified models have 

been applied with success to Darrieus wind turbines. In the case 

of Darrieus water turbines, no one has attempted to apply these 

models. The vortex method is based on the assumption of an 

incompressible potential flow with all vortices being assumed 

concentrated within the vortex filaments. The blade element is 

replaced with a lifting line or surface that depends on its 

azimuthal position. The Computational Fluid Dynamics (CFD) 

arises as a more general approach to overcome the 

aforementioned limitations. The bases of all CFD algorithms 
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consist in numerical schemes for the Navier Stokes equations 

solution, grid generation techniques and turbulence physical 

modeling. The most known method is the Reynolds-Averaged 

Navier Stokes model (RANS) [8-11]. In this approach, only the 

mean flow is solved, the influence of turbulence being 

introduced using the unknown Reynolds stress tensor. For 

isotropic turbulence, the Reynolds tensor reduces to a scalar 

acting as an additional turbulent viscosity. In this case, the 

turbulent viscosity is related to one or two turbulent parameters 

for which semi empirical transport equations have to be solved. 

Recently RANS models have been compared with experimental 

power, torque, blade loadings or velocity fields. In this 

application, we have conducted a numerical investigation of 

Darrieus rotor for low-head hydropower generation. The 

three-dimensional fluid flow is analyzed using the 

Navier-Stokes equations. The computational method used is 

based on a finite volume discretization. 

The computer results consist on presentation of the velocity 

field, the velocity magnitude, the static pressure, the dynamic 

pressure, the turbulent kinetic energy, the dissipation rate of 

turbulent kinetic energy, the turbulent viscosity and the 

magnitude vorticity. These results offer local information about 

the flow around the turbine inside the duct and improve that the 

axial velocity value is more effective with refinement of the 

mesh. To verify our computer simulations, the axial velocity 

was compared with the experimental results. The good 

comparison between these results indicates the validity of our 

computer method. 

2. Numerical Approach 

In this application, we have conducted a numerical 

investigation of Darrieus rotor for low-head hydropower 

generation. The three-dimensional fluid flow is analyzed 

using the Navier-Stokes equations. The computational method 

used is based on a finite volume discretization. The computer 

results consist on presentation of the velocity field, the 

velocity magnitude, the static pressure, the dynamic pressure, 

the turbulent kinetic energy, dissipation rate of turbulent 

kinetic energy, the turbulent viscosity and the magnitude 

vorticity. These results offer local information about the flow 

around the turbine inside the duct and prove that the axial 

velocity value is more effective with refinement of the mesh. 

2.1. Geometry System and Boundary Conditions 

 

Figure 1. Boundary Conditions. 

The boundary conditions are presented in figure 1 using 

“GAMBIT” software. In the present study, the velocity inlet is 

equal to Vi = 1 m.s
-1

 and the pressure outlet is equal to 

p=101325 Pa. The compartment near the turbine presents a 

rotating moving zone area defined by ω = 25.61 rpm. 

2.2. Meshing 

To study the meshing effect, we have created four mesh 

sizes. The total number of cells are equal to 13821 in the first 

case (Figure 2.a), 330 309 in the second case (Figure 2.b), 956 

054 in the third case (Figure 2.c), and 1 700 000 in the fourth 

case (Figure 2.d). 

 

Figure 2. 3-D views of the meshing. 

3. Numerical Results 

The numerical results are obtained by the application of 

multi-reference frame model. The test section equipped with 

water Darrieus rotor in which we have imposed a constant 

rotational speed ω = 25.61 rad.s
-1

. The turbulent flow is 

defined by the Reynolds number Re = 3.8 10
6
. Particularly, we 

are interested to plot the results for tow mesh resolutions, the 

first with total of cells equal 13 821 and the second with 1 733 

619. 

3.1. Velocity Fields 

Figures 3 and 4 show the distribution of the velocity fields 

in the test section. The considered planes are defined by z=0 m 

and y=0 m. According to these results, it is clear that the 

velocity vectors reach its maximum values in the small gaps 

between the rotor and the duct walls. Around the water 

Darrieus rotor, a rotating movement of the fluid has been 

observed. The recirculation zone of the fluid remains away 

from the rotor. Therefore, energy is transmitted to the rotor 

movement. Around the blades, the maximum value of velocity 

fields is obtained. It is about 3.5 m.s
-1 

with 1 733 619 cells, and 

3.7 m.s
-1

 with 13 821 cells. This fact is due to the special 

shapes of the blades. In the downstream of the rotor, the 
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velocity value keeps decreasing until the out of the test section. 

Then, a sharp increase has been noted through the divergent 

angle where the velocity values are recorded in the lateral 

walls of the duct. Globally, similar results are obtained with 

the different meshing sizes. However, the difference is 

localized in the duct extremity and around the rotor. This 

difference is due to the difference between the sizes of grid. 

 

Figure 3. Velocity fields distribution. 

 

Figure 4. Distribution of the velocity field in the longitudinal plane defined by 

y=0 m. 

3.2. Magnitude Velocity 

 

Figure 5. Distribution of the magnitude velocity in the longitudinal plane 

defined by z=0 m. 

 

Figure 6. Distribution of the magnitude velocity in the longitudinal plane 

defined by y=0 m. 

Figures 5 and 6 present receptively the distribution of the 

magnitude velocity in the longitudinal and longitudinal planes 

defined by z=0 m and y=0 m. From these results, a first view 

shows that the magnitude velocity is found weak in the inlet of 

duct. It is indeed governed by the boundary condition value of 

the inlet velocity witch is equal to 1 m.s
-1

.While approaching 

to the water Darrieus rotor, the velocity field is affected by the 

geometric configuration. In fact, a flow acceleration appears 

in the gap between the rotor and the blades walls. This fact is 

confirmed in the longitudinal plane defined by z=0 m. In the 

downstream of the rotor, the magnitude velocity value keeps 

decreasing until the out of the test section. Then, a sharp 

increase has been noted through the duct where the velocity 

values are recorded in the lateral walls of the duct. This fact is 

confirmed in the longitudinal section plane defined by y=0 m. 

Globally, different results are obtained with the different 

meshing sizes. However, the difference is localized in the duct 

extremity and in the rotating area around the blades. This fact 

is due to the mesh sizes. 

3.3. Static Pressure 

Figures 7 and 8 show the distribution of the static pressure 

in the test section equipped by the water Darrieus rotor. 

According to these results, a considerable increase of static 

pressure has been observed in the upstream of the blades. 

However, a depression zones appear in the downstream. In the 

longitudinal section plane defined by z=0 m, it has been noted 

that the pressure increases slightly in the first part of the test 

section and it decreases rapidly in the rotor downstream. Near 

the blades a compression and depression zones appeared in the 

intrados and extrados respectively. 

 

Figure 7. Distribution of the static pressure in the longitudinal plane defined 

by z=0 m. 

 

Figure 8. Distribution of the static pressure in the longitudinal plane defined 

by y=0 m. 

3.4. Dynamic Pressure 

Figures 9 and 10 illustrate the distribution of the dynamic 
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pressure in the test section equipped by the water Darrieus 

rotor. In the longitudinal planes defined respectively by z=0 m 

and y=0 m, the dynamic pressure is found to be weak in the 

inlet of the test section. It increases gradually through the gaps 

between the walls duct and the rotor. A depression zone is 

recorded in the rotating area around the axis and in the 

downstream of the rotor. The maximum value is obtained in 

the gap between the rotor and the duct walls. Under these 

conditions, the dynamic pressure is equal to 2.5810
3
 Pa with a 

13821 cells, and to 2.410
3
 Pa with a 1 733 619 cells. This 

difference is due to the grid sizes modification. 

 

Figure 9. Distribution of the dynamic pressure in the longitudinal plane 

defined by z=0 m. 

 

Figure 10. Distribution of the dynamic pressure in the longitudinal plane 

defined by y=0 m. 

3.5. Turbulent Kinetic Energy 

Figures 11 and 12 show the distribution of the turbulent 

kinetic energy over the entire test section equipped by the 

water Darrieus rotor. From these results, it is clear that the 

turbulent kinetic energy is very weak in the test section except 

in the area surrounding the rotor. The distribution of the 

turbulent kinetic energy shows the increase of the energy in 

the interior zone of the rotor. From a first glance, it has been 

observed a difference between distributions of the turbulent 

kinetic energy for each meshing sizes. This difference is 

located in the rotating area, exactly around the blades. The 

maximum value of the turbulent kinetic energy is recorded 

around the blades. Under these conditions, the turbulent 

kinetic energy is equal to 0.479 m
2
.s

-2 
with a 13821 cells and to 

0.495 m
2
.s

-2
 with a 1 733619 cells. 

Globally, similar results are obtained with the different 

mesh. However, the difference is localized in the rotating 

area around the blades walls. 

 

Figure 11. Distribution of the turbulent kinetic energy in the longitudinal 

plane z=0 m. 

 

Figure 12. Distribution of the turbulent kinetic energy in the longitudinal 

plane y=0 m. 

3.6. Dissipation Rate of the Turbulent Kinetic Energy 

Figures 13 and 14 show the distribution of the dissipation 

rate of the turbulent kinetic energy in the test section equipped 

by the water Darrieus rotor in the longitudinal and 

longitudinal planes defined respectively by z=0 m and y=0 m. 

In the case of 13 821 cells, the extension of the wake zone 

characteristic of the maximal values of dissipation rate of the 

turbulent kinetic energy is very limited, but in the case of 1 

733 619 cells, it has been noted that the dissipation rate is 

located near the blades walls in the rotating zone. This fact is 

due to the transformation of the turbulent kinetic energy into 

heat. The distribution of the dissipation rate of the turbulent 

kinetic energy in the longitudinal plane shows that a brutal 

increase of the dissipation rate is more important in the 

superior and inferior parts of the blades with a 1 733 619 cells. 

 

Figure 13. Distribution of the dissipation rate of the turbulent kinetic energy 

in the longitudinal plane defined by z=0 m. 

 

Figure 14. Distribution of the dissipation rate of the turbulent kinetic energy 

in the longitudinal plane defined by y=0 m. 
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3.7. Turbulent Viscosity 

 

Figure 15. Distribution of the turbulent viscosity in the longitudinal plane 

defined by z=0 m. 

 

Figure 16. Distribution of the turbulent viscosity in the longitudinal plane 

defined by y=0 m. 

Figures 15 and 16 present the distribution of the turbulent 

viscosity throughout the test section equipped by the water 

Darrieus rotor. According to these results, it has been noted 

that the turbulent viscosity is very important in the upstream of 

the rotating area. A rapid decrease has been observed around 

and downstream of the rotor. Indeed, the turbulent viscosity is 

found to be weak in the duct interior; but it increases 

considerably in the duct’s walls. The maximum viscosity 

values are situated in the duct’s outlet. This fact is confirmed 

in the longitudinal and longitudinal planes defined by z=0 m 

and y=0 m respectively. Under these conditions, the maximum 

value of turbulent viscosity lacalizated in the downstream of 

the duct is equal to 1.61 kg/m.s with a 1 733619 cells and to 

2.01 kg/m.s with a 13821 cells. Globally, similar results are 

obtained with the different meshing sizes. However, the 

difference is localized in the upstream of the rotating area and 

near the wall duct in the downstream. 

3.8. Magnitude Vorticity 

Figures 17 and 18 show the distribution of the magnitude 

vorticity in the test section equipped by the water Darrieus rotor. 

According to these results, the vorticity is found to be near to 

zero almost everywhere except in the region around the rotor. 

The greatest vorticity values are reached in the internal and 

external sides of the blades. The distribution of the vorticity in 

the longitudinal plane defined by y=0 m shows that the 

maximum vorticity values are recorded in the superior and 

inferior parts of the blades. The distribution in the longitudinal 

plane defined by z=0 m shows another maximum value zone in 

the convex surface of the blades. Globally, similar results are 

obtained with the different meshing sizes. However, the 

difference is localized in the extremity of the blades walls. 

 

Figure 17. Distribution of the magnitude vorticity in the longitudinal plane 

defined by z=0 m. 

 

Figure 18. Distribution of the magnitude vorticity in the longitudinal plane 

defined by y=0 m. 

4. Comparison with Experimental 

Results 

Figure 19 shows the different profiles of the dimensional 

axial velocity as function of 2y/D position for different cells 

sizes. These results present the superposition of the numerical 

results gathered from the CFD code “FLUENT” and the 

experimental results of Matsushita et al. [12]. The different 

velocity profiles seem to have the same appearance but the 

velocity values depends on the cell size. Indeed, the greater the 

cell size gets the more, the gap between numerical and 

experimental results is large. The best results regarding 

precision are found for 956 054 and 1733619 cells. Also, it has 

been noted that the resolution time increases with the decrease 

of the size of mesh cells. The best result regarding precision and 

time is found for 956 054 cells. This choice leads to a better 

result with regards to the precision and the resolution time. 

 

Figure 19. Velocity profiles. 
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5. Conclusions 

In this paper, we have studied the meshing effect on the 

hydrodynamic structure around water Darrieus rotor. The 

computer results consist on presentation of the velocity field, 

the magnitude velocity, the static pressure, the dynamic 

pressure and the turbulence characteristics. For the local 

results, it has been observed that the difference is localized in 

the duct extremity and in the rotating area around the blades. 

For the velocity profiles, the same appearance has been 

obtained but the velocity values depend on the cell size. In fact, 

the greater the cell size gets the more the gap between 

numerical and experimental results is large. Indeed, it has been 

noted that the resolution time increases with the decrease of 

the size of mesh cells. 
In the future, we propose to study others numerical 

parameters to improve the numerical simulations. 
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