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Abstract:With the increase of carbon dioxide emissions and 

greenhouse gases generated by the consumption of fossil fuels, 

this research considers the use of alternative energy sources, like 

the tidal energy which stores and contains the water in a 

reservoir through a dam or levee. This energy is later released 

and is converted into electrical energy through the unidirectional 

flushing of the fluid by a turbine pipeline, emerging variables 

such as pressure, speed magnitude, and turbulent kinetic energy. 

These variables will be studied using a computer dynamic 2D 

model simulated by the ANSYS FLUENT software by setting 

boundary conditions obtained by digital methodology of classical 

mechanics of fluids. The results were compared with those 

obtained experimentally through a tidal module, which consists 

of elements that were selected after criterion arrays, finding that, 

during the fluid download process for the energy generation, 

there is a qualitative similarity in the four areas of the pipeline of 

turbine (entry, final part of the leeward side of the bulb, posterior 

and anterior to the propeller), as well as the quantitative values 

presented similarity in two inner points of the turbine pipeline, 

getting an error of 1.69% and 1.95% respectively, thus validating 

the prediction. 

Index Terms:Alternative energy, bulb, dyke, tidal turbine. 

I. INTRODUCTION 

The demand for energy is growing around 1.9% per year, 

proportionally increasing the emissions of CO2 and other 

greenhouse gases produced by the consumption of more 

than 80% of fossil fuels, causing environmental pollution 

and global warming [1]. To reduce these effects, it is 

proposed to increase the use of clean energy to 21 per cent 

in the year 2013, and 39% in year 2025 [2]. 

According to the global energy matrix, the energy of the 

oceans is the fifth non-conventional renewable energy 

supply, this is since the ocean occupies the 70% of the land 

surface containing a large amount of energy [3] - [4].  

In Ecuador, the electrical generation by solar, wind and 

biomass energy are very relevant. However, it is important 

to be aware of the existence of other alternative energies 

that, in the future, can be integrated to the national energy 

matrix, as is the case of tidal energy through the gradient 

tide (ascent and descent) [5] - [6]. 

Tidal power plants of the world generate energy of 

approximately 550 GWh net per year, within which we 

have: Sihwa Lake in South Korea, The Rance in France, and 

Annapolis Royal in [7]. This type of power plants has two 
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modes of operation called single effect and double effect. 

The first one refers to cycles of operation of reflux when the 

tide drops, and flow when the tide rises [8]. The second 

mode of operation for the generation occurs in both 

directions, i.e. in flow and reflow, hence the need for 

reversible turbines [9]. The parties that make up a tidal 

central are tidal dam, reservoir, turbine pipeline, gate of 

water passage and turbine [10]., within which the bulb-type 

turbine is one of the most important parts, due to the fact 

that, taking advantage of small jumps with great flow, these 

turbines are located so that the water moves axially through 

the contour of the housing with the bulbous guiding water to 

the dealer, which allows to regulate the flow to let the water 

to flow with a proper angle for the available power of the 

system [11].  

The paper is organized as follows: Section II describes the 

concepts, system design and methodology used; Section III 

shows the analysis of results; and finally, Section IV 

presents the conclusions. 

II. MATERIALS AND METHODS 

A. Design 

For the preliminary design, a study was made on the tidal 

module components, using criterion arrays for the selection 

of the same, such is the case of the reservoir ( dimensions 

under the UNE-EN 13150:2001 standard and characteristics 

of the material), turbine coefficient pipeline (geometric 

coefficient) [12]., pressure sensors (accuracy, repeatability, 

and stability) [13]., a reflective optical sensor (precision), 

bulb (relative thickness and coefficient of lift [14]., 

generator (magnetic field, use of brushes, resignations and 

high speed), propeller (angle of attack, angle of inclination, 

mass, and diameter [15] - [16].  

The process of the tidal equipment for electric power 

generation begins when the water level in the reservoir is at 

its maximum level, resulting in the opening of the gate over 

passing water, obtaining a unidirectional flow of fluid 

through the pipeline of turbine, thereby achieving the energy 

generation [17]. Fig. 1 shows the blocks diagram that 

represents the tidal module. 

 

Computational Fluid Dynamic Simulation 

with Experimental Validation in Turbine 

Pipeline 
William Oñate, Santiago Maldonado, Sebastián Taco, Gustavo Caiza 



 

International Conference on Emerging trends in Engineering, Technology, and Management (ICETETM-2019) | 

26th-27th April 2019 | PDIT, Hospet, Karnataka 

928 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: A11590581C219/19©BEIESP 

 

 
Fig. 1: Block Diagram of the system. 

B. Numerical Method Using. 

The variables that are in the pipeline for the study are 

pressure, momentum, turbulent kinetic energy ( ) and the 

dissipation of energy because of the turbulence ( ), complex 

mathematics are used for the resolution of nonlinear partial 

derivatives in the simulation, using a computational package 

for the Fluid Dynamics in ANSYS FLUENT 17.2 [18]. This 

software allows to resolve the variables using the Navier 

Stokes equations. Refer to (1), (2) and (3) [19] - [20]. 

 
The boundary conditions of entry and exit of the pipeline 

of turbine were used for simulation and analysis of the 

results. These conditions were calculated using the 

resolution of numerical methods for determining the 

download of the fluid from the reservoir by the volume 

control of non-stationary mass [21] - [22]., in addition to the 

stationary absolute pressures in the four areas of interest 

inside the turbine duct and the speeds [23]. For this purpose, 

the researchers employed the principles of classical 

mechanics of fluids for pipeline, lower and higher load 

losses, total loss of load on line, drag pressure in 

hydrodynamic body, drag force of the bulb and drag force 

[24]. in propeller. Fig. 2 shows the block diagram of the 

equations used for the boundary conditions. 

 

 
Fig. 2: Block Diagram of the Equations to Find the 

Boundary Conditions. 

C. Modeling 

Using ANSYS, 2D modeling is carried out for the 

resolution of the equations that govern the fluid dynamics. 

In this way, the pressure gradients in the wall are reached 

through the law of average speed. In addition, the turbulence 

is modeled on achievable k-epsilon. The SIMPLEC method 

of solution reduces the effect of the symmetry in two-

dimensional mesh on the final solution, which allows to 

attach the pressure and speed with a correction of obliquity 

in one. Besides, a second order discretization was carried 

out: pressure, momentum, kinetic energy of turbulence ( ), 

dissipation of energy because of the turbulence ( ) [18]. 

The mesh of Fig. 3 presents characteristics such as: 

convergence of the simulation, smoothness, obliquity, aspect 

ratio, computational expense and margin of error, obtaining 

a triangular mesh, adaptable to the geometry of the turbine 

duct and with elements of good quality at 95.5%. 

 

 
Fig. 3: Meshing Generated in Turbine Duct. 

 

The boundary conditions were found taking into account 

the characteristics of the fluid (water) and the material 

(acrylic), which are: Density, specific heat, thermal 

conductivity and viscosity, as well as geographical aspects 

as the height of Quito at 2830𝑚𝑠𝑛𝑚 with an atmospheric 

pressure of 73923 𝑃𝑎, ambient temperature of 15 °𝐶, and 

the acceleration of gravity in 9.76 𝑚 𝑠2 . 

III. RESULTS 

Fig. 4 shows that from the maximum level to 1 𝑚 the 

height up to approximately 0.85 𝑚, the water discharge in 

the turbine pipeline is sudden since the volume of earth on 

that interval is greater, increasing the magnitude of fluid 

velocity and thus greater speed of rotation in the axis of the 

permanent magnet generator, thus gaining greater removable 

power of approximately 2.022 𝑊 during that interval. It is 

also noted that, from the 0.85 𝑚 up to the height of 0.05 𝑚, 

the power has a tendency almost linear as the level of the 

water is discharged, obtaining a minimum power of 

 0.032 𝑊. 

 

 
Fig. 4: The Electrical Power Generated in Pipeline vs 

Turbine Height of Water of the Reservoir. 
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Two variables that interfere in the interior of the duct of 

turbine for power generation (pressure and magnitude of 

speed) were identified and studied by means of analytical 

methods using domain limit parameters for the development 

of simulation, to be then compared with the data 

experimentally obtained using. Refer to (4), allowing to find 

the relative error of the simulated curve with respect to the 

experimental curve. 

 
Fig. 5 shows that the simulated curve compared with the 

experimental curve in pressure 1 (entry of the pipeline of 

turbine) maintains a linear trend. However, it is observed 

that the simulated curve presents no fluctuations in 

comparison with the experimental one. This is since the 

design between the area of the output section of the 

reservoir and the entry of the pipeline of turbine does not 

present a profile of entry of nozzle smoothed quarter circle, 

generating abrupt changes of load and speed in the flow, 

obtaining a relative error of 5.83 % between the curves. 

 

 
Fig. 5: Pressure 1 (Input to the Pipeline) vs Height of 

Water of the Reservoir. 

 

Fig. 6 shows that the simulated curve compared with the 

experimental in pressure 2 (the end of the leeward side of 

the bulb) presents the same trend, however the simulated 

curve doesn't quite fit to the experimental one, this is 

because the pressure decreases as the level of reservoir 

water is discharged and the fluid velocity increases. In 

addition, there is a decrease in amplitude between ridges and 

valleys due to that the bulb presents less resistance to 

current flow for their hydrodynamic form resulting in 

softness in the losses for load, getting a relative error of 

1.69% between the curves. 

 

 
Fig. 6: Pressure 2 (End of the Leeward Side of the Bulb) 

vs Height of Water of the Reservoir. 

Fig. 7 shows that the simulated curve compared with the 

experimental in pressure 3 (anterior to the propeller) shows 

the same trend. However, the experimental curve shows a 

linear behavior of almost  , indicating that there is no 

turbulent fluid during all of the discharge at that point. 

Therefore, it is suitable to indicate, for the extraction of 

energy, that the pressure decreases, but it is greater at each 

point of pressure 2. This is due to the change of section 

converging to divergent from the geometry of the pipeline. 

Finally, it is noted that the simulation presents a pressure 

drop (increase in speed) to start the download indicating that 

the entry of water should be proportional to the opening of 

gates and not in a direct way. After this, the pressure is 

linear and agrees with the experimental data, thus obtaining 

a relative error 1.95% between the curves. 

 

 
Fig. 7: Pressure 3 (Anterior to the Propeller) vs Height of 

Water of the Reservoir. 

 

Fig. 8 shows that the two curves fluctuate and are with 

lower pressures on the front of the propeller during all the 

discharge points, indicating that the fluid velocity increases 

and is in turbulent mode. This is due to the fact that the 

propeller produces an additional propulsion thrust to the 

hydrodynamic force, generating an inertial force to the fluid, 

caused by the rotational movement of the blades, thus 

obtaining a relative error of 2.77% between the curves. 

 

 
Fig. 8: Pressure 4 (Posterior to the Propeller) vs Height 

of Water of the Reservoir. 

 

Fig. 9 (a) simulated, it is noted that the fluid presents a 

negligible kinetic turbulence from the head and end of the 

leeward to the anterior to the propeller. However, the 

behavior of the fluid in the back of the propeller presents the 

presence of turbulence in the kinetic energy of (𝑘′′ ) in the  
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instant of 900 𝑚𝑠 after the opening of the gate of passage of 

water flow, in the same way as the experimental part, see 

Fig. 9 (b). It can be observed that there is no disturbance in 

the fluid until before the propeller, and after this, a bubble is 

generated in the form of reverse C at the instant of 850 𝑠, 

thus obtaining a two-dimensional analysis predictive 

analytics in the interior of the turbine duct. 

 

 
(a) 

 
(b) 

Fig. 1: Turbulent kinetic energy at the exit of the 

propeller simulated at 𝟗𝟎𝟎 𝒎𝒔 b) Appearance of bubble 

at the output of the propeller edited in video of 𝟖𝟓𝟎 𝒎𝒔. 

 

Fig. 10 shows that the fluid in the part simulated, 

compared with the experimental, remains undisturbed until 

the area in which is requires for power generation. It is also 

noted that, in both cases, the onset of turbulent kinetic 

energy after getting out from the propeller. 

 

 

 
Fig. 10: Simulated turbulent kinetic energy and 

experimental in 8 seconds 

 

IV. CONCLUSION 

The experimental part and simulation showed that, during 

all the time it takes the water discharge, the turbulent kinetic 

energy presents a behavior of 𝑘′′ = 1.85𝑥10−4 𝑚2 𝑠2 , this 

variable being negligible for the electric power generation. 

However, the data found in the CFD show that the turbulent 

kinetic energy becomes evident after the fluid passes out the 

propeller and it was observed in the experimental part. 

With the results obtained in the 2D simulation and in 

experimental ones, it was observed that there is a qualitative 

and quantitative similarity in two inner points of the turbine 

pipeline called final part of leeward and anterior to the 

propeller. This is because the fluid is not disturbed by 

getting an error in those points of 1.69% and 1.95% 

respectively, validating the prediction. On the other hand, at 

the ends of the turbine pipeline called entrance of the 

pipeline and back of the turbine, it was noted that the 

simulation maintains a result of qualitative prediction in 

vortexes and cavitation. However, in the quantitative 

analysis, the two-dimensional simulation moves away from 

the experimental behavior getting an error of 5.83% and 

2.77% respectively. 
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