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Abstract-- Energy is the key element in the human society 

development. It is the driving force of most services destined to 

benefit people. As one of the energy production sources, the fossil 

fuels are pointed out as the main cause of climate changes 

suffered by the planet. In that context, alternative ways of clean 

energy production are necessary. Brazil is known for its energy 

generation potential due to its huge land extension and water 

resources. This work presents a possible solution for energy 

production to different applications, aiming sustainability and 

ease of deployment, the hydrokinetic turbine. The hydrokinetic 

turbine studied was the Gorlov turbine. The QBlade software was 

used to evaluate the airfoils used in such turbines, showing 

advantages for the NACA 0018 profile. A profile in such turbine 

must present a stronger geometry in order to be more impact 

resistant. Finally, the hydrokinetic turbine reappears as an 

alternative of clean energy source with low environmental 

impacts. The hydrokinetic turbines can produce energy to small 

companies, communities, and to places far from the public 

network, where there are problems involving electrical network 

lines. 

 
Index Terms-- energy generation, hydrokinetic turbine, 

isolated regions, sustainability. 

I.  NOMENCLATURE 

PDisp – Available power (W) 

m  – Mass flow rate (kg/s) 

A – Frontal area of the rotor (m²) 

ρ – Fluid specific mass (kg/m³) 

0V  – Mean velocity of the watercourse (m/s). 

Cp – Power coefficient (-) 

ν – Kinematic viscosity (m²/s) 

c – Aerodynamic Chord length (m) 

V0 – Velocity of the flow (m/s) 

W – Relative velocity of the flow (m/s) 

 – Angular velocity (rad/s) 

R – Rotor radius (m) 

Ft – Force exerted on a blade (N) 

L – Support force (N) 
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D – Drag force (N) 

B – Number of blades (number) 

Cl – Support coefficient (-) 

Cd – Drag coefficient (-) 

c – Aerodynamic chord length (m) 

Re – Reynolds number (-) 

α – Attack angle (degree) 

θ – Azimuth angle (degree) 

 

II.  INTRODUCTION 

 

ccording to [1], renewable energy sources (water, wind, 

biomass, and the sun) and non-renewable energy sources 

(oil, natural gas, coal and nuclear) are among the 

resources used to generate electric power. The turbines are 

responsible for the transformation into mechanical energy, the 

energy coming from the water kinetic/potential energy, wind, 

the fuel combustion and the steam. 

According to [2], distributed generation is the generic name of 

a type of energy generation that differs from that achieved by 

centralized generation because it occurs in places where a 

conventional generating plant would not be installed, thus 

contributing to the energy supply in areas of difficult access to the 

electrical energy transmission network. 

Distributed generation has the advantages of reducing the costs 

of transmission, distribution and use of local renewable resources, 

reducing transmission losses and increasing reliability [2]. 

Currently in Brazil, there are still regions where the 

interconnected electrical energy system cannot reach due to cost 

and access problems. Distributed power generation eliminates 

such problems by bringing the electric power generation to near 

its consumption. In these isolated regions, there are communities 

where there is no access to energy. These communities would 

need to produce their own electricity, sometimes using diesel-

fueled production plants [5]. 

A major problem in the generation of electric power by diesel 

engines is the cost of fuel distribution, the current distribution 

being made by ships and airplanes. To avoid these conflicts, a 

good solution would be to harness the energy of rivers through 

hydraulic turbines, generating electricity close to the region of 

consumption. 

Hydrokinetic turbines appear as an alternative to generate 

energy for not only isolated regions but also for rural 
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enterprises. Hydrokinetic turbines have the ability to reliably 

meet the needs of these people with simple, easy-to-maintain 

designs. They are placed on the riverbed from structures or 

even anchoring cables, producing clean energy with minimal 

impact on the site [10]. 

III.  TECHNICAL WORK PREPARATION 

 

A.  Energy system of Brazil 

Brazil has an extensive legislation aimed at the management 

of electric energy. It initiated from the Water Code (Decree 

24.643 of 07/10/1934) and according to the 1988 Federal 

Constitution, in its article 21 the production of electricity is an 

activity of the Brazilian Government [2]. 

In addition, the decree 1009 of 12/22/1993 created the 

National System for the Transmission of Electric Power 

(SINTREL), administered by Eletrobras (Centrais Elétricas 

Brasileiras S.A), where it was possible to integrate the basic 

transmission network of the interconnected systems (see Fig. 

1) of the South / Southeast / Midwest and North / Northeast 

regions, opening the possibility of integrating the auto 

producers into the system [2]. 

 

B.  Hydroelectric potential of Brazil 

In hydroelectric power plants, the power comes from the 

conversion of the kinetic energy into electrical energy from 

the hydraulic turbine that absorbs the mechanical energy and 

transmits it by an axis to a generator that in turn transforms the 

power of its axis into electric energy. However, there are 

losses in each of the transformations. In addition to the 

traditional power plants, another way to harness the power of 

the rivers is from small hydroelectric power plants where the 

turbines are positioned in the river from floats or by 

anchorage, taking advantage of the energy of the river's speed 

[5]. 

In Brazil, there are many hydrographic basins with 

potential to produce energy, and the rivers are distributed 

throughout the national territory, which makes it possible to 

develop water projects in multiple regions as shown in Fig. 2. 

An important point to be highlighted from the analysis of 

Fig. 2 is that the Amazon River basin has an average velocity 

of 1.5 m/s, but have narrow regions where the velocity 

increases to 8 km/h.  A previous study carried out in this basin 

shows that the location of the hydrokinetic turbines has a great 

influence on the production of electric energy. 

 

C.  Isolated Communities 

Brazil still has electricity distribution problems, mainly 

because of its territorial extension. Although there are 

thousands of kilometers of transmission lines, it is still 

necessary to reach the Amazon region fully, for example, 

where the main resource for electric power production is 

Diesel power plants. However, the Amazon region has 3% of 

the population in an area that represents 40% of the national 

territory [5]. 

 
Fig. 1. Brazilian interconnected power transmission system [5]. 

 

 
Fig. 2.  Brazilian hydrographical map [5]. 

 

The use of hydrokinetic turbines has the great advantage of 

being able to take electric power to these isolated regions. Even 

after the "Luz Para Todos" government program, there is still a 

problem of the lack of electricity in the North and Northeast of 

Brazil. Consequently, to date the country has isolated 

communities without due socioeconomic development, which 

survive from subsistence practices such as hunting and fishing 

[7]. 

D.  Hydrokinetic turbines 

The hydrokinetic turbine is composed of a turbine engine, 

mechanical transmission, power generator, electrical 

transmission and electronic panel, in addition to the anchorage 

system. Its development comes from the need for an 
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alternative power generation that uses the kinetic energy 

coming from the river's current, without the need of 

intervention of its course or of construction of dams, being 

installed in its margin. As a great advantage, one can cite the 

facility for application in regions of difficult access [9]. 

The hydrokinetic turbines are divided into two groups, 

taking the position of the axis in relation to the water flow into 

account. They are the axial ones (Fig. 3 A), whose axis is 

parallel to the river; and those of vertical axis (Fig. 3 B), 

perpendicular to the river. As an important factor for the 

development of projects, the axial turbines have a higher cost 

by the type of construction, besides that the vertical axis have 

problems for the self-initiation suffering also influence of 

torque ripples [9]. 

 

 
Fig. 3. Representation of hydrokinetic turbines, (a) axial and (b) perpendicular 

axis [9]. 

 

Related to conventional turbines, the hydrokinetic turbines 

have much larger dimensions because they only use the kinetic 

energy of the rivers, without falls and a smaller flow of water. 

It is possible to perceive this influence through the relation to 

the calculation of the useful power of the system that, 

according to [10], uses the kinetic energy principle, described 

in equation (1). 

2

2

1
0disp VmP                 (1) 

3

2

1
0disp VAP               (2) 

 

But not all of the kinetic energy can be extracted from the 

fluid by the turbine. Thus, the efficiency is measured by the 

power coefficient (Cp). Therefore, the equation (3) of useful 

power (Pu) can be written as [10]: 

 

3

2

1
0pu VACP             (3) 

 

The value of Cp varies from the construction of the 

equipment and the type of the turbine. Thus, it is possible to 

verify the importance of the variable speed for the power 

produced. 

 

E.  Gorlov Turbine 

The Gorlov turbine is an axis turbine perpendicular to the 

river flow and was developed in the 1994-1995 years. For [11] 

states that the turbine has all the advantages over the Darrieus 

turbine, not having the large torque variation of the Darrieus 

turbine, a feature that provides many problems. The Gorlov 

turbine has a low manufacturing cost and features the high 

speed of rotation in relation to the river speed, unidirectional 

rotation in reversible currents, greater efficiency, low 

fluctuation in torque and self-initiation in low water and wind 

currents. 

It is worth noting that due to its high rotation value, close to 

100 rpm at a speed of 1.52 m/s, it is protected against the 

accumulation of dirt and the spacing between its blades allows 

the passage of fish [10]. 

The Gorlov turbines (Fig. 4) compared to the Darrieus 

turbines presented about 95% more power and 50% more 

rotational speed. The curvature of theirs promotes a blade 

speed greater than that of the fluid itself. This format also 

promotes a very low torque variation since the fluid slides on 

each blade during the entire turn, having fewer "bumps" than 

the Darrieus turbines. These characteristics are the key to their 

high efficiency [11]. 

 

 
Fig. 4. Horizontal Gorlov turbine chain being installed in Cobscook Bay, 

Maine, USA [11]. 

 

F.  Aerodynamics of Vertical Turbines 

The aerodynamics of the turbine blades directly influence 

the forces that make up the transmission of energy from the 

current to the energy of rotation of the turbine, contributing to 

the resulting torque. The difference in pressure is caused by 

the geometry and the angle of attack, which pressure 

differential causes the aerodynamic profile to sustain. The 

drag force is caused by friction [12]. 
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Fig. 5.  Speed vectors during turning, vertical turbine [13]. 

 

Fig. 5 shows the position of the blades relative to the rotor 

axis, which is defined by the azimuth angle θ. The variable V0 

represents the velocity vector of the flow while W represents 

the velocity of the flow in relation to the rotational motion of 

the rotor. These values were set for different positions of the 

blades during the turn. 

In order to calculate the power coefficient it is necessary to 

obtain the values of the holding forces L and the drag forces 

D. The product between the dynamic pressure, the reference 

area and the C1 or Cd aerodynamic coefficients results in the 

value of the drag and drag forces respectively. 

The attack angle (α) of the aerodynamic profile is defined 

by [13]: 

 

Rcos

sin
arctan






0

0
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V           (4) 

 

The relative velocity of the flow (W) is calculated by [13]: 

 

   22
Rcossin  00 VVW       (5) 

 

The force exerted on a blade (Ft) during the rotation is 

determined by equation (6) as [13]: 

 

 cossint DLF           (6) 

 

According to [11], to compute the theoretical power 

coefficient (Cp), integration is necessary along the path of the 

blade, because the relative velocity and the angle of attack 

depend on the azimuth angle. This value shall be multiplied by 

the number of blades (B) and the rotation speed. The variable 

c represents the size of the aerodynamic chord length. Thus 

[11]: 
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As it is seen, the values of Cl and Cd, defined by the 

aerodynamic profile, is of great importance for a greater 

power. Therefore, for a better power coefficient and increased 

efficiency of the turbine by the aerodynamic profile, it is 

necessary to search for the lowest D/L ratio [13]. 

Thus, the parameters of a Gorlov turbine modeled with the 

hydrofoil profile NACA 0012, which is an aerodynamic 

profile of symmetrical geometry commonly used in axial 

turbines (Table I). 

 
TABLE I 

PARAMETERS OF A GORLOV MODEL TURBINE WITH PROFILE NACA0012 [11] 

 

Parameters  Values 

Number of blades 3 

Hydrofoil NACA0012 

Rotor Radius 0.15 m 

Ratio of tip speed (λ) 1; 2; 3 

Blades 
Thickness  

(e = 12% c) 

Aerodynamic Chord 

length (c) 

B1 0.007290 m 0.0660 m 

B2 0.011796 m 0.0983 m 

B3 0.011856 m 0.0988 m 

 

G.  Continuously Variable Transmission System 

Continuously variable transmission (CVT) system is a 

transmission configuration that has as a characteristic and 

main advantage the possibility of working at maximum power, 

transmitting the rotation of an axis to the best point improving 

efficiency. The transmission is made continuously, without 

bumps as in a manual transmission [12]. In this work, a 

continuously variable transmission system was used coupled 

to the hydrokinetic turbine in order to obtain the results for 

variable rotation of the turbine.  

 

H.  QBlade Software 

QBlade software is an open-ended program for calculating 

and simulating wind turbines, simulating lift and drag values 

for 360-degree airfoils and complete turbine assembly. (TU 

Berlin). The program uses the XFoil data, along with the 

Spindle Element Motion Quantity theory (BEM). The program 

simulates axial and vertical type turbines, being also possible 

to simulate the constructed model. For the analysis, it is 

necessary to program the Reynolds and Mach number values. 

The number of Reynolds for external flows can be calculated 

according to [12]: 

 






cV0Re                (8) 

 

In this way, the simulations were performed using the 

calculated Reynolds number and data corresponding to the 

working fluid (water). 

 

I.  Results 

For this first part, fixed parameters of a Gorlov Turbine 

were used. They are showed in Table I. The power coefficient 

values were used from the peripheral velocity ratio (λ) of the 

tests and simulations performed on the Gorlov turbine. From 

V0

V0

V0
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the lambda value, a radius value of the rotor was adopted for 

the Gorlov turbine. Based on literature data, fixed values were 

adopted for rotor rotation. For the velocity of the river, the 

range of velocities that can be found in the Amazon River 

basin was adopted. For the use of the CVT system, the 

rotational speeds were fixed, which obtains the value of λ for 

the optimal value of Cp, optimized value that has higher 

efficiency. Table II shows the results of useful electric power 

produced with a turbine constant rotation and Table III shows 

the results of useful electric power for a turbine varied 

rotation, i.e., with the use of a CVT system. 
 

TABLE II 

RESULTS OF USEFUL ELECTRIC POWER FOR CONSTANT ROTATION 

 

Flow velocity (m/s) λ CP Power (W) 

1.5 3.0014 0.48 599.07 

1.6 2.8138 0.52 787.64 

1.7 2.6483 0.54 981.09 

1.8 2.5012 0.55 1186.17 

1.9 2.3695 0.56 1420.42 

2.0 2.2511 0.56 1656.70 

2.1 2.1439 0.55 1883.59 

2.2 2.0464 0.53 2086.94 

 

TABLE III 

RESULTS OF USEFUL ELECTRIC POWER FOR VARIED ROTATION 

 

Flow velocity (m/s) λ Rotation (rpm) CP Power (W) 

1.5 2.5 475.88 0.56 698.92 

1.6 2.5 79.95 0.56 848.23 

1.7 2.5 84.94 0.56 1017.42 

1.8 2.5 89.94 0.56 1207.74 

1.9 2.5 94.94 0.56 1420.42 

2 2.5 99.93 0.56 1656.70 

2.1 2.5 104.93 0.56 1917.84 

2.2 2.5 109.93 0.56 2205.07 

 

Considering the fixed rotation, for a same external radius of 

the rotor, by varying the flow velocity (river speed) and 

consequently the Cp, the useful electric power produced 

increases with the reduction of the parameter λ. The results of 

Table II and Table III shows that for a constant rotation of the 

hydrokinetic turbine and for the fluid flow velocity of 2.2 m/s, 

the maximum electric power produced in one turbine was 2 

kW while with the use of a CVT system, the maximum 

electric power produced was 2.2 kW, representing an increase 

of 6% in the electric power produced. Figure 6 shows the 

comparison of a Gorlov Turbine using and not using the CVT 

system. It is possible to verify a smaller values discrepancy 

and the positive influence of the CVT system use. In the flow 

velocity of around 1.9 m/s, the useful electric power values 

with and without the CVT system met.  

 

 
Fig. 6.  Useful Electric Power produced in a Gorlov Turbine versus Flow 
Velocity considering the use or not of a CVT system. 

 

It can be observed that the Gorlov turbine with the fixed 

parameters showed in Table I, presents a good electric power 

generated. Also, it has the advantage of being flexible enough 

to fit the size of the river because it can be installed in series 

or next to another. The manufacture of the Gorlov turbine is 

less complex, with fewer components and the simpler blade 

design. The use of CVT transmission presented excellent 

results in the results, being able to vary the rotation, working 

all the time in the turbine optimal point of power coefficient. 

For the hydrokinetic turbine design for a remote region, one 

must take into account the difficulty in transporting or 

manufacturing the components to the site. An effort in 

transportation would be more rewarding for a broad project 

that would serve multiple communities from a pilot project. In 

this sense, the Gorlov turbine has advantages because it is easy 

to manufacture. 

J.  Perfil select 

Using the QBlade software, the profiles NACA 0012, 

NACA 0015 and NACA 0018 were chosen, which are 

arithmetic profiles, commonly used in vertical type turbine 

designs. For the simulation, from these profiles, the graphs of 

Cl and Cd were constructed by varying the angle of attack, 

obtaining the values for the entire rotation of the rotor. Fig. 7 

shows the geometry of the profiles. 

 

 
Fig. 7.  Geometry of aerodynamic profiles in QBlade software. 

 

Fig. 8 shows the results for the three aerodynamic profiles 

compiled by the program for the support coefficient (Cl) 

around the entire rotation of the rotor (from -180° to 180°). It 

is important to define these values throughout the spin to 
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check the coefficient values throughout the turbine work. The 

values for Cl for these aerodynamic profiles did not show great 

change between them. 

 

 
Fig. 8.  Support coefficient (Cl ) versus the attack angle (). 

 

Fig. 9 shows the drag coefficient (Cd) values for the entire 

rotation of the rotor (from -180° to 180°). In the period of 

approximately 30º to 60º, there is a non-congruence of the 

results of the simulation, mainly for the NACA 0018 profile. 

However, it is clear that there is no great variation of the drag 

coefficient for the aerodynamic profiles simulated. Further 

testing should be done to find out this data. 

 

 
Fig. 9. Drag coefficient (Cd) versus the attack angle (). 

 

Fig. 10 shows the ratio between the support coefficient and 

the drag coefficient related to the attack angle, for the entire 

rotation of the rotor (from -180° to 180°).  

 

 
Fig. 10.  Ratio of support coefficient and drag coefficient versus the attack  

angle (). 

 

The Cl/Cd ratio is a very important factor for the final 

theoretical power coefficient (Cp) value, as given by equation 

(7). Obtaining a higher value of this ratio during the entire 

rotation of the rotor is of great importance for a higher final Cp 

value of the turbine. From Fig. 10 it can be seen that the 

profile NACA 0018 has a narrow advantage over the others 

one. 

There are still few studies for the application of 

hydrokinetic turbines and much can be achieved as an 

improvement of their efficiency in technological matters. Few 

data are available for active hydrokinetic turbines, but there 

are few promising ones. In general, hydrokinetic turbines 

appear to be an efficient, low-cost and minimized impact 

solution to combat the lack of electric power in isolated 

regions of Brazil. Access to electricity throughout the 

population is of great importance for social, economic and 

dignified life opportunities for all. 

In general, hydrokinetic turbines are able to meet current 

demand for electricity at a relatively low cost, which has a 

viable financial return due to the years of high fuel cost 

distribution in isolated areas. In this context, the hydrokinetic 

turbine can serve the population that does not have electric 

energy and even be an alternative to diesel generators in a 

future replacement. 
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