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Abstract – In this research is described the design and development of a system capable of harnessing 

ocean current for the generation of energy. 

For this purpose, a vertical axis helical turbine will be employed. One of its advantages is that the design is 

unidirectional, it can be positioned vertically or horizontally, it has auto start; this means that compared 

among other similar models it does not need any external force to be activated and is 35% more efficient. 

The objective of the research is designing a turbine capable to maximize its torque, being aided with the 

design software SolidWorks, later with a physical prototype get the experimental data and proceed with the 

creation of the final device for the generation of electric energy. 
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1. Introduction – Global warming caused by greenhouse gases has made us reconsider new alternatives of

energy production and consumption.

Currently the increase of CO2 on the atmosphere is mainly caused by the combustion of fossil fuels which

are employed for transportation and generation of electric energy [1].

According to IEA, in 2016 in Mexico the main energy generation sources were gas, oil and carbon, with a

production goes from 33926 GWh for the carbon to 192259 GWh for the gas.

As an alternative for the usage of fossil fuels and to help reducing the greenhouse gases it is important the

exploitation of alternative energy sources which are those that generate renewable energies.

One of this energy sources is the one that we can find on the ocean currents, which research and

development of new devices capable of harnessing its potential approximated to 800 THW/year has

increased the last years [2].

Some of the advantages worth mentioning of this energy source is the capacity to predict its availability, its

lack of visual or noise pollution and its requirement for less space compared to wind power, this is due to

the higher density of the water [3].

One way to harness this kind of energy is trough hydrokinetic turbines which extract mechanical energy

from the movement of water, these work under an essentially identical principle applied for wind power

[4].

Gorlov helical cross-flow turbine is an example of a hydrokinetic turbine, which is a vertical type turbine.

Some of its advantages are its auto start function, its unidirectional design and its superior 35% efficiency

compared to other similar models [5].

For this research we focused on the design of a Gorlov-type turbine capable of generating 1.7 Kw of energy.
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Nomenclature 

P: Power 

η: Efficiency 

𝜌: Density 

𝐴𝑇: Cross-sectional area (𝑚2) 

V: Current Velocity (𝑚 ∕ 𝑠) 

L: Length (m) 

D: Diameter (m) 

AR: Aspect Ratio 

σ: Solidity 

n: Number of blades 

c: Chord (m) 

𝐶𝑇: Torque coefficient 

𝐶𝐷: Drag coefficient 

𝐶𝐿: Lift coefficient   

D: Drag force (N) 

L: Lift force (N) 

F: Force (N) 

T: Torque (Nm) 

R: Radio (m) 

ω: Angular Velocity (rad/s) 

TSR: Tip Speed Ratio  

𝜑0: Torsion Angle (°) 

δ: Lift Angle (°) 

α: Attack Angle (°) 

2. Experimental

2.1. Calculation for the Turbine design - For the dimensioning of the vertical axis turbine, we started 

from the power equation 1, which depicts the amount of energy that can be extracted from a flow [6]. 

𝑃 =
1

2
𝜂𝜌𝐴𝑇𝑉3

(1)

Where P represents the desired power to be extracted from the flow, η the efficiency (which is 35 % for 

this type of turbine [7], ρ the flow density, 𝐴𝑇 is the cross-sectional area of flow that gets across the turbine 

and V is the flow speed that goes through the turbine. 

Considering that an amount power of 2 Kw is desired, a cross-sectional area of 1.39 m2 will be required, 

given a 2 m/s speed, with a density of 1024 Kg/m3.

According to the required area, the length and diameter dimensions would be 1.4 m and 1 m respectively 

which will give us an aspect relation of 1.4:1, as it showed in Table I. 

Having the previous measurements, the next step is designing the blades. 

For this, a profile of 0021 from NACA series is chosen which is a symmetric profile, these are 

recommended for low power generators [8].  

These show an increased lift coefficient at low attack angles; this is advantageous because the turbine makes 

use of the lift forces to generate its angular movement; in simulations shows a good start performance [9]. 

Solidity is a non-dimensional parameter, which is related with the blade width and is defined as the ratio 

between the total area of the blades and its swept area [4], since solidity is directly proportional to the force 

of the turbine (as shown in equation 2) and at the same time to torque; a higher solidity will imply a higher 

torque [10], however, values close to 1 should be considered, these will cause the turbine to close as if it 

was cylinder and its efficiency will drop. A solidity of 0.8 is chosen. 

F =
1

2
CdρσAV2

(2)

Solidity will be used for the calculation of the chord, which could be defined as the straight line drawn from 

the frontal to the rear part of the winged profile, this is calculated solving equation 3 of solidity σ [11][12], 

which is related to the number of blades n, the chord c, the turbine diameter D and π is a constant. 

σ =
nc

Dπ
(3) 
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For the torsion calculation of the blades, the equation 4 [13]: 

𝑇 = √1 + (
𝐿

𝜑0(
𝑐𝑛

2𝜎
)
)

2

⋅

[

sin
𝐿

(

(
𝑐𝑛

2𝜎
)

(

𝐿

𝜑0(
𝐿

𝜑𝑜(
𝑐𝑛
2𝜎)

)

))]

2

(4)

This equation will be employed to maximize the torque, and considering the torsion angle φo  as variable, 

we proceed to derive the function with the purpose of making it close to zero, then using the Newton-

Raphson method, after three iterations we get the torsion value for which the torque is maximum.  

Given this, we continue to calculate the blade elevation angle, based on equation 5; which considers the 

length, radius and torsion angle [13]. 

tan(𝛿) =
𝐿

𝜑0𝑅
(5)

Making the dimensioning of the turbine, we produce a prototype made out of nylon with a 3D printer, which 

is a 10% scaled down version of the turbine previously dimensioned. As the previous one, this turbine is 

designed with the SolidWorks software, then we proceed to experimentation.  

Table I. Constant parameters 

_____________________________________________________________________________________

 Turbina Escala 1:1          Turbina Escala 1:10 

Diameter (m) 1 0.1 

Length (m) 1.4 0.14

Cross-sectional area (m2) 1.4 0.014

Radius (m) 0.5 0.05

Number of blades 3 3

Solidity 0.8 0.8

Blade profile NACA 0021 NACA 0021

Blade chord (m) 0.8377 0.08377

Attack Angle (°) 15 15

Elevation angle (°) 66 66

Torsion angle (°) 71 71 

Power (W) 2007 2.4 

Angular velocity (rpm) 38 190 

_____________________________________________________________________________________ 

2.2. Gear train and generator – For the calculation of the gear train, it is considered the value of the 

angular velocity estimated at table I for the 1:1 scale turbine and the required angular velocity for the 

generator (180 rpm), which is capable of producing up to 2 kw. 

With this data we make use of equation 6 [14], which considers angular velocity, and the number of gear 

teeth.  

A calculation for 2 gears and 2 pinions of 62 and 22 teeth respectively is made, getting from this relation 

the required revolutions for the chosen generator; the gears are manufactured with onyx aided with a 3D 

printer. 

𝜔𝐺

𝜔𝑃
=

𝑅𝑝

𝑅𝐺
=

𝑁𝑝

𝑁𝐺
(6)
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2.3. – Experimental setup – For the experimentation described below we based on the Rachmat et al work, 

in which an engine was adapted in a turbine and a flow was produced to measure the torque [15]. 

An aluminum structure is designed, as Image 1 shows, in which the turbine is fixed vertically, on the upper 

part of the structure a torque Futek® sensor is placed, this has a maximum sensing capacity of 20 Nm and 

above this component there is an engine. Both are attached to the axis of the turbine; the engine varies the 

revolutions per minute of the turbine when flux goes through and test its performance at every assay.  

For the visualization of the torque a software developed by Madgeteck was used, it includes a data logger 

to read the data on the torquemeter.   

In Image 2 and 3 we can see an image showing the test in the varying slope water channel, and the prototype 

itself. 

      Image 1    Image 2 Image 3 

Table II. Experimental set up in the channel. 

_____________________________________________________________________________________

Parámetros    Valores___________________________________________ 

Current Velocity (m/s) 1 

Temperature (°C) 30 

Water density (Kg/m3) 996 

Channel height (m) 0.3

Turbine material Nylon 

_____________________________________________________________________________________ 

For the graphs obtained after the assay the calculation of tip speed ratio TSR, drag coefficient 𝐶𝑑, torque 

coefficient 𝐶𝑇 and power coefficient 𝐶𝑝. was required. 

For the calculation of efficiency 𝐶𝑝equation 7 is used, which considers the power generated by the turbine 

divided by the power that can be extracted from the water flow [16]. 

Tip speed ratio TSR is a non-dimensional parameter, this one relates the speed at the tip of a blade with the 

speed of the water flow [17], and it is calculated with equation 8. 

The drag coefficient 𝐶𝑑 is calculated trough the relation of the velocity and efficiency, divided by the 

solidity, the radius and the angular velocity, as its shown at equation 9 [10]. 

To obtain torque coefficient 𝐶𝑇 it was required to use equation 10 which relates the power coefficient with 

tip speed ratio [18].  

𝑐𝑝 =
𝑃𝑡

𝑃∞
(7)

𝑇𝑆𝑅 = 𝛥 =
𝜔⋅𝑅

𝑉
(8) 

𝑐𝑑 =
𝑉𝜂

𝜎𝑅𝜔
(9)

𝐶𝑇 =
𝐶𝑝

𝑇𝑆𝑅
(10)
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3. Results and Discussion – In order to obtain the efficiency vs tip speed ratio chart 𝐶𝑝vs ∆, as its shown

at Image 4, a water flow with a speed of 1 m/s was calculated in  the channel with a variable slope, it was

employed a rotating turbine powered with a motor that varied at different angular velocity; the parameters

at which the engine was shifted were 40, 60, 80, 100, 120 and 140 rpm respectively.

In Image 4 we can see this chart, where in the x axis we have ∆ and in the y axis 𝐶𝑝, then we obtain for this

chart a maximum efficiency of 21.18 % when the turbine rotates at 100 rpm.

This results are compared with the maximum efficiency at the same speed of the water current for a bigger

turbine with solidity of 0.5, resulting in a smaller efficiency compared with the one presented here [9], we

can conclude then that a higher solidity harnesses better the water flow, which can be considered as a better

performance.

For assays the turbine was rotated without load for the purpose of measuring its angular velocity, which

was 160 rpm, a similar valued compared to the previously calculated parameter at Table I (190 rpm).

In Image 5 we got the graph of power vs tip speed ratio P vs ∆, with a maximum value of 1.48 w, when ∆

is 0.52

In figure 6 we can see the drag coefficient vs tip speed ratio graph 𝐶𝑑 vs ∆; this indicates that the resistance

to movement decreases when ∆ increases, which also creates a bigger lift.

The Torque Coefficient vs tip speed ratio graph 𝐶𝑇 vs ∆ that we have at Image 7 shows that the torque

coefficient diminishes when ∆ increases, we can find this relation in the works of Parag, in which an

experiment with 3 turbines, larger than the one we employed results in a similar coefficient [17].

Image 4  Image 5 

Image 6  Image 7

The power calculated for the prototype (Table I), results larger than the maximum value obtained in the 

assays. However, this is because the calculation was made with the maximums efficiency for this kind of 

turbines, if we recalculate for an efficiency of 21% this results in 1.4 w, which matches with the value 

previously obtained at the tests. 

When making the tests, we noticed that there were some losses as a result of the collision between the flow 

and the structure. 

This let us conclude that a fully developed turbine will have an equal or even superior efficiency compared 

with the one obtained at the prototype. 
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4. Conclusions – Given de data here presented, we estimate that the final turbine will make better use of

the water currents, compared to other similar models, this is due to its geometry here described. Moreover,

it is believed that the device will produce a higher torque, thanks to the solidity used in the blades and the

torsional angle employed, which was fundamental for a maximum torque.

The production of the final turbine is made with a 3D printer.

Analyzing the real environment of use it is recommended to build the pieces in aluminum for properties

such as corrosion resistance [19], and low density; the material is suitable for maritime environments and

would contribute to a better performance.

Considering the efficiency losses caused by many factors such as material or generator, it is estimated that

the final version of the turbine will generate 1.7 kw.
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