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Abstract: This study was carried out to justify the strength of the connection of two or multiple Vertical Axis Water Turbines 

(VAWT) with a diamond bond model using laboratory and field studies. This study is very important because it is intended for 

joints, where the load occurs dynamically between two vertical axis water turbines placed on the water flow. The connection 

must be able to accept the heaving, pitching and yawing loads that occur when the turbine is subjected to hydrodynamic loads. 

Wood, which is receiving increasing attention in the green and sustainable building industry, is starting to be mechanically 

positioned according to its strength. For this reason, in this study, wood was chosen as the main material in side loading 

between the Gorlov Turbine samples. The test is carried out by making a tickblock model which is coated with a glass 

composite which is then given a load, and measuring the deviations that occur. Prior to the test, a Finite Element Methods test 

was carried out to determine the deflection due to the working load, in the form of thrust force and torque moment. From the 

tests carried out, it was obtained information that the joints provide stiffness that can be approximated by the quadratic model. 

Tests on the scale of the Gorlov turbine model have also been justified in experiments which have shown satisfactory results. 

The torque generated is quite adequate, which is around 17.83 Watts at 100.2 rpm. From this test it was found that apart from 

torsional motion, other movements can be minimized so that the effect of aeroelasticity phenomena can be avoided. 
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Aeroelasticity Phenomena 

 

1. Introduction 

The current need for renewable energy and its growth rate 

continues to increase dramatically, which is thought to be 

related to the impact of increasing developing countries, 

more advanced life, disasters due to global warming and wars 

between countries [1-3]. This clearly shows the need to 

decide on the use of fossil energy with the main objective of 

reducing the level of demand for fossil energy from 

producing countries. For most of human history, our 

ancestors relied on very basic forms of energy: human 

muscle, animal muscle, and the burning of biomass such as 

wood or plants. Fossil fuels (coal, oil, gas) have played, and 

continue to, play a dominant role in the global energy system. 

But they also come with some negative repercussions. 
When burning fossil fuels, it produces carbon dioxide (CO2) 

and is the biggest driver of global climate change. It is also a 

major contributor to local air pollution, which is estimated to be 

associated with millions of premature deaths each year [4]. 
But the Industrial Revolution opened up an entirely new 

source of energy: fossil fuels. Fossil energy has been a 

fundamental driver of technological, social, economic 

progress and the development that has followed it [5]. 
Among the various renewable energies that exist today, the 

energy of water currents is a relatively new source and has 

hardly been exploited on a large scale (eg energy of ocean 

currents), although it has great potential. into shaft power, so 

that the feasibility and advantages of this concept can be 

assessed. [6] 
Indonesia is an archipelagic country, with around 17,000 

islands. Between these islands there are small or large straits, 

with varying currents [11]. Thus it is very potential to place 

turbines so that they can absorb energy that is beneficial for 

the development of people's welfare. However, this potential 

has not been fully utilized in Indonesia. The same thing also 
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happened to rivers which are also found on several large 

islands which have only recently been used as irrigation 

facilities and public transportation. For this reason, the 

attention of many hydrodynamic researchers in the world as 

well as some in Indonesia is aimed at utilizing the kinetic 

energy of currents which have quite a large potential, namely 

from river currents to strait currents or ocean currents [7]. 
Water turbines are used as a tool to extract the kinetic energy 

or potential energy contained therein. The turbine is designed for 

a low drop height, which is commonly known as hydrokinetic 

energy, zero head energy, water current turbine, free flow/stream 

turbine ultra low head turbine [8]. Whatever technology is used, 

the main principle of energy conversion remains through two 

processes, namely (1) the conversion of the kinetic energy of the 

water flow into mechanical energy as shaft rotation and (2) 

mechanical energy in the form of shaft rotation will be used to 

rotate the electric generator. This study continues to be 

developed both on a laboratory scale (model) and prototype 

scale intensively [9], with various findings and problems. 
The turbine design used is the Gorlov turbine model with 

modifications to the blade profile and placement of the vortex 

generator and wavy planes [10]. This is intended to obtain 

greater mechanical torque on the generator shaft. However, the 

vertical installation of multiple turbines is also being explored so 

that new problems arise, namely in the mounting system [11]. If 

the mounting system is made really rigid, the hydrodynamic 

forces that occur will damage it. And if it is made flexible it will 

cause a phenomenon known as aeroelasticity. Phenomena where 

hydro-dynamic forces and moments will change the value of the 

angle of attack of the blade, and as a result the forces will 

change, this is on going. This paper will describe the use of a 

triangular joint with flexibility (Figure 1 and 2) in a vertical 

turbine installation and its justification [12]. 

 

Figure 1. Connection model used figure. 

The connection is made of teak block wood wrapped in 

glass fiber so it is not damaged. Engineering such small 

timber into structural parts can provide an efficient way to 

utilize natural products obtained after forest operations. This 

study evaluates the strength and stiffness properties of solid 

finger jointed and solid small clear wood samples cut from 

composite piles made of small diameter wood. [13] 

Mechanical connections with screws or bolts are widely used 

in timber structures and are known to provide high hardness 

resistance. [14] In this study, the mechanical characteristics 

of beam-to-composite joints were investigated both 

theoretically and experimentally. Natural dry rods have 

extraordinary mechanical values and excellent energy 

balance, which is the basis of this research. [15] 

 

Figure 2. Vertical turbine model range. 

2. Method of Assessment 

The mechanical characteristics of the vertical turbine circuit in 

this study were studied by determining the stiffness of the 

flexible joints installed between two Gorlov water turbine 

models. The studies were carried out both in the laboratory and 

experimentally to study the performance of the turbines in actual 

water flow. By observing the test results obtained, it is 

concluded that the mounting triangle is effective for use as a 

turbine connection at a flow rate of 1.2 m/s ± 0.4 m/s. 

 

Figure 3. Diagram alir penelitian. 
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The objective of this study is to determine the stiffness of 

the joints through experimental studies which are then curve 

fitting with polynomial functions. The test is carried out by 

providing a tensile force, which is then measured by the 

deviation that occurs. Justification of the results of laboratory 

studies, then followed by field studies on water flows. The 

research method can then be described in a flowchart as 

shown in Figure 3. 

3. Measurement Results and Discussion 

Through a computational study on the test results of the 

turbine connection model specimens in the laboratory, it is 

possible to determine the function that approaches them. The 

force is applied using a digital measuring scale, and the 

deviation is measured using a dial indicator. From the results 

of the curve fitting on the test data it is known that the 

stiffness can be approximated by a function raised to the 

power of two or three. The test results and the approach 

function can be observed in Figure 4. 

 
Figure 4. Graphical approach to test results. 

The triangular connection system is tested to determine the 

value of stiffness or elasticity in the direction of pitching, 

heaving and yawing. From other tests carried out, it was 

found that the average joint can move by 5o in the Yawing 

motion. These results are obtained by entering the input 

tensile load of 20 kgf, with an arm length of 15.2 cm. The 

testing process is shown in Figure 5. 

The test results provide an illustration that the turbine 

circuit will be stiffer if the deviation occurs excessively. Thus, 

theoretically this turbine circuit can be used properly, for this 

reason it is necessary to justify the actual flow of water. 

  

Figure 5. Diamond connection model (left) Test (right). 

Testing of the vertical axis turbine series of the Gorlov 

model carried out on the irrigation canal of the Jatiluhur 

reservoir, in Purwakarta, has succeeded in approaching the 

computational results of CFD Numeca. The difference occurs 

because of the precision in the testing process. With a water 

flow rate that tends to be constant even though it actually has 

a small sinusoidal variation so that the torque that occurs is 

relatively constant. The speed of the water flow in the test 

was 1.5 m/s, and a maximum torque of 7,602 Nm was 

obtained, with a maximum turbine rotation of 100.2 rpm and 

a maximum power of 17.83 Watt. 

4. Conclusion 

Referring to the presentation of the results of laboratory 

studies and experimental studies, it can be concluded that the 

connection model can be used for the TASV connection. The 

connection to the Gorlov model vertical axis water turbine 

series is able to accept loads of up to 7,602 Nm, 100.2 

revolutions and 17.83 testing power well. 
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