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Abstract: The aim of the project is to experimentally and numerically investigate the performance of a Darrieus turbine 

for hydropower application. This study included three symmetrical blades of NACA 0021. Experimental and numerical 

studies are carried out in order to examine the effects of Different parameters on the performance of the turbine. This 

project consists in the study of vertical axis turbines. These kinds of turbines have some advantages like their reduced 

size, allowing their installation in urban environments. Moreover, vertical axis turbines do not need a yaw pointing 

system, as they can rotate with independently of the fluid direction, which reduce their maintenance cost.  
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I. INTRODUCTION 

 

The Darrieus vertical axis wind turbine concept attracted considerable research interest in the late 1970s and 1980s, but 

has never competed successfully with a horizontal axis wind turbine. In recent years there have been growing interest in 

Darrieus straight blade turbine for hydropower application. So the Darrieus wind turbine concept has been adapted for 

use in water. Among various types of vertical axis wind and hydrokinetic turbines, the Darrieus rotor configuration has 

gained significant attention owing to its unique performance, operational and design features. French inventor G. J. M 

Darrieus patented this concept in 1931 with the U.S. Patent Office, which employs a set of curved blades approximating 

the shape of a perfectly flexible cable, namely the Troposkien shape. Later vertical axis designs comprising straight 

blades appeared under names such as, 'H-Darrieus' or 'Squirrel Cage Diaries turbines. In recent years there has been 

growing interest in hydrokinetic turbines, i.e. water turbines which convert the kinetic energy of flowing water rather 

than relying on a static head or difference in pressure across the turbine. These may operate on the river, tidal or marine 

current flows. River current turbine and tidal energy converters are an example of such diaries hydrokinetic turbines. [1] 

 

II. METHODOLOGY 
 

The working principle of Darrieus turbine is depicted in Figure 1. The turbine rotor design is mechanically simple and 

robust. When a fluid flows through the turbine blades, lift is generated by a relative velocity vector composed of free 

stream and rotational velocity components.  

 
 

Figure 1 working principle of darrieus turbine 
[2] 

The resultant force F with lift and drag varies in one revolution because the relative velocity W and the attack angle a are 
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dependent on the rotating position, defined as shown in Figure 1 where blade forces of lift and drag are for the relative 

flow of velocity W and attack angle in the operating condition of the oncoming absolute velocity V and the peripheral 

speed of the blade U. When the tangential force takes positive Fu >0, the Darrieus blade works as turbine and exerts the 

generated power. As the Darrieus turbine is cross-flow type, the relative flow of W and α varies with the rotational 

position of θ. Therefore, the generated power and torque of a Darrieus blade are changed in one revolution. [3] 

III. RESULT AND DISCUSSION 

 

To check the effect of Power with respect to different Tip Speed Ratio, it is required to take experimental trials. 

Experiment results depend on several factors, including the turbine shape and its surroundings, bearing frictions position 

of the turbine so it is complex and risky to extrapolate an efficiency value for a particular real turbine based solely on 2D 

results. The experimentation is performed changing free stream velocity and power is observed.  

 

Experimental results for 0.48 m/s velocity are given in Table 1. 

 

 Table 1 Trail-1 results 

TSR ( ) RPM Torque 

(NM) 

Power 

(Watt) 

Free stream 

Velocity(m/s) 

Cp 

2.017014 37 0.003348 0.012964 0.48 0.001563 

1.853472 34 0.010300 0.036654 0.48 0.004419 

1.689931 31 0.014266 0.046287 0.48 0.005580 

1.635417 30 0.021630 0.067918 0.48 0.008188 

1.471875 27 0.028222 0.079755 0.48 0.009616 

1.362847 25 0.039170 0.091366 0.48 0.011015 

 

 
 

Figure 2 Power vs Tip speed ratio for 0.48 m/s velocity 

Experimental results for 0.56 m/s velocity are given in Table 2. 

Table 2 Trial-2 results 

TSR ( ) RPM Torque 

(NM) 

Power 

(Watt) 

Free stream 

Velocity(m/s) 

Cp 

1.962500 42 0.003554 0.015621 0.56 0.001186 

1.869048 40 0.008498 0.035576 0.56 0.002701 

1.822321 39 0.012463 0.050874 0.56 0.003863 

1.635417 35 0.024720 0.090558 0.56 0.006875 

1.541964 33 0.029613 0.102282 0.56 0.007766 

1.401786 30 0.035793 0.112388 0.56 0.008533 
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Figure 3 Power vs Tip speed ratio for 0.56 m/s velocity 

Experimental results for 0.66 m/s velocity are given in Table 3. 

Table 3 Trial-3 results 

TSR ( ) RPM Torque 

(NM) 

Power 

(Watt) 

Free stream 

Velocity(m/s) 

Cp 

1.784091 45 0.003554 0.016737 0.66 0.000776 

1.704798 43 0.008755 0.039403 0.66 0.001827 

1.655152 42 0.012618 0.055467 0.66 0.002572 

1.585859 40 0.024772 0.103710 0.66 0.004810 

1.546212 39 0.029870 0.121929 0.66 0.005655 

1.466919 37 0.035999 0.139410 0.66 0.006465 

 

 

 
 

Figure 4 Power vs Tip speed ratio for 0.66 m/s velocity 
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Experimental results for 0.97 m/s velocity are given in Table 4. 

Table 4 Trial-4 results 

TSR ( ) RPM Torque 

(NM) 

Power 

(Watt) 

Free stream 

Velocity(m/s) 

Cp 

1.402749 52 0.003502 0.019060 0.97 0.000278 

1.348797 50 0.009270 0.048513 0.97 0.000709 

1.321821 49 0.012772 0.065503 0.97 0.000957 

1.267869 47 0.025081 0.123379 0.97 0.001802 

1.240893 46 0.030385 0.146294 0.97 0.002137 

1.186942 44 0.035999 0.165785 0.97 0.002422 

 

 

 
 

Figure 5 Power vs Tip speed ratio for 0.97 m/s velocity 

Experimental results for 1.02 m/s velocity are given in Table 5. 

 

 Table 5 Trial-5 results 

TSR ( ) RPM Torque 

(NM) 

Power 

(Watt) 

Free stream 

Velocity(m/s) 

Cp 

1.539216 60 0.003605 0.022639 1.02 0.000284 

1.487908 58 0.009528 0.057838 1.02 0.000727 

1.462255 57 0.013133 0.078348 1.02 0.000984 

1.385294 54 0.027295 0.154271 1.02 0.001938 

1.333987 52 0.030952 0.168459 1.02 0.002117 

1.282680 50 0.036308 0.190009 1.02 0.002387 

1.205719 47 0.046093 0.226744 1.02 0.002849 
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Figure 6 Power vs Tip speed ratio for 1.02 m/s velocity 

The Effect of five different free stream velocity on Power vs Tip speed ratio is given in figure 7. 

 

Figure 7 Power vs Tip speed ratio for all velocity 

IV. CONCLUSION 

 

The experimental investigation of darrieus type straight blade hydro turbine is done and the parameters like solidity, the 

number of blades, chord length and free stream velocity effects on performance has been checked, and the following 

conclusions were obtained. 

In numerical study three non-cambered NACA blade profile is analyzed and concluded that power mainly depends on the 

blade profile. For low-speed turbine NACA0021 give the maximum power coefficient of all profiles. From five 

experimental trials of the Darrieus hydro turbine in a water channel on the NACA0021 blade profile with solidity 0.8 

self-starting of turbine has been obtained. So the higher solidity gives the better self-starting capability of the turbine, so 

maximum power is only obtained at higher solidity as well as higher velocity with lower tip speed ratio. As the numbers 

of blades have increased more than three, then the coefficient of power is decreased. 
  

0

0.05

0.1

0.15

0.2

0.25

1.20571 1.28268 1.33398 1.38529 1.46225 1.4879 1.53921

P
O

W
E

R
 (

W
at

t)
 

Tip Speed Ratio (TSR) 

POWER vs TSR 

POWER

0

0.05

0.1

0.15

0.2

0.25

1 1.5 2 2.5

P
O

W
E

R
 (

W
at

t)
 

Tip Speed Ratio (TSR) 

V=1.02

V=0.97

V=0.66

V=0.56

V=0.48



International Journal of Advance Engineering and Research Development (IJAERD) 

Volume 5, Issue 06, June-2018, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406 
 

@IJAERD-2018, All rights Reserved  436 

V. REFERENCES 

 

[1] Marco Torresi. “Numerical Investigation of a Darrieus Rotor for Low-Head Hydropower Generation.”(2013). 

[2] Kai Shimokawa, “Experimental Study on Simplification of Darrieus-Type Hydro Turbine with Inlet Nozzle for 

Extra-Low Head Hydropower Utilization, Renewable energy,” 41 (2012) 376-382. 

[3] http://www.esru.strath.ac.uk/EandE/Web_sites/0102/RE_info/Tidal%20Power.htm 

[4] D J Hilton, “Performance of Darrieus Water Turbine at Different Solidity,” eight australian fluid mechanics 

conference, (1983). 

[5] Mohamed MH. “Design optimization of Savonius and wells turbine.” Ph.D. Thesis, LSS-S01/11, Univ. of 

Magdeburg, Germany, 2011. 

[6] F.Behrouzi, A. Maimun, M. Nakisa, “Review of Various Designs and Development in Hydropower Turbines,” 

international journal of mechanical, aerospace, industrial, mechatronic and manufacturing engineering ,8 (2) 

(2014). 

[7] Shamez Kassam, “In-situ testing of a darrieus hydro kinetic turbine in cold climates,” The University of Manitoba 

,2009. 

[8] M.J. Khan, M.T. Iqbal, J.E. Quaicoe, “River Current Energy Conversion Systems: Progress, Prospects and 

Challenges, renewable and sustainable energy reviews,” Elsevier, 12 (2008) 2177–2193. 

[9] Airfoil coordinate data are available at Airfoiltools.com 

[10] Pol Goma, “Computational fluid dynamics study of a vertical axis tidal turbine using fluid structure interaction 

approach,” 2014. 

[11] K. W. McLaren, “A Numerical and Experimental Study of Unsteady Loading of High Solidity Vertical Axis Wind 

Turbines,” PhD Thesis, McMaster University, (2011). 

[12] Y. M. Dai, W. Lam, “Numerical study of straight bladed darrieus type tidal turbine,”162(2009) 67-76. 

[13]  Eren Demircan, “Design and analysis of a vertical axis water turbine for river applications using computational 

fluid dynamics,” MS Thesis, (2014). 

[14] S Lain, C Osorio, “Simulation and evaluation of a straight-bladed Darrieus-type cross flow marine turbine,” 69 

(2010) 906-912. 

[15] T. Maître, E. Amet and C. Pallone, “Modelling of the Flow in a Darrieus WaterTurbine: Wall Grid Refinement 

Analysis and Comparison with Experiments, Renewable Energy,” Elsevier. 51(2013) 497–512. 

 

http://www.esru.strath.ac.uk/EandE/Web_sites/0102/RE_info/Tidal%20Power.htm

