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Experimental study of Darrieus wind turbine runners
Valentin Obretenov, Rossen lliev

The results of experimental studies of a Darius vertical wind turbine are presented in the paper.
The influence of the type of working blades on the characteristics of the turbine has been
investigated. The results of the studies carried out, which were compared to numerical survey
results, were analysed. On this basis, guidelines are formulated for the practical application of the
results obtained.

Keywords: Darrieus wind turbine, blades, experimental investigation, characteristics.

OnuTHO n3cnengBaHe Ha pa60T|-|M Konena Ha BATbpPHa Typ6vu-|a ™n .D,apuyc
BaneHtuH O6peTteHoB, PoceH Unues

B pabomama ca npedcmaeeHu pe3ynmamu Om ONMuUMHU u3cried8aHuUs Ha eepmukarsiHa
essmbpHa mypbuHa mun Hapuyc. NscnedeaHo e enusgHUemo Ha euda Ha pabomHume ronamku
8bPXy Xapakmepucmukume Ha mypbuHama. AHanu3upaHu ca pe3yamamume om HarpageHume
u3criedgaHusi, KOUMO ca CpasHeHU C pe3ysimamu om 4ucsieHo u3cnedsaHe. Ha masu ocHosa ca
opmMynupaHuU HacoKu 3a rnpakmu4eckomo MpusioxeHUe Ha roy4YeHume pesynmamu.

KnioyoBn pymu: BsaTbpHa TypbuHa [apuyc, paboTHM nonaTtku, OMWUTHU W3CredBaHus,
XapaKTepUCTUKN.

Introduction

A main purpose in designing each vane machine is to achieve maximum workflow efficiency.
Vertical axis wind turbines are characterized by relatively low efficiency and researchers are striving
to achieve higher power coefficients with a variety of aerodynamic schemes [2,6,7] and more often
- using different catalog aerodynamic profiles for runner blade synthesis [1,5,7]. Very rarely,
publications reflecting research on development of blades, for example blade profile synthesis methods
of this type of turbine [4].

In this work are presented results of
comparatively experimental study of
model VAWT with 4 runners, differing in
the geometry of the working blades.

Setting of the experimental
research

The researches has been done on
the test stand of VAWT in HEHT lab of
Technical University Sofia ( stand #7 ) [3].
The wind turbine runner consists of two
carrier discs, between which the blades
are mounted — fig.1. For the purpose of
this study four sets of runner blades were
made, with which 4 runners were
composed, each with 6 blades. The
runner blades are mounted on a circle

Fig 1. Runner
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with diameter Do=800mm and can be rotated around their axes, i.e. the insertion angle of the blade
- ¢r can be changed (fig.1).

1. Runner #1

The blades are flat, with length L=180mm, thickness A=6 mm and height H=800mm (fig.2a).
They are of constant thickness A=5 mm, the inlet and outlet are rounded with radius r=3mm.

2. Runner #2

The blades are part of cylindrical surface with radius R=100mm, chord L=150mm, thickness A=5
mm and height H=800mm (fig.2b). They are of constant thickness, the inlet and outlet are rounded
with radius r=2.5mm.

3. Runner #3

The blades are profiled. NACA 0015 catalog profile has been used — symmetrical, with chord
L=200mm and maximum thickness A=30mm (fig.2c). The blades have height H=800mm.

4. Runner #4

Blades are cylindrical (as runner blade Ne2), but are mounted in a tilted position relative to the
carrier discs (fig.2d), i.e. at angle d relative to the horizon. This angle may change in range (0°-+ 90°).
The purpose of the study is to determine the influence of the tilt angle on the workflow efficiency.

Photos of the tested runners are shown on fig.3.

30
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Fig.2. Blades

The measurement of the shaft torque M,, the rotational speed n (respectively shaft power P =

My, w = Mg;m and the wind velocity Cy is described in detail in [3]. The shaft load (for modeling
different modes of operation) is carried out using mechanical brake [3].

Experimental studies with runners Ne1, 2 n 3 are made for several values of insertion angle ¢,
but with runner #4 — for the optimum value of this angle ¢, ~ 55°. The purpose is to obtain
summarized characteristic Cppmqx = f(6), i.e. the dependence of the maximum valued of the power

coefficient on the value of the angle of inclination of the blades o.
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#2 #
Fig.3. Runners

The runners #1 and #3 have been tested at wind speed C,=9m/s, while runners #2 n #4 — at
wind speed C,=8.1m/s.

Results
On fig.4 and 5 are shown the dependencies of torque M, and the regime parameter TSR (ratio

of peripheral speed in the peripheral section of the runner to the wind speed; TSR = u/C,, [4]) of
insertion angle of the runners #1 n #3. Experimental studies have shown that the power values
are very small (less than 1 W), respectively low power coefficient values.
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Fig.4. Runner #1 Fig.5. Runner #3

On fig.6 are shown analogous dependencies on the runner #2, while on fig.7 — for runner #4
(here as the independent variable the angle of inclination of the blades & is used — fig.2d).
On fig.8 is shown dependencies of maximum values of power coefficient Cp,q, to the angle of
inclination of the blades & (for runner #2 6=90°). The power factor is defined as the ratio of the
turbine shaft power to the air flow rate power.
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The power factor is defined as the ratio of the turbine shaft power to the airflow power: C, =
P/B, ,where B, = pSC3/2 and S = DH is conditional area of the runner (his cross section area).
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Fig.8. Dependence of the power factor from the angle of inclination of the blades
(runner #4)

Results analysis

The main conclusions that can be drawn from the results of the experimental studies are the
following:

1. Runners with flat and profiled blades (runners #1 and #3) work with very low efficiency (values
of the power coefficient are under 1%), flat blades even surpass those profiled by this indicator.

2. The optimal value of the insertion angle of the blades for the runners #2 and #3 is in range
@ = 50° + 60°, while for runner #1 is lower (40° = 50°).

3. The slope of the blades towards the horizon has a noticeable impact on the efficiency of the
work process. The slope of the blades towards the horizon has a noticeable impact on the efficiency
of the work process. Moreover, the results of the experimental studies show that at 6=86° the value
of the power coefficient is the highest (higher than upright blades: 6=909).

4. The runner with cylindrical blades (#2) shows about 10 times higher values of power
coefficient, in comparison with the runner #3 (with profiled blades) — table.1. Reasons should be
sought in the particularities of the work process In these turbines: the interaction of the blades with
the air flow in the active and passive zones, their curvature, etc. Obviously, only the angle of attack
can not provide the necessary circularity around the blade. On the other hand, in these turbines
significantly more important is the change of direction and velocity in the working blades. In support
of this finding, on fig.9 are shown CFD result analysis: streamlines and velocity distribution for the
optimum operating mode of runners #2 (¢, = 55°%; C,, = 9?;n =20min~1) and #3 (¢, ~ 55°%; C,, =

9§;n =18 min~1).
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Maximum value of the power coefficient Table1.
Runner #1 #2 #3 #4
Maximum value of Cp, % 0.25 3.07 0.20 4.6

Runner #3
Fig.9. Streamlines and velocities

5. The results of the experimental studies show low energy efficiency of the runners. One possible
hypothesis about the relatively low power factor for the tested runners is the higher values of the
mechanical losses in the model block. Therefore, studies have been conducted for several air flow
speed at the optimum value of the insertion angle of the runner blades. The results of these studies
for optimum turbine operation are presented in table 2.

Main results for optimal mode of operation Table 2.
No| C,, m/s 4 6 8 9 10
1. [ n, min”’ 12 22 32 38 44
2. | P W 0.38 2.30 6.70 9.72 13.36
3. | TSR 0.14 0.17 0.19 0.20 0.21
4. | Cp, % 1.35 2.45 3.07 3.07 3.08
5. | Re.10% 2.78 4.18 5.57 6.27 6.96

The data in Table 2 shows that with increasing of the air velicity, the rotation frequency of the
turbine naturally increases (in it's optimal mode), respectively the number of Reynolds Re = C,, D, /v
(D, — inner diameter of the runner, v — coefficient of kinematic viscosity), while the values of the
power factor increase to current speed, then practically do not change. On the other hand, it is
known that mechanical losses in bearings increase linearly with an increase in the rotational speed
of the runner. Low values of the power factor and the nature of the change in its values with an
increase in the flow rate show that, the mechanical losses in the bearings do not significantly affect
the turbine's energy balance.
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Conclusion
The results of the research have given rise to the following more important conclusions:
1. The characteristics of a vertical wind turbine with four rotors have been investigated, differing

in the geometry of the blades (flat, cylindrical, profiled, cylindrical with tilted axis).

2. The results of the research are analyzed, with the most important conclusions being drawn:
[J the highest values of the power factor are obtained with the rotor with cylindrical blades with

inclined axis;

O the optimum insertion angle for the rotors with cylindrical and profiled blades is in the range

¢, = 50° =+ 60°, while for runner with flat blades is (40° + 50°);

[0 the mechanical losses in the bearings do not affect significantly the turbine's energy balance.
3. The results obtained, in addition to expanding the knowledge of vertical wind turbines, enable

the development of more efficient machines of this type.

References

Han D., Y. Gun, N. Choi, S. Nam, K. Choi and K. Kim. Design, Fabrication, and Performance
Test of a 100-W Helical-Blade Vertical-AxisWind Turbine at Low Tip-Speed Ratio. Energiesq
No11, 2018.

Kavade R., P. Ghanegaonkar. Effect of Best Position Blade Pitching on Power Coefficient of
VAWT at Different Tip Speed Ratio by SST & DMST Model. FME Transactions, No 46, 2018.
Obretenov, V., R. lliev. New model wind turbine with vertical axis. Proc. of Scientific Conference
EMF 2018, Vol. Il, pp. 288-295, Sozopol, 2018, ISSN 1314-5371.(in Bulgarian)

Obretenov, V., Ts. Tsalov, T. Chakurov. Wind turbine with vertical axis. Proc. of Scientific
conference EMF'2012, v. I, pp. 28-34, Sozopol, 2012, ISSN 1314-5371.(in Bulgarian)
Scheurich F., T. Fletcher, R. Brown.The Influence of Blade Curvature and Helical Blade Twist
on the Performance of a Vertical-Axis Wind Turbine. 29th ASME Wind Energy Symposium,
2010.

Tirkey A., Y. Sarthi, K. Patel, R. Sharma, P. Kumar. Study on the effect of blade profile, number
of blade, Reynolds number, aspect ratio on the performance of vertical axis wind turbine.
International journal of Science, Engineering and Technology Research (IJSETR), Volume 3,
Issue 12, pp. 3183-3187, 2014.

Zhong Y., Gu Yi-Zhuo, Li Min, Li Yan-Xia, Lu Jie, and Z. Zuo-Guang. Design and Analysis of
Small-Scale Lift-Type Vertical-Axis Wind Turbine Using Composite Blade. Polymers & Polymer
Composites, Vol. 22, No. 4, pp. 423-430, 2014.

Prof. Dr. Valentin Obretenov; Phone: +359 2 Mag. Eng. Rossen lliev, PhD student; Phone:
965 2333; E-mail: v_obretenov@tu-sofia.bg +359 2 965 2349; E-mail: sladow@abv.bg

TU - Sofia, Department of Hydroaerodynamics and Hydraulic Machinery
Laboratory of Hydropower and Hydraulic Turbomachinery
www.hydrolab.tu-sofia.bg



https://www.researchgate.net/publication/336319196

