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EFFECTIVE DARRIEUS H-ROTOR WITH OPTIMAL
PITCH ANGLES OF BLADES

Purpose. To create the computational method to determine optimal pitch angles of straight
blades for the Darrieus rotor.

Methodology. Method to determine optimal pitch angles to increase the efficiency of the
Darrieus H-rotor.

Findings. Torque and power characteristics of Darriues H-rotor versus tip speed ratio and
pitch angles.

Originality. Optimal pitch angles for all the work conditions of the rotor were obtained.

Practical value. It was shown that the controlling of the blades deflection can provide to
create and increase the starting torque and also to enlarge the rotor efficiency.
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Introduction. It is well known that the Darrieus rotor is rather efficient among vertical axis
wind turbines. But it is not self starting at low wind speed and there is a problem of having
excessive runaway in strong wind. This paper conducts with the controlled ways of providing the
Darrieus rotor with the self starting, cutting of the runaway and further increase of its efficiency.

Definition of objective. Two principal views of blades control (passive and active) are
distinguished. At passive blades control each turbine blade has turn possibility due to crosspiece
and, depending on a site of this axis on chord blade, aerodynamic (or inertial) forces will try to turn
the blade towards the reduction of angle of attack. If putting any elastic catchers of blade turn on
crosspiece a possibility arises to passively regulate an angle of attack of blade depending on turbine
rotation speed. The detailed review of such devices is presented in [1], as well as results of tests,
models and the natural samples. An active pitch control presumes optimal individual angles of
attack for every blade. There is presented vector chart (Fig.1) for determining the local angle o of
attack for a blade and incident wind speed U with the wind speed upstream U_ and with the

rotational one R [2].

L"’m

Fig.1. Vector chart of velocities and forces acting the blade. 0 is the azimuth angle of the blade,
o is the angular velocity of the rotor, R is the rotor radius, p is the pitch angle
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It may be written from the vector triangle of speed (Fig.1):
U2=UZ+(0R)" +2U, oRcosh, Y. U
sino.  sin®
Introducing dimensionless values for the incident wind speed U and the rotational one wR
respectively:

U= y }\‘Z(D_R,
) U

© 0

we have the more compact formulae:

U’ =22 +21cos0+1,
1 (1)
Sina.==sino.
U

Dependence of the local angle o of attack for the non-deflected blade versus the tip speed
ratio (TSR) A is calculated and the azimuth angle 6 using the formulae (1) is presented in (Fig.2):

As it is seen from this diagram the angles of attack have not always the optimal values and
they ought to be properly reduced.

Torque of the blade versus azimuth angle 6:

M(8) =(Y sino.— X cosa)R. (2)

Taking into account the pitch angle B (Fig.1) the formula (2) is transformed to the form:
M(6) =Y sin(o.+PB)— X cos(a+B)]R.
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Fig.2. Angles of attack
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Moving to the dimensionless form we obtain the torque coefficient for the blade:
Cy (0)=[C, sin(a+B)-C, (:os(oc+B)]§/U2 :
where R=R/L is the dimensionless radius;

L= IS the characteristic dimension (usually it is the rotor diameter D).
Thus averaged torque and power coefficients for the rotor are respectively:

i 27
C, :E!CM 0)do,

C,=C. 2,
where i is the number of blades.

It is necessary to find pitch angles  to enhance the efficiency Ce over the whole range of
service wind speed with:

max;, Cp,
O<A<A_.,0<06<2m

max !

Trapezium method is used to determine the torque coefficient C, and the power one C, .
The dependence of the optimal pitch angles B, throughout the full range of azimuth angles

0 of blades position for various values of TSR A is presented in (Fig.3) for the NACA 0018 airfoil.
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Fig.3. Optimal pitch angles

80



ISSN 1813 - 6796 Mexamponni cucmemu. Enepzoegpexmuenicmo ma
BICHUK KHYTJ Ne5 (102), 2016 pecypcosbepedicenn
Mechatronic Systems. Energy Efficiency & Resource Saving

Naturally we have obtained the values of the actual angles of attack (o.+p) in the range

where the airflow is without separation.

At low values of tip speed ratio A the blade oscillations with the big angular amplitude of 8
are more effective, and at higher values A the oscillations with the small angular amplitude of B are
efficient. It agrees with the test results in wind tunnels [3-5].

In (Fig.4) and (Fig.5) the curves of torque and power coefficients versus TSR A for the fixed
and the controlled pitch angles B are presented.

It must be noted from the picture (Fig.4) that controlling the pitch angles generates the
starting torque which was absent before. The phenomenon of the torque coefficient curve falling at
the beginning of motion (Fig.4) may be explained with the impairing of blades work due to very
low values of the incident wind speed in the range of azimuth angles from 90 to 270 degrees where
the wind speed is greater than the rotational one.

Controlled [}
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Fig.4. Torque coefficient

As it is seen from the curves the best non-controlled pitch angle equals to zero. Thus we
may conclude that if we fix the blades it is very important to make it accurately. A case when we
control the pitch angles only by TSR has not shown in (Fig.4) and (Fig.5) because of it is practically
coincided with the curve for the case of B=0. Thus we may resume that there is no sense to control

pitch angles only by TSR.
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Expressions for calculate the rotor torque and power coefficients via TSR A and pitch angles
B of the blades for the whole range of azimuth location 6 of blades have been obtained.
The suitable computer aided algorithm was produced to determine the optimal values of

pitch angles B, throughout the full range of azimuth angles 6 of blades position for various values

opt
of tip speed ratio A.

Controlling the blades deflection provides:

— to create and increase the starting torque coefficient C, (which was absolutely absent

earlier) at low wind speed that leads to decreasing of the cut in wind speed;
— to enlarge the rotor efficiency C, at exploitation range of wind speeds (up to 40% of

increasing for the value of TSR A = 6);

— to impair the work of rotor with zero rotation with the zero torque coefficient C, to avoid
its damage at excessive strong wind,;

—to increase the cut off (autorotational) value of TSR A.

Thus controlling of pitch angles widens the work range of the rotor TSR. Controlling of the
pitch angles may be successfully used in tidal and water wave energies where it takes place
alternating to and from the coast stream direction apart from the rotation of the rotor itself. The
values of the optimal pitch angles diminish with the increasing of the TSR.

Conclusions. Further investigations must be made taking into account the interference
between the rotor blades and damping with the rotation ® of the blades.

It is probable controlling of the pitch angles of blades may essentially diminish:

— the appearance of vortices and turbulence in the downstream airflow, that would improve
efficiency of the leeward side blades;

— the aerodynamic load on the rotor shaft.
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3®PEKTUBHLI H-POTOP JAPBE C OINTHUMAJIBHBIMA YIJIAMHA

OTKJIOHEHMS JIOTACTEN

CHUHEI'JIA30B B.M., 3SUT"’AHILIVH A A.

Hayuonanvuelii asuayuonnulii ynusepcumem

Heasb. Co3naTe 4KUCIEHHBIA METOA ISl ONPEIECNICHUS ONTHMAJIbHBIX YIJIOB OTKJIOHEHHUS
npsambix Jonacterd H-potopa [lapee.

Metoauka. MeTon ompeneneHus ONTHUMAIBHBIX YIJIOB OTKJIOHEHHUS MJsl YBEIMYEHUs
addextuBrocTr H-potopa [lapse.

PesyabTarbl. XapakTepUCTUKH KpyTALIEro MomeHTa W MomHoctu H-poropa [lapee B
3aBUCUMOCTH OT OBICTPOXOJHOCTH U YIJIOB OTKJIOHEHUS JIONACTEH.

Hayuynass HoBuM3Ha. [loiyuyeHbl oNTHMaibHBIE YIJIBI OTKJIOHEHHUS Ul BCEX PEXKHMOB
paboTHI poTOpA.

IIpakTHyeckass 3HAYMMOCTb. BBUIO ITOKa3aHO, YTO YIPaBICHUE OTKIOHEHHEM JIONACTEH
MOXET O0€CcleYuTh CO3J4aHWE U YBEIMUYEHHE IIyCKOBOIO MOMEHTa M TAaKKe IOBBICUTh
3¢ PEeKTUBHOCTH pabOTHI pOTOpA.

Knwouesvie cnosa: aspoounamuxa, ynpaeienue omkioneHuem, pomop Jlapve, 6emposas
mypouHa.

E®EKTUBHUMA H-POTOP JIAP’E 3 OINTHUMAJBHUMHM KYTAMH

BIIXWJIEHHSA JIOITACTEM

CHUHETJIA30B B.M., 3II'AHIINH A.A.

Hayionanvruii asiayutinuii ynisepcumem

Mera. CTBOPUTH YHCIOBMIA METOA [UIsl BU3HAYEHHS ONTHMAJbHUX KYTIB BiIXUJICHHA
npsMHX Jomnacteil poropa ap’e.

Metoauka. Meron BH3HAYEHHS ONTUMAIbHMX KYTIB BIAXWUJICHHS JUIS TOKPAIICHHS
edexTuBHOCTI H-poTopa lap’e.

Pe3yabTaTn. XapakTepUCTHKH KPYTHOIO MOMEHTY 1 MOTyXHOcTi H-poropa [ap’e B
3aJIe)KHOCTI BiJ] IIBUIKOX1THOCTI Ta KYTiB BIAXUICHHS JIOMACTEH.

HaykoBa HoBM3HAa. OTpMMaHO ONTHMAJIbHI KYyTH BIAXWJIEHHS IS YCIX PEXUMIB poOOTH
poTopa.

IIpakTuyHa 3HauMMicTh. byno mokazaHo, Mo KepyBaHHS BIAXWJIEHHSM JIOTIACTEH MOXKeE
3a0e3MeUnTH CTBOPEHHS 1 30UIBIICHHS IMyCKOBOTO MOMEHTY Ta MiJBUUIMTU €()EeKTUBHICTH poOOTH
potopa.

Knrouoei cnosa: aepoounamixa, kepysanus gioxuieHHsam, pomop /ap’e, simposa mypoina.
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