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Numerical Analysis of Aerodynamic Characteristics and Performance
Analysis on H-rotor with Various Solidities
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ABSTRACT

Three-dimensional unsteady numerical analysis has been performed to observe aerodynamic characteristics of a H-rotor.
Generally, the structure of the H-rotor is simple but the aerodynamic characteristics are exceptionably complicated since the
angle of attacks and incident velocities to a blade are considerably varied according to the azimuth angles and solidities. The
blade in the upwind revolution between 0 to 180 degree obtains acrodynamic energy from the free stream but the blade in the
downwind revolution between 180 to 360 degree does not. When the rotating speed increases, the blade in the downwind
revolution accelerates the air around the blade like a fan and it consumes the energy and shows negative torque in the area.
On the other hand, the direction of the free stream is bent because of the interaction between blade the free stream. Therefore,

the operation point (highest power coefficient) appears at a lower tip-speed-ratio what it is expected.
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(a) Computational domain (non-scaled)
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(c) Dimensions and azimuth angle
Fig. 1 Computational domain, grids, specification of H-Darius turbine
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Table 1 Computational conditions

Item Value Note
Chord 0.1-0.35 m
Vin 7 /s free stream
Blade height 1m
Radius 1m
Solidity (o) 0.2~0.7
Aspect ratio 2.8-10
Pitch angle 3 deg.
Re 0.46-1.61x10° chord based

Table 2 mesh dependency test (75r=1.8, 6=0.7)

s [ ooas | poe T ' omp,
Coarse 250,000 2.935 0.34% 25
Base 490,000 3.001 2.62% 45
Refine 1,200,000 2.964 0.65% 143
Refine2 1,700,000 2.945 285
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—e— base
—a— refine

12 [ —w— refine2

: f \ St
S N "

0 60 120 180 240 300 360
Azimuth angle|®, Deg.]

Fig. 2 Comparison of torques between consecutive meshes
(7sr=18, 0=0.7)
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Fig. 5 Torque vs. azimuth angles : (@) o =0.3, 7SR= 3.1, (b)
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