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prosposta tem para um TSR = 5, entre com Ω = 300 – ≈ 0.54, enquanto
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≈ 0.55, com TSR = 8, cerca de 600 RPM no Ansys Fluent
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= 5◦ (Adapted from 



scale harvesters in the literature (diameter ≤ 

and scaled biomimetic wind turbines at U∞ = 10 m/s, where Exp denotes experimental data, S1 

called Queen’s Wreath (b –

Cp Vs λ for different blade inclination angles. (a) from 15° to 35°. (b) from 40° to 90°. 



(a) Torque and λ vs airflow speed for machigua seeds. (b) Cp vs λ and power vs λ for 
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velocity imparted to the flow stream, ω, is significantly smaller than the angular velocity, Ω, of the 

sectional area of 2πrdr. Pressure, wake rotation, and induction 
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u2 = u3 = uR
ṁ =  ρ. A. uR

T =  −ṁ(u ∞ − uw)



p0 + 12 . ρ. u∞2 = pu + 12 . ρ. uR2 pd + 12 . ρ. uR2 = p0 + 12 . ρ. uw2

T =  A. p′
p′ = (pu + pd) 
p′ = 12 . (u∞2 + uw2) 
T = 12 . ρ. A(u∞2 + uw2) 

ṁ
uR = u∞ − uw2  

a =  u∞ − uRu∞  uR = u∞(1 − a)



uw = u∞(1 − 2a) 

P =  T. uR (2.14)
P = 12 ρA(u∞2 − uw2)uR 
P = 12 ρA. u3 uR uwP = 2ρAa(1 −  a)2u∞3 

ρ

CP = PmecPwind = T ∙ ω0.5ρu∞3A 
u∞ρ 𝜔



CP = PePt = 4a(1 − a)2

T = 2ρAa(1 − a)u∞2
λ), 

CT = T0.5. ρ. u∞2. A 
CT = 4a(1 − a)
CP =  λCT

ₘₐₓ

CP,max = 1627  ≅ 0.5926 CT,max = 89  ≅ 0.8888



𝑎 =  13.

– –

, λ, the ratio between the speed of the turbine blade tips and the wind 

‘

•
•
•
•

∞



increases from Ω to Ω+ω. In contrast, the axial component of velocity remains const

p2 − p3 =  ρ (Ω + 12ω)ωr2

dT = (p2 − p3)dA =  [p2 − p3 =  ρ (Ω + 12ω)ωr2] 2πrdr
a′ =  ω2Ω𝜔 Ω 

𝑎
rΩa’. Introducing the angular induction factor into Eq. (2.29), we have:dT = 4πρu∞2a(1 − a)rdr

a(1 − a)a′(1 − a′) = Ω2r2u∞2 = λr2
λ

λ

λ =  Ω. Ru∞ =  Vtanu∞  

𝜆





β
λ β λ
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φ =  θ +  αurel = u∞(1 − a)sen(φ)tan(φ) =  u∞(1 − a)Ωr(1 − a′)  =  (1 − a)(1 − a′)λrdFD = CD 12 ρurel2cdrdFL = CL 12 ρurel2cdrdT =  dFL cos(φ) +  dFDsen(φ)dL =  dFL sin(φ) −  dFDcos(φ)

dT =  B 12 ρurel2  (CL cos(φ) + CDsen(φ))cdrdL =  B 12 ρurel2  (CL cos(φ) − CDsen(φ))cdr
φ CL CD

force’s

dQ = rdL



dQ = B12ρurel2  (CL sen(φ) − CDcos(φ))crdr
defining the solidity ratio, σσ =  Bc2πr

Ω
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reduces the coning angle in flight and, therefore, increases the effective area of the disk (S = πR



seed’s longitudinal axis and one end

nearly equal to or slightly higher than the AR = 4.0 of the gliding seed. The low solidity (σ = S
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on. It is convenient to express this component as ωr (see Fig. 2 a), where ω is the 
"angular velocity" of the fluid. It is still convenient to describe ω itself as:ωr = 2ãΩr
Ω is the angular velocity of the wing 

dT = 4πρ(Ux)−∞2(1 − a)aFrdr
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Re =  √(ωRtot)2 + vz2 ∙ Lv
Re =  √(77.9 rads ∙ 0.029ms )2 + (0.94ms )2 ∙ 2.56 ∙ 10−4 N1.48 ∙ 10−5 m2s = 2242.27







ε turbulence model, steady flow, three







versus α for a range of Reynolds Numbers.
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ε turbulence model used in 
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𝑎 𝑁𝑏 𝑏 𝑁𝑏

Ω

1.2 to 8 m/s. The electrical output power measured under resistive load ranges from 41 μW to 81.7 

𝛼𝑝 = 30◦ and 𝛽𝑈 𝑁𝑏



𝑎 𝑏𝛼𝑝 = 30◦ and 𝛽 = 5◦

𝜆
a minimum demand of 100 μW from winds at 1.4 m/s, highlighting its high performa

scale harvesters in the literature (diameter ≤ 7 cm)





ω turbulence model (Menter, 1994) was used to 
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biomimetic wind turbines at U∞ = 10 m/s, where Exp denotes experimental data, S1 denotes fine mesh, y+1 denoted 







ω turbulence model was chos



"U". As shown in Table 4, nine different configurations of αr and θr were tested, with a range of 
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Cp Vs λ for different blade inclination angles. (a) from 15° to 35°. (b) from 40° to 90°. Wind 

and 35° at λ ≈ 2. However, larger angles, from 40° to 70°, showed a co
decreases as the blade pitch angle increases. There were no measurements in the λ range of 



curve, making no measured point in the related λ range.

Torque and λ vs airflow speed for machigua seeds. (b) Cp vs λ and power vs λ for Machigua rotor. 



vs. λ curve 
maximum value at 1.59 λ with C

vs. λ. The maximum torque value is 0.626 at λ, equal to 0.58, while 
0.04 at λ, equal to 3.5. The C

value of 0.429 at λ of 1.94. The experimental results (both from Castañeda and this 
in the range of λ from 1.7 to 2.6. 



%, but with different λ values. The 

occurred at λ = 
, it was λ = 2. For power (Fig. 6
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ρDV⃗⃗ Dt =  −∇p + pg⃗ +  μ∇2V⃗⃗    
∇ 𝑔 𝑉⃗  

 𝑢 𝜕𝑇𝜕𝑥 + 𝑣 𝜕𝑇𝜕𝑦 = 𝐾 (𝜕2𝑇𝜕𝑥2 + 𝜕2𝑇𝜕𝑦2)
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An iPhone 14 Pro Max camera (Apple, Cupertino, CA, USA) with a 12MP ƒ/1.78 lens was 
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m/s ≤ 𝑢∞ ≤ m/s with increments of 2 m/s, with Ω values ranging from 200 
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order spatial discretization scheme was chosen. Residuals of the specific dissipation ω, kinetic 
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ω SST turbulence model has high requirements for grid resolution near the model 
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and flow streamlines (right), in both figures. Here, only the results at λ = 5 are presented, as this 
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theoretically occurs when β 0º and for λ = 6.75 (Soni; 

.472 was obtained for λ = 4.72.
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Aroca reached a maximum Cp value of 0.429 at λ of 1.94. Experimental results 
in the range of λ 

values of λ. It is also noted that higher 

only its bending angle. In 2022, adding the angle of attack αr, shown in Tab. 4, of 15° and a bending 
angle θ
λ = 1.5; for 2022, it was at 2.6, while for , it was λ = 2.

𝛼 𝛽 ≈1.6 in the range of 𝜆 –

In the case of this study, for αr and θr of 0°, the prototype had a C
0.16, in the range of 0.5 < λ < 4.5, considering both experimental and simulation values. The 
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