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2. Problem statement
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3. Blade Eilement Theory

Resistance é
Force

jw
Trust N

é -
| Drag

Lift
L

Torque/
radius




4. Information €Collection

= Physical Equations.

. 1 L il
- Lift force : SCupy | (or)’D-drxN =§CLpfw2D|—3
D f . 1 L 2 1 D=1 5
—lragiiorce . ECD,Of IO (wr)°D-drxN :ECDpfa) DL
. i 1 S )
- Trust : L.F xcosé—D.F ><sm0=§pfco DL*(C, cos@#—C, sin6)
2 N x| dA
- Solidity : IAZ LV
7L L 7L
: 4
- Resistance force : pQ(2V,, —V,) = pQ( 9 -,)

2

= Parameters

1.225 kg/m3 Speed of Wind 125 m/s
500 m3/s Ang. Velocity 2500 rpm

Lift Coeff. ~3.79*%10°9" +8.96*10*9° —0.00716* + 0.08410 — 0.0035

Drag Coeff. | 0.0016° —0.00178 +0.0375




5. Determine Design Variable

= o2dEdo 450 S 0|X|= Hy
- 20| L: Lift force, Drag force, Trust, Resistance Force, Solidity0j|

Jdet= OX|= B
- L4H| D : Lift force, Drag force, Trust, Solidity0]] ¥sF2 O/X|= H

- ZtE O : Lift - Drag Coefficient, Trust0f] Y&k O|X

o

I_l_l_
&
1

= 09 &2 FHE 3 ot7| flol "C-Cp'2l wiE U2 ot= wU2E
<}

40| BXS JHX|B F0{Xl T2 BHESH= 2l (Blade)2] Z0|(L)
Z4
=



6. Constraints & Object Function

= Physical Constraints

- G1 = Trust > Resistance Force
D20 20| 27|29 MetEH L} 7O s}

- G2 = Solidity > 10%

: EEE1IE.|O| Ao §o|7| _|_|o|. x|/\opo| 7I-E

==
(% &Z : NASA Contractor Report 198237, “An Assessment of Propeller Aircraft
Noise Reduction Technology”)

= Geometry Constraint
-G3=L=<15m

2K Bl HJ0) oot ==Y Z0|9| +

Jp>
I
e

= Object Function
- Minimize Area =L xD



7. Graphical Solution

length L(m)

# Blad W D
12.84147 3 2617994 0772406 0180573 9107378 2129121

Press. density  Vwind Vp Q V4
109570.3 1.225 125 97.18118 500 69.36235




8. Reference

= Wind turbine engineering design / Eggleston, David M / Van
Nostrand Reinhold / 1987

= Analysis of Propellers / www.aerodynamics4students.com

= An Assessment of Propeller Aircraft Noise Reduction
Technology / NASA Contractor Report 198237
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Any Questions?
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