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2. Problem statement
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2. Problem statement

= Physical Equations.

. 1 1 i
- Lift force : SCupy | (or)’D-drxN =§CLpfw2D|—3
. 1 L 2 l 2 3
- Drag force : ECD,Of IO (wr)°D-drxN :ECDpfa) DL
- Thrust : L.F xcos&—D.F ><sin9:%,ofa)2DL3(CL cos@—C, sin )
2 i N x| dA
- Solidity : IAZ ML LI
L L 7L
- Resistance force :  pQV,, —Vin)=2pQ(%—Vm)
D/2
A - L =L+—
Total length : e ST N)

= Parameters

1.225 kg/m3 Speed of Wind 400 km/h

500 m3/s Ang. Velocity 2000 rpm



3. Modified probiem

=  Thrust = (Constraint 1

1 i
T== ’DL3(C, cos@—C.siné .
zpfw (C, b ) - Thrust > Resistance Force

=  Resistance Force = Constraint 2
Q
F:pQ(Vout _Vin)zsz(E_Vin) - Sohd'ty > 01
= Solidity = Constraint 3
W XfAdA: ND - L+D/2*sin(m/N) < 1.5
L2 Vi 4

Cost Function : Area (L*D)
Design Variable : L, D

Cost Function : Area (L*D)
Design Variable : L, D, GJ




4. Angle of Attack

0.24 /
f G, ool B
0.20 /
+ 30| A ’
1 0.16 1/4 0.8
T:E,ofcozDLs(CLcos@—CDsine) AR
&
0.12 .
c, 0.6
/
0 A 0.08 / Cp 0.4
0.04 - n "
] = Constraint 4 1\

Lift Coeff. |-—3.79%107°60" +8.96*10'6° —0.00716" +0.08416—0.0035

Drag Coeff. | 0.00160°-0.00170+0.0375 )

j -

.



5. Excel solver

L (m) D (m)

1.180082 0.123578 12.0+.

L (m) D (m) 0 (deg) Area (m?)

1.180012 0.123571 13.364088 0.437444



6. €hange Initial Point

Curent Parl Tokal Funchion Bnlnlime: 49
H . T 5 ¢
pL
Infeasible (L, D, ©) = (1, 0.1, 1) o Y
1=1.1800 5 26
x_optimum  D=0.1236 =4 = |
0=13.3641 o E
FE)
F value 0.4374 1
) -1 B AR TR B A BT TR
Exitflag 1 i e ok
296e—06 (Thrust) Ay Curent Funcion Vaker 04374 ,:n" imamum Core iraint Vinkiar § 77500009
4.26 (Solidity) B T e w s i
0 oy s
Lagrange 0 £ e
Multiplier | 0 e =
0 Zos =
0 M =
12 1 ¢
v A 0 2 L} i} 8 1lll © IlIl ; ¢ I * E ¢ ;
Mealm Il




6. €hange Initial Point

Feasible (L, D, ©) = (1.3, 0.3, 9)

L=1.1800
x_optimum  D=0.1236

0=13.3641
F value 04374
Exitflag 1

2.96e-06 (Thrust)
4.26 (Solidity)
0

Lagrange

0
Multiplier 0
0
0

B =

Gurrent polnt

]

8

Funstlon valus

-
T

M
T

Curent Pard

Curent Funchon Valer 043744
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T

M,

LA IR N
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Fungtlon

o

Tolal Funchion Balnlme: 57
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kemin
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6. €hange Initial Point

MATLAB fmincon

Infeasible (L, D, 6) = (1, 0.1, 1) Infeasible (L, D, ©) = (1, 0.1, 1)
L (m) 1.18001 L (m) 1.18001
D (m) 0.12357 D (m) 0.12357
0 (deg) 13.36409 0 (deg) 13.36407
Area (m2) 0.43744 Area (m?) 0.43744
Feasible (L, D, 6) = (1.3, 0.3, 9) Feasible (L, D, ©) = (1.3, 0.3, 9)
L (m) 1.18001 L (m) 1.18001
D (m) 0.12357 D (m) 0.12357
6 (deg) 13.36400 0 (deg) 13.36407
Area (m?) 0.43744 Area (m?) 0.43744
Ha: 00| B0 HE XS0 FHS DAY 5 S




7. Comparing Algorithm

xBest: 0.17367 Mean: 0.45449 Current Best Individual
15
4 ¢ Bestfitness g
- L=1.1852 ® 2 ¢ Mean fitness =
x_optimum | D=0.1255 © 210
0=13.3644 @ 1 -
@O
= 25
F value 0.4461 = 0 =
=
Exitflag 4 1 . . O oL N
0 50 100 1 2 3
Generation Number of variables (3)
Fitness Scaling Plot not available for nonlinear constrained problems
1 1
< 05
o
©
= ) a8 amsssee » 05
@O
3
-
w 05
-1 : : : 0 : '
10 0 10 20 0 05 1

| Stop Raw scores



7. Comparing Algorithm

Infeasible (L, D) = (1, 0.1)

L=1.1800
x_optimum  D=0.1236
0=13.3641

F value 0.4374

2.96E-06 (Thrust)
4.26 (Solidity)
0
Lagrange 0
Multiplier | 0
0
0

length L (m)

g

Propeller OP. Design

Opfimum |

Point

Start Point



7. Comparing Algorithm

fmincon with 2 variables

length L (m)

Propeller OP. Design

15 g
N SRR NSO OSSO SO NSO SO W,
Optimum point
| Y A R A AR S S SR
0 f | | | | | |
0 01 02 03 04 05 06 07



Diameter

Mo. of Blades Blade Pitch  Taper Ratio

Tip Chord  Angle Setting

2 360024437 |3 |U |1

|n_1235m.591 |13_35405359

Blads Twist Distribution

AREREEER

Ct, Eff
1
K i
I=0 J=Imax

Create

Analyse

Ct=0.233

Cqg=0.020639
Eff=0.304
J=0.170

Exit

Trust (N)

3906.68

Trust (N)

6441.27




9. Reference

= Wind turbine engineering design / Eggleston, David M / Van

Nostrand Reinhold / 1987
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http://www.aerodynamics4students.com/
http://www.aerodynamics4students.com/

Question??
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