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NOMENCLATURE

Vo © Free stream velocity

uw - Axial velocity

u, : Outlet velocity

A : Swept area

Py, P, : Atmospheric pressure
P,, P; : Front and rear pressure of swept area
o @ Air density

T : Thrust

dT : Local thrust

a - Axial interference factor

@ ' Angular interference factor
P . Power

C, : Power coefficient

C, ' Thrust coefficient

C, : Torque coefficient

£2 © Angular velocity

w - Angular velocity of wake
Q : Torque

dQ : Local torque



X : Tip speed ratio

x * Local tip speed ratio
R : Span

7  Local span

L : Lift force

dL : Local lift force

C, : Lift coefficient

D : Drag force

dD : Local drag force

C, : Drag coefficient

0 : Pitch angle

a - Attack angle

¢ : Flow angle

W Relative velocity

B : Number of blade

¢ : Chord length

@, : Attack angle when stall occurs
C4 © Drag coefficient for a,
Cy © Lift coefficient for a,
AR : Aspect ratio

0, * Local solidity

F : Prandtl’s correction factor
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SUMMARY

The design of blade has been considered that lift-to-drag ratio, conditions
of structure and process manufacture and stable maximum lift coefficient, etc.

The process of aerodynamic blade design are gets the optimum shape at a
design for present condition and then revises the optimum shape connection
for the structure design.

The design of aerodynamic blade has been used many methods. The
momentum theory can be predicted total performance around the rotor but the
momentum theory can’t be considered blade weight, distribution of induced
velocity, effect of blade number and a section of blade shape. The blade
element theory can be analyzed that a section of blade shape, effect of blade
number, Reynolds number and mach number, etc., but can’t be explained the
interference of all blades and effect of wake.

This study is used the simplified method for design of the optimum
aerodynamic blade and aerodynamic analysis is used PROP-PC code.

This process is programed by C-language. This program shows both two
dimensional shape and three dimensional shape by any input values such as
tip speed ratio, blade length, hub length, a section of shape and maximum
lift-to-drag ratio. The program displays chord length and twist angle by

input values and analyzes performance of the blade,
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Table 1 Section coordinates of NACA 4415

X(upper) Y (upper) X(lower) Y (lower)
0.00000 0.00000 0.00000 0.00000
0.01250 0.03070 0.01250 -0.01790
0.02500 0.04170 0.02500 -0.02480
0.05000 0.05740 0.05000 -0.03270
0.07500 0.06910 0.07500 -0.03710
0.10000 0.07840 0.10000 -0.03980
0.15000 0.09270 0.15000 -0.04180
0.20000 0.10250 0.20000 -0.04150
0.25000 0.10920 0.25000 -0.03980
0.30000 0.11250 0.30000 -0.03750
0.40000 0.11250 0.40000 -0.03250
0.50000 0.10530 0.50000 -0.02720
0.60000 0.09300 0.60000 -0.02140
0.70000 0.07630 0.70000 -0.01550
0.80000 0.05550 0.80000 -0.01030
0.90000 0.03080 0.90000 -0.00570
0.95000 0.01670 0.95000 -0.00360
1.00000 0.00000 1.00000 0.00000

Leading edge radius=2.48

Slope of radius=0.2

Aol dost Hgatn Yrh NACA20-Ad 44-Ade oae ww

NACA4415, NACA4418% NACA230127} th& o3 nch orau)s} £of a=
2 2 AT7ANE AdIHASG A5 S wWolq S48 NACAMISS 712
d¥ez dAstgon, 1 GHR4L Fig. 4-201 BEw. Table 1& e

#olt},
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Table 2 Solidity, Chord and Twist angle at design point

Blade radius = 5m |, Tip speed ratio = 8 Attack angle = 6°
Lift coefficient = 1.01, Drag coefficient = 0.009

r/R Chord (mm) Solidity Twist angle ( °)
0.2 687.9 0.135 25.2
0.3 461.4 0.091 16.7
04 346.0 0.068 125
05 276.4 0.054 10.0
0.6 229.9 0.045 83
0.7 196.7 0.039 7.1
0.8 171.8 0.034 6.3
0.9 1524 0.030 56
1.0 136.8 0.027 50

Table 3 Relation to tip speed ratio and performance coefficients

Blade radius = 5m , Pitch angle = 0°
Tip speed ratio | Power coefficient Thrust coefficient | Torque coefficient
N 3 0.104 0.155 0.035
4 0.206 0.261 0.051
5 0.286 0.354 0.057
6 0.337 0.422 0.056
7 0.363 0.470 0.052
8 0.372 0.498 0.047
9 0.371 0.515 0.041
10 0.359 0.524 0.036
11 0.339 0.525 0.031
12 0.312 0.522 0.026
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Fig. 5-20 Three dimensional shape in design blade
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