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Lifting force represented by circulation

¢ Circulation:

r=[V-ds

*» Kutta—Joukowski formula: |_ — pU I
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Point vortex representing the circulation around a foil
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Schematic flow regimes over the suction surface of an aerofoil : (a)
fully attached laminar followed by turbulent boundary layer flow
over suction surface; (b) laminar, leading edge separation without
reattachment of flow over suction surface; (c) laminar followed by
turbulent boundary layer with separation near the trailing edge
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Kutta condition

1, 2 are stagnation points

(b)

Kutta condition established Starting vortex

{c)

Establishment of the starting vertex : (a) aerofoil at rest; (b) streamlines on starting prior
to Kutta condition being established ; (c) conditions at some time after starting
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Loaing on propeller section

< On-coming velocity:  V.(r) =\/(VA(F))2 + (or)?
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(a) (b)

Lift-generating mechanism on s 2-D blade sections (a, b) and
its application to propeller blade section at a typical radius (c)
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Circulation distribution

o Kutta—Joukowski formula:
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Building-up of propeller blade sections and lift(a) and
Circulation replacing blade sections(b) at various radii

SL(r) = pVe (NT(r)
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Circulation and Load Distribution
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Optimum: Elliptic distribution ~ SL(r) = pV, (r)[(r)
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Propeller Velocity Diagram

< Propeller induced velocity: (u, u, u)
“ Hydrodynamic pitch angle: B =tan Vaty,
or +U,
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Acting forces on propeller section

R R
T=Z [ &Tdr=2 [ (SLcos 3 —oDsin B )dr

R R
Q= zjanr — Zj(éLsin,Bi +5Dcos B)rdr
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NACA a=0.8 meanline
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Data for NACA mean line a=0.8 (modified)

cr; = 1.0, a; = 1.40°, ¢ 70y = 0.219
T Y | —AG, x Y. | —AC,
(% c) | (% c) (% c) | (% c)

0 |0 40 | 6.394 | 1.100
0.5 | 0.281 | 1.092 45 | 6.571 | 1.100
0.75 | 0.396 | 1.092 50 | 6.651 | 1.104
1.35 | 0.603 | 1.092 55 | 6.631 | 1.104

1.055 | 1.092 60 | 6.508 | 1.104
5.0 | 1.803 | 1.092 65 | 6.274 | 1.108
5 |2432]1.092 70 | 5913 | 1.108

10 | 2.981 | 1.092 75 | 5401 | 1.112

15 |3.903 | 1.096 80 | 4.673 | 1.112
20 | 4651 | 1.096 85 | 3.607 | 0.840
25 | 5.257 | 1.096 90 | 2.452 | 0.558
30 | 5.742 | 1.096 95 | 1.226 | 0.368
35 | 6.120 | 1.100 100 | 0 0

Local load coefficient: AC, = Ap/0.5pU?
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Finite wing
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Flow over a finite aspect ratio wing : (a) plan view of blade; (b)
flow at blade tip; (c) schematic view of wing tip vortices
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Prandtl’s classical lifting line theory
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Finite wing

—Flow on upper surface

——»Flow on lower surface

Formation of trailing vortices Schematic roll-up of trailing vortices
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Wake vortex distribution

% Kelvin's circulation 4T 5

conservation law

% Free vortex in wing
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s Lifting surface method

- Lifting line methods

(b)
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Example of pressure computation
vanel method
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peller-Cavity Anal
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Cavity Prediction

Experiment

Calculated Cavity Patterns
by VLM code

Calculated Cavity Patterns
by PANEL code

0 deg | ]3_

Cav. No. :1.721
Froude No. : 2.720
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