AE 658
Chapter — 1

Propeller Theory and Design

Propeller Design




Using any of the theories it is possible to build up a
whole blade by stacking of airfoils, each of which is an
iIndividually designed element and appropriate airfoll
selected for it. For low subsonic propellers over the
years a few simple airfoils with flat undersurface has
been used. In modern propellers various NACA airfoils
are available for selection with their C | — a curves also
available to suit the individual blade element. A typical
distribution of the various blade geometrical
parameters are shown Iin Fig. For most design
purposes the design is initiated at the reference radius,
which is often at 0.75R of the intended propeller. Radial
variation of the parameters t/c, ¢/D and of p/D at
various values of f at 0.75R are presented as a typical
case (Fig.).



Flat Undersurface Airfoils

Clark Y Go 436 Go 623 RAF 6E

X Yu yL Yu yr Yu YL y
0 2.99 2.99 2.50 2.50 3.25 3.25 1.15
1.25 4.66 1.65 470 1.00 545 1.95 3.19
2.5 5.56 1.26 5.70 0.20 6.45 1.50 4.42
5.0 6.75 0.80 7.00 0.10 7.90 0.90 6.10
7.5 7.56 0.54 8.10 0.05 9.05 0.35 7.24
10 8.20 0.36 8.90 990 0.20 8.09
15 9.14 0.13 10.05 10.95 0.10 9.28
20 9.72 0.03 10.25 11.55 0.05 9.90
30 10.00 11.00 12.00 10.30
40 9.75 10.45 11.70 10.22
50 9.00 9.55 10.65 9.80
60 7.82 8.20 9.15 8.98
70 6.28 6.60 7.35 7.70
80 4.46 4.60 5.15 " 5.91
90 2.39 2.45 2.80 3.79
95 1.27 1.25 1.60 2.58
100 0.10 0 0.30 0.76
LE rad. 1.15
TE rad. 0.76
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NACA airfoils were build on this common basic symme trical airfoil shape
and various camber shapes added on. Thus sectionsw  ith required
maximum thickness, t, can be obtained by :

1y :ﬁ)(o.z%g&/_ X -0.12600.x - 0.35160x +0.28430.10150% |

The leading edge radius is found from,r =1.10.t>; And, the mean line
equations are, before Y, ——[2 p.X- Xz] and Y. = mz{(l-Zp) + 2pX - )?}
(1-p)

after max t/c. Where, p is the position of maximum ordinate , and m is the
maximum ordinate, where dy ./dx=0 4



8 =tan™ =&
Mean Line or camber line
- T = e ———
Chord
O/ Xy =X—Ye SO Yu=Yc+Yecos
=[O LE. Radius Xt =X+ sin@ Y =y -tecosl
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Efficiency (a) and Thrust Coefficient (b) curves fo  r high
advance ratio propeller
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Propeller manufacturers offer propellers covering a range of
diameters, pitch values, and solidities. The choice of these
parameters can depend on considerations other than the
aerodynamic efficiency. For example, to keep the no  ise level
of a propeller low, one may have to employ wide bla  des with
low tip speeds. As another example the propeller di ameter is
sometimes limited by ground clearance consideration S, or by
the distance from a nacelle to the fuselage. The dy  namics of
the propeller must also be matched to the engine. | fa
propeller being driven by the engine has a natural frequency
close to 3/rev. it can lead to excessive vibration and fatigue
stresses. Aerodynamically, one strives to select a propeller
that provides a high efficiency and sufficient thrust for cruise
and a high static thrust for takeoff. These two requirements
are easier to satisfy with a automatically variable pitch
(constant speed) propeller. A fixed pitch propeller Is usually a
compromise between these two operating regimes.
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A Modern Swept Back Propeller (8-bladed)
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