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Higher approximations:
Slope of the lift and moment about mid-chord
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2 LESSON NOTES
Here we quote the result of Kaplan for an elliptic cylinder at an angle of attack. The circulation about

the elliptic cylinder is so adjusted that the rear extremity of the major axis of the ellipse is a stagnation
point.
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Figure 2.1: Stagnation point

The ratio of the slopes of the lift curve are:
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Where:
C; = Section lift coefficient
a = Angle of attack
p2=(1-M2)!
V=+DH*-1
6 = Thickness ratio

The above result is valid up to the third approximation, i.e. ¢°, ¢!, ¢? results are included.

The radio for the moment coefficient about the mid-chord is given by:

1 u2-1 62 )
-— ——[16(V+2

32 pu 5z 16V
+ (U2 - 1)[V2+12(V+2)?]

—[8(V+2)%*+ (u* - 1)[V?

le/z/(cml/z)Moo:O =H

+2(V +2)(3V+8]]log§]

Note as the thickness ratio & — 0, then the lift slope increases with free stream mach number as
p=(1-M?2)"12, For small but finite thickness ratios, the lift slope increases at a faster rate than p.
This rate of increase is also a function of §.

Note the §%ogé in the expression for the ratio for the moment coefficient, suggesting singular per-
turbation methodology.
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Computed results for %/ qa Moo

are shown in the following table.



Ratio of Lift Curve Slopes and Moment Coefficients for

Compressible and Incompressible Flows

(ac,d,) / (dC,/d,);

M° r 5-0.05 5-0.10 5-.015 5-.020
0.10 1.0050 1.0053 1.0056 1.0058 1.0060
0.20 1.0206 1.0217 1.0228 1.0238 1.0248
0.30 1.0483 1.0511 1.0539 1.0566 1.0592
0.40 1.0911 1.0972 1.1032 1.1095 1.1152
0.50 1.1547 1.1672 1.1799 1.1926 1.2052
0.60 1.2500 1.2760 1.2337 1.3312 1.3594
0.70 1.4005 1.4600 1.5259 1.5957 1.6677
0.80 1.6667 1.8407 2.0524 2.2901 2.5455
0.90 2.2942 1.3327 4.9304 6.9355 9.2308
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