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This example demonstrates the use of the analysis for computing the performance of a
twisted wing of finite span. The symmetrical trapezoidal wing shown in Fig. 6.16 is con-
sidered, which has the following properties:

Aspect ratio: R = 6.

Taper ratio: A = (tip chord ¢,)/(root chord ¢,) = 0.55.

The wing has a geometric twist that varies linearly from zero at the root to —4° at the tip.
A negative twist denotes washout.

There is no aerodynamic twist.

Airfoil shapes are identical and /n, has a constant value of 27 per radian along the span.
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Fig. 6.16. A trapezoidal wing with a geometric twist.






(a) Compute sectional acrodynamic properties ¢, and c; for this wing.

(b) When flying at sea level at speed V of 250 km/hr, the wing loading W/S is 800 N/m?.
Compute ¢, and c,, along the span and the wing characteristics for this flight condi-
tion,

As shown in Fig. 6.16, eight spanwise stations are selected on one side of the wing, so
that k = 8 in Eq. (6.40). We defined dimensionless spanwise distance Y as ¥/0.5b and di-
mensionless chord C as c¢/c,. At the jth station on a linearly tapered wing,

(NN

t; Y;=cos@; and  C;=1-(1-1)cosb,

It can also be verified that

mgC, _ W
4b A(1+2)

Because the coefficients A, vanish for even values of n for a symmetrical wing, it is
more convenient to replace A, by Ay in Eq. (6.40) and to replace n by 2N — 1 elsewhere
in that equation, where N = 1, 2,.. .., k. Thus, Eq. (6.40) can be written in a simplified
form

k
2DwAy = e =12,k (6.40a)

N=i
in which, for a uniform distribution of m, = 27,

1! 2N-D)m . _
DjN = [FJ + mzs-i?oj] sm(2N 1)01

D,y is a function of geometry only and can readily be computed for given values of Jjand
N.
Similarly, Eqs. (6.35), (6.41), (6.42), and (6.53) are rewritten as

3 k
m 2
Cp=—— Y (2N-1)A 6.35a
k
¢ = 2—”2AN sin(2N -1) 6, (6.41a)
! q N=I
k g -Ne.
;= T3 (2N -1) Ay Sn@N_1)6, (6.422)

- AR(1+A)4 sin6)

|
i —'—j mCdY
1+A 70

The integral in the last equation can be evaluated numerically using the trapezoidal rule:

F'S
|

— 1
m = 2(1+A) Z(”‘icj +mj+|cj+|)(yj = Y,-H) (6.53a)
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